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Abstract

Background and Objectives

It has been suggested that higher triglyceride levels were associated with a lower risk of
Alzheimer disease. This study aimed to examine the association of triglycerides with dementia
and cognition change in community-dwelling older adults.

Methods

This prospective longitudinal study used data from the Aspirin in Reducing Events in the Elderly
(ASPREE) randomized trial of adults aged 65 years or older without dementia or previous cardio-
vascular events at enrollment. The main outcome was incident dementia. Other outcomes included
changes in composite cognition and domain-specific cognition (global cognition, memory, language
and executive function, and psychomotor speed). The association between baseline triglycerides and
dementia risk was estimated using Cox proportional hazard models adjusting for relevant risk factors.
Linear mixed models were used to investigate cognitive change. The analysis was repeated in a
subcohort of participants with available APOE-€4 genetic data with additional adjustment for APOE-e4
carrier status and an external cohort (UK Biobank) with similar selection criteria applied.

Results

This study included 18,294 ASPREE participants and 68,200 UK Biobank participants (mean
age: 75.1 and 66.9 years; female: 56.3% and 52.7%; median [interquartile range] triglyceride:
106 [80-142] mg/dL and 139 [101-193] mg/dL), with dementia recorded in 823 and 2,778
individuals over a median follow-up of 6.4 and 12.5 years, respectively. Higher triglyceride levels
were associated with lower dementia risk in the entire ASPREE cohort (hazard ratio [HR] with
doubling of triglyceride: 0.82, 95% CI 0.72-0.94). Findings were similar in the subcohort of
participants with APOE-&4 genetic data (n = 13,976) and in the UK Biobank cohort (HR was
0.82 and 0.83, respectively, all p < 0.01). Higher triglycerides were also associated with slower
decline in composite cognition and memory over time (p < 0.0S).

Discussion

Older adults with higher triglyceride levels within the normal to high-normal range had a lower
dementia risk and slower cognitive decline over time compared with individuals with lower triglyceride
levels. Higher triglyceride levels may be reflective of better overall health and/or lifestyle behaviors that
would protect against dementia development. Future studies are warranted to investigate whether
specific components within the total circulating pool of plasma triglycerides may promote better
cognitive function, with the hope of informing the development of new preventive strategies.
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Glossary

3MS = Modified Mini-Mental State Examination; AD = Alzheimer disease; ASPREE = Aspirin in Reducing Events in the
Elderly; ASPREE-XT = ASPREE-eXTension; CVD = cardiovascular disease; HDL-c = high-density lipoprotein cholesterol;
HR = hazard ratio; IQR = interquartile range; LDL-c = low-density lipoprotein cholesterol; PUTG = polyunsaturated fatty acid

containing triglyceride.

Introduction

Dementia imposes a substantial personal and public health
burden." There have been ongoing concerns that aggressive
lipid control in older people may be linked to accelerated
cognitive decline and increased risk of dementia.>* However,
evidence from historical studies on the relationship between
dyslipidemia and neurocognitive outcomes has been in-
consistent.* A recent study using data of more than 500,000
participants from the UK Biobank cohort who were aged
between 40 and 69 years (mean age: S6.5 years) reported a
U-shaped relationship between low-density lipoprotein cho-
lesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c),
total cholesterol levels, and dementia risk, but an inverse re-
lationship between triglyceride levels and dementia risk over
12 years of follow-up.® Triglyceride levels were proposed to be
less affected by wasting diseases (sarcopenia and other end-stage
diseases) and aging processes that are known to cause choles-
terol decline in late life (explaining the observed U-shaped re-
lationship of cholesterol metrics with dementia risk in previous
studies).® Thus, triglyceride levels may be a more stable bio-
marker of dementia risk in older populations.

Yet, previous studies examining triglycerides have generated
mixed findings, with some reporting a positive association
and others reporting a neutral or negative association.”® To
provide robust evidence, we analyzed data from a large pro-
spective study of community-based older people who did not
have dementia or major cognitive impairment at recruitment
and examined the relationship between triglyceride levels,
incident dementia risk, and cognitive change over time.

Methods
Study Population

The study population consisted of individuals recruited into
the Aspirin in Reducing Events in the Elderly (ASPREE), a
double-blinded, placebo-controlled, randomized trial of daily
low-dose aspirin in older people.'”?® ASPREE recruited
19,114 community-dwelling adults from Australia (87.4%)
and the United States (12.6%), who were aged 70 years or
older (=65 for US minorities), without diagnosed dementia, a
history of diagnosed cardiovascular disease (CVD) events, or
major life-limiting (<$ years) illness at trial enrollment. All
participants had to score >78/100 for the Modified Mini-
Mental State Examination (3MS), used to ascertain global
cognitive status at enrollment.”’ The ASPREE trial ended
in June 2017 after which participants were continued to be
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followed in the ongoing observational phase, the ASPREE-
eXTension (XT) cohort study. The present analysis followed
participants from trial enrollment to the second ASPREE-XT
annual study visit (last visit completed in August 2019). Using
a complete case approach because of a small amount of
missing data (n = 820), this analysis included all ASPREE
participants who did not have missing data on baseline tri-
glycerides and other covariates.

External Validation Cohort

To check the reliability of our study results, we repeated our
main analyses in an external cohort, the UK Biobank, using
similar selection criteria and analytic approach applied. The
UK Biobank recruited more than 500,000 participants from
the general population across the United Kingdom.** In
this study, we included those aged 65 years or older and
who had no diagnosed dementia or previous CVD events at
enrollment.

Exposure Measurement

The exposure was fasting plasma/serum triglyceride levels
measured at baseline. In ASPREE, participants’ fasting total
cholesterol, HDL-c, LDL-c, and triglycerides were mea-
sured in a clinic or local pathology center (Australia) or the
study trial center (the United States). In UK Biobank, lipid
traits were measured in the nonfasting blood sample col-
lected at baseline recruitment. Details on serum sample
handling and assays in the UK Biobank have been described
previously.”?

Study Outcomes

The main outcome measure was incident dementia. In
ASPREE, dementia was defined according to the Diagnostic
and Statistical Manual for Mental Disorders, Fourth Edition,
American Psychiatric Association criteria,”* and adjudicated
as a primary trial end point by an expert committee masked to
ASPREE study treatment assignment.”® To meet the di-
agnosis, participants must have developed memory impair-
ment and impairment in at least 1 additional cognitive domain
(aphasia, apraxia, agnosia, or disturbance of executive func-
tions) that caused incident impairment in social and in-
dependent living functioning.

