Increased midlife triglycerides predict
brain f-amyloid and tau pathology
20 years later
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Abstract

Objective
To evaluate the effect of midlife lipid levels on Alzheimer brain pathology 20 years later in
cognitively normal elderly individuals.

Methods

This is a longitudinal cohort study of 318 cognitively normal individuals with data
on fasting lipid levels at midlife (mean age 54 years). Presence of p-amyloid (AB) and
tau pathologies 20 years later (mean age 73 years) were detected by quantifying Alzheimer
disease (AD) biomarkers in CSF. In a subset (n = 134), AB (*°F-flutemetamol) PET was
also performed.

Results

CSF APy, and AB PET revealed A pathology in approximately 20% of the cognitively healthy
population and CSF Af,,/phosphorylated tau (p-tau) ratio indicated both A and tau pa-
thology in 16%. Higher levels of triglycerides in midlife were independently associated with
abnormal CSF A, (odds ratio [OR] 1.34, 95% confidence interval [CI] 1.03-1.75, p = 0.029)
and abnormal A, /p-tau ratio (OR 1.46, 95% CI 1.10-1.93; p = 0.009) adjusting for age, sex,
APOE ¢4, education, and multiple vascular risk factors. Triglycerides were also associated with
abnormal AP PET in multivariable regression models, but the association was attenuated in the
fully adjusted model. Increased levels of medium and large low-density lipoprotein subfractions
were significantly associated with abnormal A PET and large high-density lipoprotein particles
were associated with decreased risk of abnormal AP PET.

Conclusions

Increased levels of triglycerides at midlife predict brain A and tau pathology 20 years later in
cognitively healthy individuals. Certain lipoprotein subfractions may also be risk factors for Ap
pathology. These findings further support an involvement of lipids in the very early stages of AD
development.
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Glossary

AP = p-amyloid; AD = Alzheimer disease; FLAIR = fluid-attenuated inversion recovery; HDL = high-density lipoprotein;
IMT = intima-media thickness; LDL = low-density lipoprotein; MDCS = Malmé Diet and Cancer Study; MMSE = Mini-
Mental State Examination; MPRAGE = magnetization-prepared rapid gradient echo; p-tau = tau phosphorylated at Thr181;
SUVR = standardized uptake value ratio; VLDL = very low-density lipoprotein; WML = white matter lesion.

Genetic analyses indicate that lipid metabolism is one of the
main pathways involved in the pathologic process of Alzheimer
disease (AD)," but previous longitudinal cohort studies show
inconsistent results regarding lipids and later development of
AD dementia.” Factors explaining these discrepancies include
varying follow-up times” and the fact that a clinical diagnosis of
AD is often unreliable.’ Autopsy studies assessing the longi-
tudinal relationship between lipid levels and brain AD pathol-
ogy include individuals with varying cognitive status.”” Since
cerebral B-amyloid (AB) accumulation seems to start 10-20
years before symptom onset,” cognitively normal individuals
should be studied when determining risk factors associated
with the earliest AD events. AB accumulation is detected re-
liably using either AR PET or CSF biomarkers.” One previous
cross-sectional study in healthy elderly found an association
between higher triglycerides and AR PET® and 2 recent lon-
gitudinal studies showed that an increased number of midlife
vascular risk factors” and midlife dyslipidemia'® were associated
with brain amyloid deposition measured with PET. We aimed
to investigate the association between different lipid levels in
midlife and presence of brain amyloid 20 years later in
asymptomatic individuals who were cognitively normal at
follow-up. Further, we aimed to study if lipoprotein sub-
fractions are associated with AD pathology. Previous findings
suggest that high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) are independent risk factors for cardiovas-
cular disease and may be superior to conventional HDL and
LDL in assessing cardiovascular risk.''* Their role as risk
factors for AD has not been studied previously.