Dementia outcome in UK Biobank was defined by In-
ternational Classification of Diseases, 10th Revision codes, from
the health records of UK Biobank.** Outcome adjudication
for incident dementia was conducted by the UK Biobank
Outcome Adjudication Group. More details are available in
eMethods (links.lww.com/WNL/D180).
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Other outcomes included changes in composite cognitive
function and domain-specific cognition. During the ASPREE
clinical trial, cognitive function was assessed at baseline and at
years 1, 3, and § and/or at final visit, which was precipitated by
early cessation of the trial in June 2017. During the ASPREE-
XT period, cognition was assessed with the 3MS only, in the
first year and then annually with all cognitive tests. The full
battery of cognitive tests was administered, including the
3-MS>' to measure global cognition, the Symbol Digit Mo-
dalities Test”” to measure psychomotor speed, the Hopkins
Verbal Learning Test-Revised”® Delayed Recall task to mea-
sure episodic memory, and the single letter (F) Controlled
Oral Word Association Test> to measure language and ex-
ecutive function. To reduce floor and ceiling effects, a com-
posite cognitive z-score was computed by standardizing the
raw score for each individual cognitive domain to a z-score
and then estimating the mean of the z-scores for the 4 cog-
nitive tests.>

Baseline Covariates

Potential baseline confounders were selected a priori according
to their plausible associations with either triglycerides or de-
mentia or both. These included age, sex (male, female), race
and ethnicity (White, Black, Hispanic/Latino, others), country
(Australia, the United States), smoking (never, past, current),
alcohol consumption (never, past, current), formal years of
education (<12 years, >12 years), family history (father/
mother/sibling) of dementia, diabetes, hypertension, waist
circumference, LDL-c (mg/dL), HDL-c (mg/dL), statin use,
other lipid-lowering medication use (omega-3-fatty acid,
fenofibrate, ezetimibe, gemfibrozil, nicotinic acid), baseline
composite cognitive z-score (for dementia analysis only), and
randomized ASPREE treatment (aspirin/placebo). Secondary
analyses were adjusted for the APOE &4 allele carrier status
(available for 76% of ASPREE participants).

For the analysis in the UK Biobank cohort, covariates in-
cluded age, sex, race, smoking (never, past, current), alcohol
consumption (never, past, current), LDL-c, HDL-c, waist
circumference, systolic and diastolic blood pressure, diabetes,
medications for lowering lipids, blood pressure, and glucose.

Statistical Analysis

The associations between baseline triglyceride levels with
incident dementia were analyzed with Cox models, including
all baseline covariates. Our main analysis modeled triglycer-
ides as a continuous variable and logarithmically transformed
using base 2 due to its skewed distribution. Restricted cubic
splines with 3 prespecified knots placed at 10th, S0th, and
90th percentiles of the distribution of triglycerides were
plotted to visualize the potentially nonlinear relationship be-
tween triglycerides and dementia. We also modeled triglyc-
erides as a categorical variable using 2 sets of classification
modes: (1) <10th, 10th—50th, 50th—-90th, and >90th to assess
the potential impact of very low and high triglyceride levels
and (2) <89 mg/dL (<1 mmol/L), 89-176 mg/dL (1-2
mmol/L), 177-256 mg/dL (2-3 mmol/L), and >256 mg/dL
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(>3 mmol/L) for the convenience of interpreting results in
clinical practice. Subgroup analyses were performed according
to age, sex, APOE-&4 carrier status, family history of dementia,
diabetes, hypertension, waist circumference, LDL-c, HDL-c,
and use of any lipid-lowering medication. The main analysis
was repeated in the subcohort of participants with available
genotype data with further adjustment made for carrier status
of APOE-¢g4 allele and the UK Biobank cohort.

Linear mixed effects models were used to examine the asso-
ciations of triglycerides with changes in the global cognitive
function (composite z-score) and 4 individual cognitive do-
mains. The data were fitted using linear mixed models to
calculate the change in cognitive function scores over time
with increasing triglyceride levels. The models were con-
structed by entering baseline triglycerides (log-transformed
with a base of 2), annual visit, log2 (triglycerides) x annual
visit interaction, baseline covariates, random intercept, and
random slope on time.

Sensitivity Analyses

Different sensitivity analyses were used to test the robustness
of study findings. To detect possible indication/selection bias
and reverse causality, we first compared the risk of incident
dementia at different levels of triglycerides and LDL-c. We
presumed that if there was indication bias introduced by the
presence of preexisting diseases (e.g., wasting diseases) that
increase the risk of dementia and also affect lipid metabolism,
the association with triglycerides and with LDL-c would likely
be comparable. We also performed a set of landmark analyses
restricted to incident dementia that occurred 1, 2, 3, and 4
years after baseline (to exclude early dementia events that
might be caused by preexisting conditions that also affected
the triglyceride levels). In addition, we restricted the analysis
for dementia in a subcohort of participants with stable waist
circumference over time (defined as waist circumference
during the first 3 years maintained within 10% of baseline
values given that the majority had the data). Furthermore,
presuming that individuals who had low triglyceride levels had
a long-term survival advantage predisposing them to a higher
risk of dementia, we complemented our main cause-specific
hazard ratio (HR) analysis by analyzing subdistribution HRs
for dementia with Fine-Gray competing risk models that
consider death as a competing event.

Random measurement error of baseline triglycerides and
fluctuations of triglyceride levels over time may bias its true
association with dementia toward the null or “regression di-
lution bias.”*! We used a nonparametric method to correct for
this bias.>* An adjusted regression dilution ratio was calcu-
lated using fasting triglyceride values at baseline and at the
second annual visit from 14,466 individuals to quantify the
extent to which single measurements of the markers reflect
their long-term average levels. A regression dilution ratio of
0.61 was used for triglycerides in the calibrated Cox models.
We also repeated the main analyses by replacing the baseline
triglyceride values with the mean values measured at baseline
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and at all annual visits with available records. As HDL-c was
negatively correlated with triglycerides (r = 0.46) and
adjusting for diabetes and waist circumference may offset the
potential negative impact of triglycerides on dementia, we
repeated our main analysis without adjusting for these vari-
ables. To remove the impact of outliers, we repeated analysis
in which participants with extreme triglyceride values (<1%,
>99%) were excluded. Last, we repeated our main analysis of
incident dementia in the ASPREE intervention group (ran-
domized to aspirin) and control group (randomized to pla-
cebo) separately.

Standard Protocol Approvals, Registrations,
and Patient Consents

The ASPREE and ASPREE-XT study were approved by the
Human Research Ethics Committees at Monash University
and Alfred Hospital in Australia and site-specific Institutional
Review Boards in the United States. The UK Biobank was
approved by the NHS National Research Ethics Service
(21/NW/0157). All participants provided written informed
consent.

Data Availability

Anonymized data not published within this article will be
made available by request from any qualified investigator.
Requests for data access will be available through the ASPREE
Principal Investigators with details for applications provided
through aspree.org/aus/for-researchers/ or aspree.org/usa/
for-researchers/.

Results

Baseline Characteristics

A total of 18,294 (median [interquartile range (IQR)] age 74
[72-78] years; female: 56.3%) ASPREE participants were
included in this study with a median follow-up of 6.4 (IQR
5.3-7.7) years; their median triglycerides level was 106 mg/
dL (IQR 80-142 mg/dL, range: 9-1,081 mg/dL). Partici-
pants with higher triglyceride levels were less likely to be
current drinkers, had lower education levels, and had a higher
prevalence of diabetes and hypertension (Table 1). They were
also more likely to report the use of lipid-lowering medica-
tions and had higher levels of waist circumference and lower
HDL-c. Analysis using data from the UK Biobank cohort
included 68,200 participants (mean age: 66.9 years; female:
52.7%; median [IQR] nonfasting triglyceride: 139 [101-193]
mg/dL), with a median (IQR) follow-up of 12.5 (11.7-13.2)
years. The baseline characteristics of UK Biobank participants
are presented in eTable 1 (links.lww.com/WNL/D180).

Baseline Triglyceride Levels and

Incident Dementia

When analyzing triglycerides on a continuous scale, a signif-
icant and similar inverse association was found between tri-
glycerides and incident dementia in the entire study cohort,
the subcohort of participants with genotypic data (total: n =
13,976; dementia: n = 583), and external UK Biobank cohort
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(total: n = 62,800, dementia: n = 2,778), with adjusted HR per
doubling triglycerides of 0.82, 0.82, and 0.83, respectively (all
p values <0.01) (Figure 1). The restricted cubic splines
revealed that the risks of dementia decreased with higher
triglyceride values, with no apparent threshold (Figure 1).

Analysis of triglyceride as a categorical variable demonstrated
a graded inverse association between higher triglyceride levels
and lower dementia risk in the entire study cohort and the
subcohort of participants with genotypic data. Compared with
those with triglycerides below the 10th percentile as a refer-
ence group (<62 mg/dL), the HRs for dementia in the
10-50th percentile category (63-106 mg/dL), S0-90th per-
centile category (107-186 mg/dL), and above 90th percentile
category (>187 mg/dL) were 0.85, 0.76, and 0.64 in the entire
cohort and were 0.72, 0.66, and 0.58 in the subcohort of
participants with genotypic data (p for trend <0.05)
(Figure 2). Similar trend of association was seen in the ex-
ternal UK Biobank cohort and when categorizing triglycerides
by per 1 mmol/L increase (Figure 2).

Subgroup analysis found that the direction and magnitude of
the inverse association between triglycerides and dementia
risk was highly consistent across all subgroups, and not
modified by age, sex, or risk factors related to triglycerides or
dementia (all p values for interaction >0.15) (Figure 3).

Baseline Triglyceride Levels and Cognition
Change Over Time

In the entire study cohort, higher triglyceride levels were
significantly associated with slower decline in composite
cognition (p = 0.02) and a borderline significantly slower
decline in episodic memory (p = 0.05). There was a similar
trend in the association with these domains in the sub-
cohort with genotypic data, although the statistical sig-
nificance for composite cognition and memory was no
longer maintained due to reduced sample size. No signifi-
cant associations were found for other cognition domains

(Table 2).

Sensitivity Analyses

When grouping participants by the median values of baseline
triglycerides and LDL-c of the study population, participants
with a triglyceride level above the median (>106 mg/dL) and
a LDL-c level below the median (<116 mg/dL) had the
lowest risk of dementia (HR 0.76, 95% CI 0.61-0.94), with
the group of both triglycerides and LDL-c below the median
as the reference group (eTable 2, links.lww.com/WNL/
D180). This suggests that indication bias was unlikely. Re-
peating the analysis for dementia by (1) only allowing par-
ticipants to enter the Cox model at 1, 2, 3, or 4 years after the
initial start of follow-up; (2) limiting to those with stable waist
circumference between baseline and second annual visit; (3)
replacing the baseline triglyceride values with the mean values
of baseline and follow-up visits in the outcome analyses; (4)
not adjusting for HDL-c, diabetes, and waist circumference in
the model; and (S) removing the participants with extreme
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Table 1 Baseline Characteristics of Participants by Triglyceride Levels in ASPREE

Baseline triglyceride levels (mg/dL)

Characteristics Al <10th (<62) 10th-50th (62-106) 50th-90th (107-186) >90th (>186)
Individuals, n 18,294 1,416 7,449 7,312 2,117

Age, y, median (IQR) 74 (72-78) 74 (72-78) 74 (72-78) 74 (72-78) 74 (71-77)
Female, n (%) 10,305 (56) 750 (53) 4,210 (57) 4,211 (58) 1,134 (54)

Race and ethnicity, n (%)

White 16,685 (91) 1,242 (88) 6,758 (91) 6,748 (92) 1,937 (92)
Black 873 (5) 129 (9) 446 (6) 240 (3) 58 (3)
Hispanic/Latino 469 (3) 24 (2) 146 (2) 211 (3) 88 (4)
Others 267 (1) 21(2) 99 (1) 113 (2) 34(2)

Country, n (%)

Australia 15,953 (87) 1,109 (78) 6,455 (87) 6,519 (89) 1,870 (88)

USA 2,341 (13) 307 (22) 994 (13) 793 (11) 247 (12)

Smoking, n (%)

Never 10,144 (55) 792 (56) 4,190 (56) 4,056 (55) 1,106 (52)
Former 7,450 (41) 576 (41) 2,998 (40) 2,975 (41) 901 (43)
Current 700 (4) 48 (3) 261 (4) 281 (4) 110 (5)

Alcohol, n (%)

Never 3,181 (17) 204 (14) 1,160 (16) 1,401 (19) 416 (20)

Former 1,092 (6) 91 (6) 415 (6) 445 (6) 141 (7)

Current 14,021 (77) 1,121 (79) 5,874 (79) 5,466 (75) 1,560 (74)
Education (>12y), n (%) 10,038 (55) 910 (64) 4,328 (58) 3,822 (52) 978 (46)
FH (father/mother/sibling) of dementia, n (%) 4,599 (25) 373 (26) 1,921 (26) 1,845 (25) 460 (22)
Diabetes, n (%) 1,946 (11) 93 (7) 612 (8) 828 (11) 413 (20)
Hypertension, n (%) 13,587 (74) 944 (67) 5,264 (71) 5,626 (77) 1,753 (83)
Statin use, n (%) 5,728 (31) 295 (21) 2,055 (28) 2,545 (35) 833 (39)
Other lipid-modifying medications, n (%) 826 (5) 73 (5) 272 (4) 328 (4) 153 (7)

Waist circumference, n (%)

Normal (women: <80 cm; men: <94 cm) 3,550 (19) 539 (38) 1,919 (26) 946 (13) 146 (7)

High (women: 80-<88 cm; men 94-<102 cm) 4,687 (26) 418 (30) 2,126 (29) 1,750 (24) 393(19)

Very high (women: 288 cm; men 2102 cm) 10,057 (55) 459 (32) 3,404 (46) 4,616 (63) 1,578 (75)
LDL-c, mg/dL, mean (SD) 118 (34) 106 (29) 117 (32) 122 (35) 118 (40)
HDL-c, mg/dL, mean (SD) 61(18) 76 (21) 66 (17) 57 (15) 48 (12)
Composite cognitive score, mean (SD) 0(0.71) 0.06 (0.72) 0.03 (0.71) -0.02 (0.70) -0.09 (0.71)
APOE-€4 carrier (n = 13,976) 3,613 (26) 283 (26) 1,519 (26) 1,392 (25) 419 (27)

Abbreviations: ASPREE = Aspirin in Reducing Events in the Elderly; FH = family history; HDL-c = high-density lipoprotein cholesterol; IQR = interquartile range;
LDL-c = low-density lipoprotein cholesterol.