Methods

Participants

The present data are derived from the cognitively healthy co-
hort of the Swedish BioFINDER Study (biofinder.se). In short,
participants were recruited from the longitudinal population-
based Malmé Diet and Cancer Study (MDCS) cardiovascular
cohort (previously described in more detail).">”"” The baseline
examination was performed between 1991 and 1994, followed
by a reinvestigation between 2007 and 2012. Seventy-six per-
cent of the eligible baseline population attended the reinvesti-
gation and dropouts were generally in poorer health condition
than attendees.'” Reasons for nonparticipation were un-
willingness, sickness, or lack of information in registers. At
baseline, all participants responded to questionnaires on health
status and medication use and underwent physical examina-
tions (anthropometric measures) and blood sampling by

3 15,17,18
trained research nurses.
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Beginning in 2009, we recruited candidates to the cognitively
healthy cohort from the ongoing MDCS reinvestigation based
on the following criteria: age >60 years, Mini-Mental State
Examination (MMSE) score >27 points, and no subjective
cognitive impairment. During random periods, individuals
fulfilling these criteria were invited to participate in the cogni-
tively healthy cohort of the Swedish BioFINDER Study. This
resulted in 437 potential study participants, who underwent
a thorough clinical examination at the Memory Clinic by
trained medical doctors assessing neurologic and psychiatric
status as well as cognitive function (including a second
MMSE), described previously in more detail.’” Individuals
failing to fulfill inclusion criteria after this refined assessment, or
with a history of TIA or stroke, severe neurologic or psychiatric
disease, dementia, or mild cognitive impairment (Clinical De-
mentia Rating score >0), were excluded. Based on these cri-
teria, 76 individuals were excluded, which yielded 361
participants in the cognitively normal cohort of the Swedish
BioFINDER Study. The inclusion was terminated when this
predefined number of participants was reached. Between 2010
and 20185, participants underwent cognitive testing,19 brain
MR], and lumbar puncture. After study completion, 318 indi-
viduals had available data on CSF biomarkers and midlife
laboratory tests, and were included in the present study.

Standard protocol approvals, registrations,
and patient consents

All individuals received information about the study and gave
written consent to participate. The Ethical Committee of
Lund University, Lund, Sweden, gave ethical approval.

CSF analyses

The procedure and analysis of the CSF followed the Alz-
heimer’s Association Flow Chart for CSF biomarkers.”® We
collected lumbar CSF samples between 2010 and 2015 and
later analyzed them simultaneously according to a standard-
ized protocol.”’ CSF concentrations of AB,, and tau phos-
phorylated at Thr181 (p-tau) were measured with
INNOTEST ELISA (Fujirebio Europe, Ghent, Belgium).

AB PET imaging

Brain AB was also measured using ['*F]flutemetamol PET** in
a subpopulation (n = 134). We conducted PET/CT scanning
between 2013 and 2015 using the same type of Philips (Best,
the Netherlands) Gemini TF 16 scanner at 2 different sites.
Average uptake was estimated from PET sum images from 90
to 110 minutes after injection. The images were analyzed with
the NeuroMarQ software provided by GE Healthcare
(Cleveland, OH). A volume of interest template was applied for
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9 bilateral regions (prefrontal, parietal, lateral temporal, medial
temporal, sensorimotor, occipital, anterior cingulate, and pos-
terior cingulate/precuneus), combined in a global neocortical
composite signal” The standardized uptake value ratio
(SUVR) was the global composite tracer uptake, normalized
for the mean uptake in the cerebellar cortex.