Other races/ethnicities including Australian aborigine/Torres Strait islander, native American, more than 1 race, native Hawaiian/Pacific Islander, and those
who were not Hispanic and who did not state their ethnicity/race. Diabetes mellitus is defined from self-report or fasting glucose =126 mg/dL or on glucose-
lowering medications. Hypertension is defined as blood pressure 2140/90 mm Hg or on antihypertensive medications. Other lipid-lowering medication use
included omega-3-fatty acid, fenofibrate, ezetimibe, gemfibrozil, and nicotinic acid. To convert cholesterol to mmol/L, multiply by 0.0259, and to convert
triglycerides to mmol/L, multiply by 0.0113.
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Figure 1 Association Between Baseline TG Levels and Risk of Incident Dementia in the ASPREE and UK Biobank
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Baseline triglycerides (mg/dL)
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(95% Cl) per
doubling TG

Baseline triglycerides (mg/dL) Baseline triglycerides (mg/dL)

0.81(0.73-0.90), p < 0.001 0.77 (0.68-0.88), p < 0.001 0.88 (0.83-0.93), p < 0.001

Fully adjusted HR
(95% Cl) per 0.82(0.72-0.94), p = 0.004
doubling TG

0.82(0.70-0.95), p = 0.01 0.83(0.77-0.89), p < 0.01

The figure shows restricted cubic splines for the association between TG levels and risk of incident dementia in ASPREE and UK Biobank. The scale of the
primary Y-axis (left hand) reflects the values for the adjusted HRs for incident dementia (reference: TG = 100 mg/dL). The scale of the secondary Y-axis (right
hand) shows the number of participants at different levels of TG. The solid red line shows multivariable HR with black dash lines denoting corresponding 95%
Cls derived from restricted cubic splines regression with 3 knots. The light blue solid line was the reference line for HR of 1.0. The gray bar denotes population
distribution based on TG. Cubic splines were adjusted for age, sex, race, country, smoking, alcohol consumption, education level, family history of dementia,
diabetes, hypertension, waist circumference, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, statin use, other lipid-lowering
medication use, and composite cognitive score at baseline and randomized aspirin in the ASPREE cohorts and adjusted for age, sex, race, smoking, alcohol
consumption, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, waist circumference, systolic and diastolic blood pressure, diabetes,
and medications for lipid-lowering, blood pressure-lowering, and glucose-lowering in the UK Biobank cohort. *Analysis further adjusted for the carrier status

of APOE-¢4 allele. ASPREE = Aspirin in Reducing Events in the Elderly; HR = hazard ratio; TG = triglyceride.

values of triglycerides did not change the results (eTables
3-7). Subdistribution HRs estimated with a Fine-Gray model
were similar to the cause-specific HRs presented in the main
analysis (eTable 8). Using calibrated Cox proportional haz-
ards models with correction for triglycerides with regression
dilution ratio, the strength of the inverse associations between
triglycerides and dementia was modestly enhanced (eTable 9).
When repeating the dementia analysis in the ASPREE in-
tervention group and control group separately, the results were
shown to be similar in the entire cohort and the subcohort with
APOE-€4 data, with the p value for interaction between triglyc-
erides and randomized groups of 0.82 and 0.73, respectively
(eTable 10).

Discussion

This study found an inverse association between fasting serum/
plasma triglyceride levels and risk of incident dementia in a
large prospective cohort of community-dwelling older adults,
with higher triglyceride levels associated with lower risk of
dementia. The relationship was robust after adjusting for po-
tential confounding factors and observed independently of
other lipid measures, and not modified by age, sex, metabolic,
and dementia risk factors, including carrier status for the APOE-
€4 allele. Similar findings were seen when repeating the analysis
in the UK Biobank cohort using nonfasting triglyceride levels.
Additional analysis revealed that participants with higher tri-
glyceride levels had a slower decline in composite cognition
and memory over time. As only 8% of ASPREE participants

Neurology.org/N

had triglyceride concentrations between 200 and 500 mg/dL
and 0.1% had triglycerides >500 mg/dL (defined as “moderate”
and “severe” hypertriglyceridemia®?), our findings should only
be generalized to older individuals whose triglyceride levels are
within the normal and high-normal range.

Existing evidence regarding the association between triglyc-
erides and neurologic outcomes has been mixed, with some
studies reporting a negative association and others reporting
a positive or no association.” &3+ 4 Notably, most studies
reporting an inverse association involved older individuals,
but these studies were limited by their cross-sectional design,
small sample size, and/or lack of systematic follow-up and

15,34-36,39,40
outcome assessment.

Triglycerides measured in
late life are more likely to be influenced by contemporaneous
lifestyle behaviors, nutrition, and health conditions. By con-
trast, studies reporting positive associations commonly in-
volve individuals at midlife and may reflect longer-term
exposure to hypertriglyceridemia.”*”***! The findings sug-
gest that the prognostic implication of triglycerides on neu-
rocognitive outcomes differs depending on whether they are

measured during early life, midlife, or late life.>**

Based on our assumption regarding the varying neurocognitive
impacts of triglycerides measured at different time points in life,
one plausible explanation for our study findings is that lower
triglycerides in older people may be attributable to their poorer
nutritional intake and absorption, which are known predictors
of cognitive decline and dementia.*>** By contrast, higher
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Figure 2 Risk of Incident Dementia by TG Categories

ASPREE
. 1.44
< 1.24
R 1.0 ---@-mmoofo
=
E 0.8
o
T 0.6
el
g
%0.4_ p for trend: 0.29
<

<1 ‘1L2 2L3 >3
Baseline triglycerides (mmol/L)
Adjusted HR (95% Cl)
TG <89 mg/dL (1 mmol/L) 1 (reference)

TG 89-176 mg/dL (1-2 mmol/L)  0.93 (0.79-1.09)
TG 177-256 mg/dL (2-3 mmol/L) 0.85 (0.65-1.11)

ASPREE (subcohort of with
genotyping data)*

1.44

1.2

1) P N
0.8 i [

0.6

04l P for trend: 0.27

<1 12 23 >3
Baseline triglycerides (mmol/L)
Adjusted HR (95% Cl)

1 (reference)

0.94(0.78-1.13)
0.86 (0.63-1.18)

UK Biobank
8.8-----. -------------------------
0.8/ } {
0.7
0.6+
0.54
p for trend: <0.001

< 12 23 >3
Baseline triglycerides (mmol/L)
Adjusted HR (95% Cl)

1 (reference)

0.82(0.74-0.91)
0.77 (0.67-0.88)

TG >256 mg/dL (3 mmol/L) 0.76 (0.44-1.32) 0.70 (0.35-1.38) 0.65 (0.55-0.78)
O
< 1.24
B 104 - @emmme o T O i i e
e .4
£ 058 0.8 [ l ‘ 0.8] } {
= 0.7
& 3
T 0.6 0.6 j 1 0.6 {
B l 0.5
2 04 p for trend: 0.01 041 p for trend: 0.009 p for trend: <0.001
5°]
<10th 10th- 50th- >90th <10th 10th- 50th- >90th <10th 10th- 50th- >90th
50th 90th 50th 90th 50th 90th

Baseline triglycerides (percentile)

Adjusted HR (95% Cl)
1 (reference)
0.85 (0.66-1.09)
0.76 (0.58-0.99)
0.64 (0.45-0.92)

<10th percentile
10th-50th percentile
50th-90th percentile
>90th percentile

Baseline triglycerides (percentile)
Adjusted HR (95% Cl)

Baseline triglycerides (percentile)

Adjusted HR (95% Cl)
1 (reference)
0.80 (0.70-0.90)
0.76 (0.66-0.87)
0.63 (0.53-0.77)

1 (reference)
0.72 (0.55-0.96)
0.66 (0.49-0.91)
0.58 (0.39-0.88)

Circles denote adjusted HRs for incident dementia, and error bars denote the corresponding 95% Cls. Adjustment was made for age, sex, race, country,
smoking, alcohol consumption, education level, family history of dementia, diabetes, hypertension, waist circumference, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, statin use, other lipid-lowering medication use, and composite cognitive score at baseline and randomized aspirinin the
ASPREE cohorts and adjusted for age, sex, race, smoking, alcohol consumption, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, waist
circumference, systolic and diastolic blood pressure, diabetes, and medications for lipid-lowering, blood pressure-lowering, and glucose-lowering in the UK
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TG = triglyceride.

triglycerides within the normal to normal-high range may in-
dicate plentiful food sources and healthy lifestyle, therefore a
lower dementia risk. Because better nutritional status is com-
monly associated with higher LDL-c and triglyceride levels, we
assume that if better nutritional status is protective against the
development of dementia, we may have expected to find the
low risk of dementia among participants with both high tri-
glycerides and LDL-c. However, our analysis in ASPREE
does not support this hypothesis, as we have also shown that
high LDL-c (reflective of better nutritional status) was associ-
ated with increased dementia risk. This result may point to
other underlying factors that could help explain the observed
relationship.

Triglycerides contribute up to 95% of dietary fats which are
the main energy source of the brain. Yet, the biological

Neurology | Volume 101, Number 22 | November 28, 2023

mechanisms underpinning the potential relationship be-
tween low triglycerides and high risk of dementia and/or
cognitive decline remain unknown. One explanation may lie
in better understanding the specific plasma triglyceride
components within the total circulating pool that could
promote better cognitive function. A cross-sectional analysis
by Bernath et al.'* assessed the relationship between the 9
principal components of plasma triglycerides and cognition
and found that the levels of 2 components consisting of long-
chain polyunsaturated fatty acid-containing triglycerides
(PUTGs) were significantly lower in patients with mild
cognitive impairment and Alzheimer disease (AD) com-
pared with those with normal cognition. Their neuroimaging
analysis revealed that patients with lower PUTG levels had a
greater atrophy of the hippocampus and entorhinal cortex,
suggestive of early-stage AD. Future studies are warranted to
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Figure 3 Subgroup Analysis of Dementia by Baseline Characteristics
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FH = family history; HDL = high-density lipoprotein; HR = hazard
ratio; LDL = low-density lipoprotein; WC = waist circumference.

confirm their results and investigate which specific triglyceride
component is neuroprotective.

The association between triglycerides and dementia risk could
vary among older adults depending on their genetic vulnera-
bility to both high triglycerides and neurocognitive disorders.
However, current evidence supporting this genetic interplay is
scant. One study found a significant association between high
triglyceride levels and low incident AD risk, only in women
carrying the apolipoprotein A3-1131C allele.* This variant is
known to increase CVD risk by elevating plasma triglycerides
levels, but its association with dementia risk remains un-
known.*® Future studies to identify genetic variants that were
associated with increased levels of triglycerides and decreased
risk of dementia are needed to fill the current evidence gap.
One may also be interested in studying whether genetically
elevated triglycerides measured using polygenic risk scores
were associated with increased risk of dementia in later life. Our
subgroup analyses did not reveal any significant modifying
effect of family history of dementia and APOE-¢4, suggesting
that the association between triglycerides and dementia risk
is generally consistent between those who are genetically

Neurology.org/N

predisposed to high dementia risk and those who are not.
Owing to the reduced statistical power of subgroup analysis,
more studies are warranted to confirm this result.

Other explanations for our study findings include residual
confounding and survival bias. For example, medications, such
as thiazide diuretics and beta-blocker, which were shown to
increase triglycerides, have been putatively associated with a
lower risk of dementia.*”*® Individuals in ASPREE were free of
CVD events initially. Older people who had high triglyceride
levels, yet remained free of CVD in their late life, may possess
protective factors against CVD that might also predispose them
to a lower risk of dementia. Knowing that patients with AD
undergo structural brain atrophy and reduced brain energy
metabolism, " a recent study of ketone diet with medium chain
triglycerides found that the median chain fatty acid can quickly
pass through the blood-brain barrier and provide energy for
brain cells (neurons and astrocytes) beyond glucose. Specific
dietary triglycerides supplementation may represent a promis-
ing preventive treatment for dementia and cognitive decline.>
The correlation between dietary triglycerides and plasma tri-
glycerides has yet to be determined.
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Table 2 Association Between Baseline TG and Cognitive Score Changes Over Time

Baseline Follow-up
B SE p Value B SE p Value
ASPREE (entire cohort)
3-MS (Global function) -0.172 0.057 0.002 0.017 0.014 0.23
SDMT (Psychomotor speed) -0.190 0.118 0.1 -0.000 0.015 0.98
COWAT (Language, executive function) -0.068 0.057 0.23 -0.014 0.008 0.09
HVLT-R Delayed Recall (Episodic memory) -0.102 0.036 0.005 0.011 0.005 0.05
Composite z-score -0.027 0.008 0.002 0.002 0.001 0.02
ASPREE (subcohort of participants with genotypic data)?
3-MS (Global function) -0.194 0.062 0.002 0.017 0.015 0.26
SDMT (Psychomotor speed) -0.254 0.133 0.06 -0.007 0.016 0.67
COWAT (Language, executive function) -0.088 0.066 0.18 -0.015 0.009 0.11
HVLT-R Delayed Recall (Episodic memory) -0.113 0.041 0.006 0.009 0.006 0.11
Composite z-score -0.033 0.010 0.001 0.002 0.001 0.06

Abbreviations: 3-MS = The Modified Mini-Mental State Examination; ASPREE = Aspirin in Reducing Events in the Elderly; COWAT = Controlled Oral Word
Association Test; HVLT-R = Hopkins Verbal Learning Test-Revised Delayed Recall; SDMT = Symbol Digit Modalities Test; TG = triglyceride.

Cognitive data were taken from the annual visit at baseline (annual visit 0), 1, and 3-9 years. The data were fitted using linear mixed models to calculate the
change in cognitive function scores over time with increasing TG levels. The annual visit of cognition measurement was treated as a continuous variable
representing time. The models were constructed by entering baseline TG levels (log-transformed with a base of 2), annual visit, log2(TG) x annual visit
interaction, baseline covariates, random intercept, and random slope on time. The presented 3 in baseline was the coefficient for baseline cognition in each
domain (or composite) associated with baseline TG; 8 within follow-up was the coefficient for log2(TG) x annual visit interaction, which was interpreted as the
mean difference in the annual rate of change in each domain (or composite) of cognitive score per doubling TG. In all models, covariate adjustment was made
for age, sex, race, country, smoking, alcohol consumption, education level, family history of dementia, diabetes, hypertension, waist circumference, low-

density lipoprotein cholesterol, high-density lipoprotein cholesterol, statin, other lipid-lowering medications, and randomized aspirin.

@ Analysis further adjusted for the carrier status of APOE-¢4 allele.