MRI of white matter lesions

We examined 308 participants between 2009 and 2015 using
a 3T MRI scanner (Trio; Siemens, Munich, Germany). The
MRI protocol comprised axial T2 fluid-attenuated inversion
recovery (FLAIR) imaging and a coronal magnetization-
prepared rapid gradient echo (MPRAGE) sequence. The total
white matter lesion (WML) volume (mL) was segmented
from the MPRAGE and FLAIR image data using the Lesion
Segmentation Tool, version 1.2.3, as implemented in SPM8.**

Lipid analyses

Triglycerides, cholesterol, and HDL were measured in serum
after an overnight fast at the baseline visit in MDCS
(1991-1994) using standard clinical procedures. LDL was
calculated using the Friedewald formula.'®

For quantification of plasma lipoprotein subfractions, lip-
oproteins were isolated by dextran sulfate precipitation as
previously described."”'* The lipoproteins were fractionated
and quantitated in a single scan using gas-phase electropho-
resis (ion mobility).”* This method separates and quantitates
lipoprotein particles ranging in size from small HDL to large

very low-density lipoproteins (VLDLs).

Covariates

Covariates were selected based on available study data and on
previous literature, linking vascular risk factors to AD.** APOE
€4 status was introduced as the absence or presence of any €4
allele in order to investigate whether associations were in-
dependent of this well-known genetic risk factor for AD. We
collected data on years of education at inclusion in the Swedish
BioFINDER Study. All other covariates were derived from the
baseline visit in MDCS (1991-1994) and details on data col-
lection have been described previously.'”'”'® Mean intima-
media thickness (IMT), a surrogate marker for subclinical
atherosclerosis,”” was assessed according to standard proce-
dures in the right common carotid artery.'” Systolic and di-
astolic blood pressure was measured after 10 minutes of resting
in a supine position. Fasting blood glucose was measured after
an overnight fast using standard clinical procedure."® We cal-
culated body mass index as kg/ m’. Cardiovascular disease,
smoking, physical activity, and lipid-lowering medication were
self-reported data derived from the self-administered ques-
tionnaire (http://links.lww.com/WNL/A48),"'® described in
more detail in e-Methods (http://links.lww.com/WNL/A17).

Statistical analysis
We used SPSS (SPSS Inc, Chicago, IL) statistical software
(version 22 for Windows) for all statistical analyses, except
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mixture modeling, which we performed using R (version 3.1.2
with Mixtools version 1.0.2). CSF and PET data were di-
chotomized and used as dependent variables in logistic regression
models. Cutoff values for CSF and PET data were estimated
using mixture modeling where a bimodal distribution reveals
a cutoff point.*' The estimated cutoffs were abnormal AP, <500
pg/mL, abnormal AB4,/p-tau ratio <7.7, and abnormal PET
composite SUVR >1.42. We assessed WML volume as a con-
tinuous dependent variable using linear regression models.

We performed multivariable regression models with back-
ward elimination (removal at p > 0.1) and constructed 4
models adding covariates in a stepwise manner as follows:
model 1: age; model 2: age, sex, APOE &4, and education;
model 3: age, sex, APOE &4, education, IMT, systolic blood
pressure, fasting blood glucose, and body mass index; model
4: age, sex, APOE &4, education, IMT, systolic blood pres-
sure, fasting blood glucose, body mass index, cardiovascular
disease, smoking, physical activity, and lipid-lowering med-
ication (at follow-up). A p value <0.0S was considered sta-
tistically significant. Linear data were converted to Z scores,
using score (x), mean (), and SD (o) according to the
formula z = (x — p)/o. In the multivariable analyses, only
participants with data on all entered covariates were included
in the analyses.

We also performed sensitivity analyses regarding blood
pressure, weight reduction, and lipid-lowering medication at
baseline and tested statistical interaction between trigly-
cerides and APOE &4 (presented in e-Results, http://links.
Iww.com/WNL/A17).

Results

Table 1 presents characteristics of the cognitively normal
cohort of the Swedish BioFINDER Study in comparison
with the recruitment cohort. The study group was generally
healthier than the other MDCS participants (table 1). Mean
follow-up time between the baseline visit and subsequent
lumbar puncture was 20 years (SD * 1.6) and mean follow-
up time between baseline visit and PET imaging was 21 years
(SD £ 0.9). CSF and PET biomarkers revealed abnormal
amounts of A in approximately 20% of the cognitively
healthy population and indicated a combination of Ap and
tau pathology in 16%.