This study has limitations. First, our study cannot establish a
causal relationship between triglyceride levels and dementia. This
is because of its post hoc, observational nature, and the possi-
bilities of indication bias and residual confounding introduced by
unmeasured and unobserved confounders remain. Although we
have carefully attempted to exclude reverse causality, given the
decades onset of dementia and cognitive decline, we cannot fully
exclude this. Even so, the consistent results from the subgroup
analysis and sensitivity analyses provide some evidence of the
robustness of our findings. Second, most ASPREE participants
had normal to high-normal triglyceride levels. Therefore, our
results cannot be generalized to the population with severe
hypertriglyceridemia, in whom pharmacologic treatments are
indicated to prevent CVD events and other complications, such
as acute pancreatitis.”" Similarly, our findings are unique to the
older population studied (older than 65 years) without CVD and
are not generalizable to other populations.

Our study has some key strengths. To the best of our knowledge,
this is the largest reported longitudinal follow-up study that has
investigated the relationship between triglyceride levels and all-
cause dementia in a demographically relevant older population.
Other main strengths include the use of high-quality prospective
data from a large-scale, contemporary randomized trial and post-
trial long follow-up, rigorously and systematically collected data
concerning fasting triglyceride levels and other covariates,

Neurology | Volume 101, Number 22 | November 28, 2023

protocol-driven serial neurocognitive testing at baseline and
during follow-up, and the rigorous adjudication of end points.
We assessed possible reverse causality in several exploratory
analyses, and the findings did not change, suggesting that reverse
causality was less likely.

In conclusion, among the older participants studied in ASPREE,
those with higher triglyceride levels, albeit most within the
normal to high-normal range, had lower risk of dementia and
slower cognitive decline over time. Triglyceride levels may serve
as a useful predictor for dementia risk and cognitive decline in
older populations. Future studies should investigate whether
specific triglyceride components within the total circulating pool
if triglycerides may promote better cognitive function.

Acknowledgment

The authors thank the ASPREE/ASPREE-XT participants who
gave their precious time to participate in ASPREE/ASPREE-
XT, registered general practitioners, endorsing organizations,
and all members of the ASPREE and ASPREE-XT team.

Study Funding

This study is supported by a grant from the Royal Australian
College of General Practitioners (RACGP)/HCF Research
Foundation Research (HCF2021-11) and the National Institute

on Aging.

Neurology.org/N

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

Disclosure

Z. Zhou reported receiving salary from the RACGP/HCF Re- Appendix (continued)
search Foundation Research Grant to lead this study. AM.  Name Location Contribution
Tonkin reported receiving research support or honoraria from
Amgen Boehringer—lngelheim Merck, and Pfizer, as well as Paul Lacaze, School of Public Health and  Drafting/revision of the
o ) ’ ¢ PhD Preventive Medicine, manuscript for content,
materials in the ASPREE trial from Bayer. S. Zoungas has re- Monash University including medical writing for
ceived NHMRC and Australian Heart Foundation research EO”FE”E study concept or
. Lo 1. . . €esign
funding as the principal investigator of the STAREE trial, and has
received paYInent to the mstltutlon (Monash University) from Rory Wolfe, School of Public Health and Drafting/revision of the
Lo . . . PhD Preventive Medicine, manuscript for content,
Eli Lilly Australia, Boehringer-Ingelheim, Merck Sharp & Dohme Monash University including medical writing for
Australia, AstraZeneca, Novo Nordisk, Sanofi, and Servier for content; major role in the
ul Kk ide th bmitted Kk P.L . acquisition of data; study
consultancy work outside the submitted work. . Lacaze is sup- concept or design; analysis
ported by a National Heart Foundation Future Leader Fellow- or interpretation of data
Shlp (102604)‘ S.M. Hussain received an NHMRC Early Career Suzanne G.  School of Public Health and  Drafting/revision of the
Fellowship. C.M. Reid reported being funded through aNational  Orchard, Preventive Medicine, manuscript for content,
Health and Medical Research Council Principal Research Fel- PhD Monash University mcludmg medical writing for
) ) - R ) content; study concept or
lowship. R.C. Shah reports being the site principal investigator or design
investigator for Alzheimer’s di linical tri r h
sub e.St gat.o . ° o cimers dlseaée ¢ ] cal t a.ls and esearc. Anne M. Berman Center for Drafting/revision of the
for which his institution (RUSh University Medical Center) 18 Murray, MD, Outcomes and Clinical manuscript for content,
Compensated (Arnylyx Pharmaceuticals, Inc, Athira Pharma, MSc Research, Hennepin including m(_edlcal writing for
L . Healthcare Research content; major role in the
Inc, Eli Lilly & Co., Inc,, Genentech, Inc., and Roche Holdings Institute, Division of acquisition of data
AG). T.T-J. Chong is supported by an Australian Research Geriatrics, Department of
. . . . Medicine Hennepin
Council Future Fellowship, and has received honoraria for lec- HealthCare
tures from Roche. M.R. Nelson reported receiving honoraria John) <chool of Publc Heath amd Drafiney o
L1 ohn J. chool of Public Health an rafting/revision of the
from Sanofi and Amgen as well as Bayer for materials in ASPREE. McNeil, PhD Preventive Medicine, manuscript for content,
The other authors declare that they have no conflicts of interest. Monash University including medical writing for
. content; major role in the
Go to Neurology.org/N for full disclosures. acquisition of data
: B B Chenglong  School of Public Health and  Drafting/revision of the
PUb“catlon HIStOfy Yu, PhD Preventive Medicine, manuscript for content,
Received by Neurology June 1, 2023. Accepted in final form Monash University including medical writing for
August 22, 2023. Submitted and externally peer reviewed. The handling conteln{,j maj?r;jrct)le in the
acquisition of data
editor was Associate Editor Linda Hershey, MD, PhD, FAAN. 9
Gerald F. School of Medicine, Drafting/revision of the
Watts, DSc,  University of Western manuscript for content,
PhD Australia including medical writing for
. content
Appendix Authors
Sultana School of Public Health and  Drafting/revision of the
Name Location Contribution Monira Preventive Medicine, manuscript for content,
Hussain, Monash University including medical writing for
Zhen Zhou, School of Public Health and  Drafting/revision of the PhD content
PhD Preventive Medicine, manuscript for content,

Monash University including medical writing for Lawrence ). School of Medicine, Drafting/revision of the
content; study concept or Beilin, MD University of Western manuscript for content,
design; analysis or Australia including medical writing for
interpretation of data content

Joanne School of Public Health and  Drafting/revision of the Michael E. Department of Pharmacy Drafting/revision of the
Ryan, PhD Preventive Medicine, manuscript for content, Ernst, Practice and Science, College manuscript for content,

Monash University including medical writing for PharmD of Pharmacy, The University including medical writing for
content; major role in the of lowa content; study concept or
acquisition of data; study design
concept or design; analysis
or interpretation of data Nigel Discipline of General Drafting/revision of the

Stocks, MD  Practice, University of manuscript for content,
Andrew M.  School of Public Health and  Drafting/revision of the Adelaide including medical writing for
Tonkin, MD Preventive Medicine, manuscript for content, content

Monash University including medical writing for
content; study concept or Robyn L. School of Public Health and  Drafting/revision of the
design Woods, PhD Preventive Medicine, manuscript for content,

Monash University including medical writing
Sophia School of Public Health and  Drafting/revision of the for content; major role in
Zoungas, Preventive Medicine, manuscript for content, the acquisition of data;
PhD Monash University including medical writing for study concept or design;
content; study concept or analysis or interpretation
design of data
Continued
Neurology.org/N Neurology | Volume 101, Number 22 | November 28, 2023

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

e2297


https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000207923
http://neurology.org/n

e2298

Appendix (continued)

Name Location Contribution

Chao Zhu, Central Clinical School, Drafting/revision of the

PhD Monash University manuscript for content,
including medical writing for
content; analysis or
interpretation of data

Christopher Curtin University Drafting/revision of the

M. Reid, PhD manuscript for content,

including medical writing for
content

Raj C. Shah,

MD

Rush University Drafting/revision of the
manuscript for content,
including medical writing for

content

Trevor T.-J.