Baseline lipid levels and abnormal CSF
biomarkers 20 years later

Associations between lipid levels (obtained at baseline in
1991-1994) and AD pathology 20 years later are presented in
table 2. Higher levels of triglycerides in midlife were associ-
ated with abnormal CSF AP, as well as abnormal CSF A,/
p-tau ratio, in all logistic regression models even after multi-
variable adjustments (table 2).

Total cholesterol was associated with Af,,/p-tau ratio in all
logistic regression models (table 2). LDL was also associated
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Table 1 Descriptive data of the study population in comparison to all other participants in the recruitment cohort

Swedish BioFINDER study,
cognitively healthy cohort

MDCS, re-examination

participants (n = 3,416), Group difference,

(n =318), mean = SD or n (%) mean £ SD or n (%) p value
Baseline data (1991-1994)
Age at baseline, y 54+47 57 £5.7 <0.0001
Women 192 (60) 2,020 (59) 0.66
Triglycerides, mmol/L 1.22+0.69 1.31+£0.72 0.03
Cholesterol, mmol/L 6.09 + 1.03 6.14+1.08 0.41
HDL, mmol/L 1.46 + 0.37° 1.40+0.37 0.01
LDL, mmol/L 4.08 £ 0.93% 4.14 £0.98 0.29
APOE ¢4 carrier 87 (28)? NA NA
Education, y 12+3.6 NA NA
Intima-media thickness, CCA, mm 0.73+0.13° 0.75+0.14 0.005
Systolic blood pressure, mm Hg 133 +£15.8 139+ 18.1 <0.0001
Diastolic blood pressure, mm Hg 84+84 86+9.2 <0.0001
Fasting blood glucose, mmol/L 4.88+0.72° 5.04 +1.03 0.006
Body mass index, kg/m? 24.8 +3.50 25.5+3.71 0.002
Cardiovascular disease 1(0.3)° 98 (3.0) 0.006
Never smoker 130 (41 )b 1,402 (42) 0.66
Physical activity score 8,645 + 5,734¢ 8,084 + 5,728 0.10
Lipid-lowering medication 3(0.9) 67 (2.0) 0.20
Follow-up data (2010-2015)

Age at MDCS re-examination, y 71+4.8 73+5.6 <0.0001
Lipid-lowering medication 79 (25) 1,050 (31) 0.03
Age at entry to BioFINDER study, y 73+5.1 NA NA
CSF AB42 <500, pg/mL 73 (23) NA NA
CSF ABg4/p-tau ratio <7.7 51(16) NA NA
Years between baseline visit and LP 20+1.6 NA NA
AP PET score >1.42 (SUVR) 25(19)¢ NA NA
Years between baseline visit and PET 21 +0.9¢ NA NA

Abbreviations: AR = B-amyloid; CCA = common carotid artery; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LP = lumbar puncture; MDCS =
Malmo Diet and Cancer Study; NA = not available; p-tau = phosphorylated tau; SUVR = standard uptake volume ratio.
The study population was recruited from the MDCS re-examination cohort (n = 3,734). Characteristics between the included cases (n = 318) and those who
were not included (n = 3,416) are compared. Group differences were estimated with independent samples t test (numeric variables) and Pearson 2
(categorical variables). Data collected in the Swedish BioFINDER study were not available in the other MDCS participants (marked as NA).

@ Data on 315 participants.
® Data on 317 participants.
¢ Data on 316 participants.
4 Data on 314 participants.
¢ Data on 134 participants.

with abnormal Ap,,/p-tau ratio in models 1 and 4, but the
significance level was somewhat attenuated in models 2 and 3
(table 2). HDL was not associated with the measured CSF
biomarkers (table 2).

Neurology | Volume 90, Number 1 | January 2, 2018

Baseline lipid levels and abnormal AB PET
imaging 21 years later

In the subpopulation with available A PET data (n = 134),
higher triglyceride levels were associated with abnormal Ap
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Table 2 Associations between midlife lipids and brain -amyloid (AB) 20 years later in cognitively normal individuals

Abnormal AB,, Abnormal AB,,/p-tau Abnormal AB PET?

OR (95% Cl) p Value R? OR (95% CI) p Value R? OR (95% Cl) p Value R?
Model 1
Triglycerides 1.39 (1.08-1.79) 0.010 0.03 1.54(1.17-2.03) 0.002 0.08 1.80 (1.13-2.86) 0.013 0.11
Cholesterol NS 1.49 (1.10-2.01) 0.010 0.07 1.49 (0.99-2.24) 0.059 0.04
HDL NS NS 0.59 (0.34-1.03) 0.061 0.08
LDL NS 1.49 (1.10-2.01) 0.010 0.07 1.45 (0.97-2.15) 0.067 0.04
Model 2
Triglycerides 1.40 (1.08-1.81) 0.012 0.25 1.53(1.15-2.02) 0.003 0.25 1.75 (1.07-2.84) 0.025 0.22
Cholesterol NS 1.40 (1.00-1.95) 0.049 0.23 NS
HDL NS NS 0.61 (0.34-1.09) 0.096 0.23
LDL NS 1.38(0.99-1.92) 0.057 0.23 NS
Model 3
Triglycerides 1.41 (1.08-1.84) 0.011 0.25 1.53(1.16-2.03) 0.003 0.25 1.75 (1.07-2.84) 0.025 0.22
Cholesterol NS 1.41(1.01-1.97) 0.044 0.23 NS
HDL NS NS 0.61 (0.34-1.09) 0.096 0.23
LDL NS 1.39 (1.00-1.93) 0.053 0.23 NS
Model 4
Triglycerides 1.34 (1.03-1.75) 0.029 0.25 1.46 (1.10-1.93) 0.009 0.25 NS
Cholesterol NS 1.44 (1.03-2.02) 0.035 0.24 NS
HDL NS NS NS
LDL NS 1.45 (1.04-2.02) 0.030 0.24 NS

Abbreviations: Cl = confidence interval; HDL = high-density lipoprotein; LDL = low-density lipoprotein; NS = not significant; OR = odds ratio; p-tau =
phosphorylated tau.

ORand 95% Cl are per 1 SD increase in lipid concentration. Associations were assessed using logistic regression models with backward elimination, removing
variables with p value >0.10 from the analysis. R? represents Nagelkerke R? model summary. Model 1: age; model 2: age, sex, APOE ¢4, and education; model 3:
age, sex, APOE &4, education, intima-media thickness, systolic blood pressure, fasting blood glucose, and body mass index; model 4: age, sex, APOE ¢4,
education, intima-media thickness, systolic blood pressure, fasting blood glucose, body mass index, cardiovascular disease, smoking, physical activity, and

lipid-lowering medication (at follow-up).
2 Data on 134 participants.

PET 21 years later in models 1 through 3 (table 2). The
association was attenuated and did not reach significance in
model 4. Cholesterol, HDL, and LDL were not significantly
associated with abnormal AB PET (table 2).

Baseline lipoprotein subfractions and
abnormal AB PET imaging 21 years later

We further analyzed different lipoprotein subfractions
in blood (n = 117) and found that medium and large LDL
were significantly associated with abnormal A PET in mul-
tivariable regression models (table 3). Large HDL indicated
decreased risk of AP pathology (table 3). Small HDL and very
small LDL were associated with increased risk in models 1
through 3, but not in model 4 (table 3). Intermediate-density
lipoproteins and VLDL particles were not associated with Af
PET (table 3).

Neurology.org/N

Baseline lipid levels and WMLs in the brain 20
years later

Next, we analyzed the associations between midlife lipid levels
and the presence of small-vessel brain disease quantified as
WML volume using MRIL None of the measured lipids was
associated with WML volume in the multivariable linear re-
gression models (p > 0.05).