Monash University Drafting/revision of the

Chong, PhD manuscript for content,
including medical writing for
content

Ajay Sood, Rush University Drafting/revision of the

PhD manuscript for content,
including medical writing for
content

Kerry M. Division of Geriatric Drafting/revision of the

Sheets, MD  Medicine, Department of manuscript for content,

Medicine, Hennepin including medical writing for
Healthcare content
Mark R. Menzies Institute for Medical Drafting/revision of the
Nelson, PhD Research, University of manuscript for content,
Tasmania including medical writing for
content; major role in the
acquisition of data; study
concept or design; analysis
or interpretation of data
References
1. GBD 2016 Dementia Collaborators. Global, regional, and national burden of Alz-

10.

11.

Neurology | Volume 101, Number 22 |

heimer’s disease and other dementias, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet Neurol. 2019;18(1):88-106. doi:10.1016/
$1474-4422(18)30403-4

Elias PK, Elias MF, D’Agostino RB, Sullivan LM, Wolf PA. Serum cholesterol and
cognitive performance in the Framingham Heart Study. Psychosom Med. 2005;67(1):
24-30. doi:10.1097/01.psy.0000151745.67285.c2

van Vliet P. Cholesterol and late-life cognitive decline. ] Alzheimers Dis. 2012;30(suppl
2):S147-S162. doi:10.3233/JAD-2011-111028

Li G, Shofer JB, Kukull WA, et al. Serum cholesterol and risk of Alzheimer disease: a
community-based cohort study. Neurology. 2005;65(7):1045-1050. doi:10.1212/
01.wnl.0000178989.87072.11

Gong J, Harris K, Peters SAE, Woodward M. Serum lipid traits and the risk of
dementia: a cohort study of 254,575 women and 214,891 men in the UK Biobank.
EClinicalMedicine. 2022;54:101695. doi:10.1016/j.eclinm.2022.101695

Jacobs D, Blackburn H, Higgins M, et al. Report of the conference on low blood
cholesterol: mortality associations. Circulation. 1992;86(3):1046-1060. doi:10.1161/
01.cir.86.3.1046

Romas SN, Tang MX, Berglund L, Mayeux R. APOE genotype, plasma lipids,
lipoproteins, and AD in community elderly. Neurology. 1999;53(3):517-521. doi:
10.1212/wnl.53.3.517

Kalmijn S, Foley D, White L, et al. Metabolic cardiovascular syndrome and risk of
dementia in Japanese-American elderly men. The Honolulu-Asia aging study. Arte-
rioscler Thromb Vasc Biol. 2000;20(10):2255-2260. doi:10.1161/01.atv.20.10.2255
Sims RC, Madhere S, Gordon S, et al. Relationships among blood pressure, triglyc-
erides and verbal learning in African Americans. ] Natl Med Assoc. 2008;100(10):
1193-1198. doi:10.1016/50027-9684(15)31474-7

Raffaitin C, Gin H, Empana JP, et al. Metabolic syndrome and risk for incident
Alzheimer’s disease or vascular dementia: the Three-City Study. Diabetes Care. 2009;
32(1):169-174. doi:10.2337/dc08-0272

Reitz C, Luchsinger J, Tang MX, Manly ], Mayeux R. Impact of plasma lipids and time
on memory performance in healthy elderly without dementia. Neurology. 2005;64(8):
1378-1383. doi:10.1212/01.WNL.0000158274.31318.3C

November 28, 2023

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

28.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Schilling S, Tzourio C, Soumare A, et al. Differential associations of plasma lipids with
incident dementia and dementia subtypes in the 3C study: a longitudinal, population-
based prospective cohort study. PLoS Med. 2017;14(3):e1002265. doi:10.1371/
journal.pmed.1002265

Mielke MM, Zandi PP, Sjogren M, et al. High total cholesterol levels in late life
associated with a reduced risk of dementia. Neurology. 2005;64(10):1689-1695. doi:
10.1212/01.WNL.0000161870.78572.A5

Bernath MM, Bhattacharyya S, Nho K, et al. Serum triglycerides in Alzheimer disease:
relation to neuroimaging and CSF biomarkers. Neurology. 2020;94(20):€2088-¢2098.
doi:10.1212/WNL.0000000000009436

Yin ZX, Shi XM, Kraus VB, et al. High normal plasma triglycerides are associated with
preserved cognitive function in Chinese oldest-old. Age Ageing. 2012;41(5):600-606.
doi:10.1093 /ageing/afs033

Parthasarathy V, Frazier DT, Bettcher BM, et al. Triglycerides are negatively corre-
lated with cognitive function in nondemented aging adults. Neuropsychology. 2017;
31(6):682-688. doi:10.1037/neu0000335

McNeil JJ, Nelson MR, Woods RL, et al. Effect of aspirin on all-cause mortality
in the healthy elderly. N Engl | Med. 2018;379(16):1519-1528. doi:10.1056/
nejmoal80395S

ASPREE Investigator Group. Study design of ASPirin in Reducing Events in the
Elderly (ASPREE): a randomized, controlled trial. Contemp Clin Trials. 2013;36(2):
555-564. doi:10.1016/j.cct.2013.09.014

McNeil JJ, Woods RL, Nelson MR, et al. Effect of aspirin on disability-free survival in the
healthy elderly. N Engl ] Med. 2018;379(16):1499-1508. doi:10.1056/nejmoal800722
McNeil JJ, Wolfe R, Woods RL, et al. Effect of aspirin on cardiovascular events and
bleeding in the healthy elderly. N Engl ] Med. 2018;379(16):1509-1518. doi:10.1056/
nejmoal805819

Ryan J, Woods RL, Britt C, et al. Normative performance of healthy older individuals
on the Modified Mini-Mental State (3MS) examination according to ethno-racial
group, gender, age, and education level. Clin Neuropsychol. 2019;33(4):779-797. doi:
10.1080/13854046.2018.1488996

Sudlow C, Gallacher J, Allen N, et al. UK biobank: an open access resource for
identifying the causes of a wide range of complex diseases of middle and old age. PLoS
Med. 2015;12(3):e1001779. doi:10.1371/journal.pmed.1001779

Elliott P, Peakman TC; UK Biobank. The UK Biobank sample handling and storage
protocol for the collection, processing and archiving of human blood and urine. Int |
Epidemiol. 2008;37(2):234-244. doi:10.1093/ije/dym276

Gmitrowicz A, Kucharska A. Developmental disorders in the fourth edition of the
American classification: diagnostic and statistical manual of mental disorders (DSM
1IV: optional book) [in Polish]. Psychiatr Pol. 1994;28(5):509-521.