Discussion

In this longitudinal study of 318 elderly individuals with normal
cognition, we found that higher fasting triglyceride levels in
midlife were associated with increased risk of brain AP and tau
pathology 20 years later. This finding was independent of age,
sex, APOE €4, and vascular risk factors. In the subpopulation
with available AR PET (n = 134), the association was attenuated
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Table 3 Associations between lipoprotein subfractions in midlife and brain B-amyloid (AB) 20 years later in 117 cognitively normal individuals

Abnormal AB PET: Model 1

Abnormal AB PET: Model 2

Abnormal AB PET: Model 3

Abnormal AB PET: Model 4

OR (95% Cl) p Value R? OR (95% Cl) p Value R? OR (95% Cl) p Value R? OR (95% Cl) p Value R?
Small HDL (7.7-10.5 nm) 1.68 (1.10-2.57) 0.017 0.12 1.73 (1.05-2.85) 0.033 0.37 1.71 (1.01-2.91) 0.048 0.41 NS
Large HDL (10.5-14.5 nm) 0.40 (0.18-0.89)* 0.025 0.13 0.26 (0.09-0.74) 0.011 0.42 0.26 (0.09-0.74) 0.011 0.42 0.25 (0.08-0.74)° 0.013 0.49
Very small LDL (18.0-20.8 nm) 1.79 (1.18-2.72) 0.013 0.11 1.80 (1.10-2.94) 0.020 0.36 1.71 (1.03-2.84) 0.038 0.39 NS
Small LDL (20.8-21.4 nm) 1.57 (1.08-2.28) 0.017 0.08 1.54 (0.96-2.48) 0.073 0.33 NS 0.33 NS
Medium LDL (21.4-22.0 nm) 2.02 (1.28-3.20) 0.003 0.17 2.42 (1.35-4.33) 0.003 0.43 2.42 (1.35-4.33) 0.003 0.43 2.03(1.16-3.53) 0.013 0.45
Large LDL (22.0-23.3 nm) 1.97 (1.24-3.13) 0.004 0.17 2.03 (1.24-3.33) 0.003 0.42 1.96 (1.20-3.22) 0.008 0.44 2.12(1.25-3.61) 0.005 0.49
Small IDL (23.3-25.0 nm) 1.46 (0.97-2.18) 0.067 0.05 NS NS 0.33 NS
Large IDL (25.0-29.6 nm) NS 0.55 (0.30-1.01) 0.053 0.37 0.51 (0.27-0.96) 0.037 0.40 0.55 (0.29-1.03) 0.060 0.47
Small VLDL (29.6-33.5 nm) NS NS NS 0.33 NS
Medium VLDL (33.5-42.4 nm) NS NS NS 0.33 NS
Large VLDL (42.4-52.0 nm) 1.58 (0.96-2.56) 0.073 0.04 1.64 (0.93-2.88) 0.088 0.32 NS 0.33 NS

Abbreviations: CI = confidence interval; HDL = high-density lipoprotein; IDL = intermediate-density lipoprotein; LDL = low-density lipoprotein; NS = not significant; OR = odds ratio; VLDL = very-low-density lipoprotein.

OR and 95% Cl are per 1 SD increase in lipoprotein concentration. Associations were assessed using logistic regression models with backward elimination, removing variables with p value >0.10 from the analysis. R? represents
Nagelkerke R* model summary. Model 1: age; model 2: age, sex, APOE £4, and education; model 3: age, sex, APOE &4, education, intima-media thickness, systolic blood pressure, fasting blood glucose, and body mass index;
model 4: age, sex, APOE &4, education, intima-media thickness, systolic blood pressure, fasting blood glucose, body mass index, cardiovascular disease, smoking, physical activity, and lipid-lowering medication (at follow-up).