Ryan J, Storey E, Murray AM, et al. Randomized placebo-controlled trial of the effects
of aspirin on dementia and cognitive decline. Neurology. 2020;95(3):e320-e331. doi:
10.1212/WNL.0000000000009277

Wilkinson T, Schnier C, Bush K, et al. Identifying dementia outcomes in UK Biobank:
a validation study of primary care, hospital admissions and mortality data. Eur |
Epidemiol. 2019;34(6):557-565. doi:10.1007/510654-019-00499-1

Schoenfeld D. Partial residuals for the proportional hazards regression model. Bio-
metrika. 1982;69(1):239-241. doi:10.1093/biomet/69.1.239

Abeare CA, Hurtubise JL, Cutler L, et al. Introducing a forced choice recognition trial
to the Hopkins Verbal Learning Test-Revised. Clin Neuropsychologist. 2020;35(8):
1442-1470. doi:10.1080/13854046.2020.1779348

Ross TP. The reliability of cluster and switch scores for the Controlled Oral Word
Association Test. Arch Clin Neuropsychol. 2003;18(2):153-164. doi:10.1016/s0887-
6177(01)00192-5

Wilson RS, Leurgans SE, Boyle PA, Schneider JA, Bennett DA. Neurodegenerative
basis of age-related cognitive decline. Neurology. 2010;75(12):1070-1078. doi:
10.1212/WNL.0b013e3181f39adc

Hutcheon JA, Chiolero A, Hanley JA. Random measurement error and regression
dilution bias. BMJ. 2010;340:¢2289. doi:10.1136/bm;.c2289

Knuiman MW, Divitini ML, Buzas JS, Fitzgerald PE. Adjustment for regression di-
lution in epidemiological regression analyses. Ann Epidemiol. 1998;8(1):56-63. doi:
10.1016/s1047-2797(97)00107-S

Berglund L, Brunzell JD, Goldberg AC, et al. Evaluation and treatment of hyper-
triglyceridemia: an Endocrine Society clinical practice guideline. J Clin Endocrinol
Metab. 2012;97(9):2969-2989. doi:10.1210/jc.2011-3213

Nordestgaard LT, Christoffersen M, Afzal S, Nordestgaard BG, Tybjaerg-Hansen A,
Frikke-Schmidt R. Triglycerides as a shared risk factor between dementia and ath-
erosclerotic cardiovascular disease: a study of 125 727 individuals. Clin Chem. 2021;
67(1):245-255. doi:10.1093/clinchem/hvaa269

Lv YB, Mao C, Gao X, et al. Triglycerides paradox among the oldest old: “The Lower
the Better?” ] Am Geriatr Soc. 2019;67(4):741-748. doi:10.1111/jgs.15733

Lv YB, Yin ZX, Chei CL, et al. Serum cholesterol levels within the high normal range
are associated with better cognitive performance among Chinese elderly. J Nutr
Health Aging. 2016;20(3):280-287. doi:10.1007/s12603-016-0701-6

Power MC, Rawlings A, Sharrett AR, et al. Association of midlife lipids with 20-year
cognitive change: a cohort study. Alzheimers Dement. 2018;14(2):167-177. doi:
10.1016/j.jalz.2017.07.757

Henderson VW, Guthrie JR, Dennerstein L. Serum lipids and memory in a population
based cohort of middle age women. ] Neurol Neurosurg Psychiatry. 2003;74(11):
1530-1535. doi:10.1136/jnnp.74.11.1530

He Q, Li Q, Zhao J, et al. Relationship between plasma lipids and mild cognitive
impairment in the elderly Chinese: a case-control study. Lipids Health Dis. 2016;
15(1):146. doi:10.1186/512944-016-0320-6

Neurology.org/N

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://neurology.org/n

40.

41.

42.

43.

4S.

Buyo M, Takahashi S, Iwahara A, et al. Metabolic syndrome and cognitive function:
cross-sectional study on community-dwelling non-demented older adults in Japan.
J Nutr Health Aging. 2020;24(8):878-882. doi:10.1007/s12603-020-1412-6
Reynolds CA, Gatz M, Prince JA, Berg S, Pedersen NL. Serum lipid levels and
cognitive change in late life. ] Am Geriatr Soc. 2010;58(3):501-509. doi:10.1111/
j-1532-5415.2010.02739.x

Zhu Y, Liu X, Zhu R, Zhao J, Wang Q. Lipid levels and the risk of dementia: a dose-
response meta-analysis of prospective cohort studies. Ann Clin Transl Neurol. 2022;
9(3):296-311. doi:10.1002/acn3.51516

Ulger Z, Halil M, Kalan I, et al. Comprehensive assessment of malnutrition risk and
related factors in a large group of community-dwelling older adults. Clin Nutr. 2010;
29(4):507-511. doi:10.1016/j.cInu.2010.01.006

Feng L, Chu Z, Quan X, et al. Malnutrition is positively associated with cognitive
decline in centenarians and oldest-old adults: a cross-sectional study. EClinicalMedi-
cine. 2022;47:101336. doi:10.1016/j.eclinm.2022.101336

Ancelin ML, Ripoche E, Dupuy AM, et al. Sex differences in the associations
between lipid levels and incident dementia. ] Alzheimers Dis. 2013;34(2):519-528.
doi:10.3233/JAD-121228

Neurology.org/N

46.

47.

48.

49.

50.

de Luis D, Izaola O, Primo D. APOA-5 genetic variant rs662799: role in lipid changes
and insulin resistance after a Mediterranean diet in Caucasian obese subjects. Dis
Markers. 2021;2021:125714S. doi:10.1155/2021/1257145

Beaman EE, Bonde AN, Larsen SMU, et al. Blood-brain barrier permeable B-blockers
linked to lower risk of Alzheimer’s disease in hypertension. Brain. 2023;146(3):
1141-1151. doi:10.1093 /brain/awac076

Tully PJ, Hanon O, Cosh S, Tzourio C. Diuretic antihypertensive drugs and incident
dementia risk: a systematic review, meta-analysis and meta-regression of prospective
studies. ] Hypertens. 2016;34(6):1027-103S. doi:10.1097/HJH.0000000000000868
Croteau E, Castellano CA, Fortier M, et al. A cross-sectional comparison of brain
glucose and ketone metabolism in cognitively healthy older adults, mild cognitive
impairment and early Alzheimer’s disease. Exp Gerontol. 2018;107:18-26. doi:
10.1016/j.exger.2017.07.004

Banks WA, Farr SA, Salameh TS, et al. Triglycerides cross the blood-brain barrier and
induce central leptin and insulin receptor resistance. Int ] Obes (Lond). 2018;42(3):
391-397. doi:10.1038/ij0.2017.231

Yuan G, Al-Shali KZ, Hegele RA. Hypertriglyceridemia: its etiology, effects and
treatment. CMAJ. 2007;176(8):1113-1120. doi:10.1503/cmaj.060963

Neurology | Volume 101, Number 22 | November 28, 2023

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

e2299


http://neurology.org/n