@ Decreased risk.
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and did not reach significance in model 4, where self-reported
variables were added to the analyses (table 2). Most previous
studies assessing lipid levels and AB accumulation were cross-
sectional®**** and longitudinal study designs are essential in
order to assess causality and to evaluate mechanisms that in-
fluence pathologic processes in the early stages.

Interestingly, in a recently published longitudinal study, only
dyslipidemia, among other midlife vascular risk factors, was
associated with cerebral AB deposition.'” Another recent
study showed that a cumulative number of midlife vascular
risk factors, including cholesterol levels, was associated with
AB PET.” These studies did not report triglyceride levels.
Longitudinal data from autopsy studies also suggest that
dyslipidemia may increase the risk of neuritic plaques, but the
results are inconsistent and over one-third of the participants
in these studies had a dementia diagnosis.** Since amyloid
deposition begins 10-20 years before the onset of cognitive
symptoms,® we specifically aimed to study individuals who
had not yet reached a state of cognitive impairment.

Several large studies indicate that increased midlife choles-
terol level is associated with a clinical diagnosis of AD and
#1233 However, it is still not completely understood
how dyslipidemia exerts its pathologic effect on AD
development.** To identify the processes involved in accu-
mulation and deposition of AP, early identification of disease-
modifying mechanisms may be necessary, and therefore
studies on presymptomatic stages of AD are important. In our
study, midlife cholesterol was associated with CSF AB,,/p-tau
ratio, which is a measure of combined AP and tau pathology
and may indicate more advanced AD pathology than CSF
APy, alone or AP PET. Even though our results were not
robust regarding all AP measures, our findings together with
previous studies® * may indicate that triglycerides are asso-
ciated with early AB accumulation and cholesterol is associ-
ated with later stages of the predementia phase of AD.

dementia.

The potential pathophysiologic effect of triglycerides on AP pa-
thology is unclear. Plasma triglyceride levels have been shown to
be increased prior to AP deposition in transgenic AD mouse
models, pointing at a direct association between triglycerides and
AB homeostasis.* Lipids may influence membrane fluidity,
which could directly affect secretase-mediated AB.** In vitro data
also suggest that lipids may have a direct effect on AP aggregation
kinetics.” Finally, triglyceride-rich lipoprotein particles in blood
may serve as A carriers.”® Thus, there are a multitude of po-
tential pathways through which midlife lipid concentrations
could influence the risk of developing cerebral 3-amyloidosis and
clinical AD, which warrants further research.

We found no associations between midlife lipid levels and
WML load in our study, which may indicate that the associ-
ation between triglycerides and A is not mediated through
hyperlipidemia being a vascular risk factor in general. Neither
did fasting blood glucose, as a measure of diabetic or pre-
diabetic status, attenuate the association between triglycerides

Neurology.org/N

and AD pathology. In any case, our data, along with data
derived from animal models,> suggest a direct relationship
between triglycerides and AD.

There is evidence indicating that lifestyle interventions lower
triglyceride levels through physical activity, diet control, and
weight  reduction.  Pharmacologic with
triglyceride-lowering effects include statins, fibrates, niacin,
and N-3 fatty acids.*”** So far, these treatments have mainly

been tested to reduce the risk of cardiovascular disease. If our

treatments

finding that increased triglyceride levels in midlife lead to an
increase in abnormal AP accumulation can be reproduced in
larger cohorts, it would be of great interest to initiate in-
tervention trials with triglyceride-lowering therapies in midlife
and study potential long-term reductions in AP as the main
outcome. If such treatments can decrease the risk of de-
veloping AD pathology, this could lead to significant health
improvements for millions of people.

Apart from the standard lipid analyses, different lipoprotein
subfractions may add new insights into the risk profiles of blood
lipids."" Because lipoproteins are heterogeneous in structure
and function,"”'* the different subfractions may have distinctive
characteristics in relation to AD development. In our study,
higher levels of medium and large LDL subfractions, but lower
levels of large HDL, were associated with Ap pathology. Since
neither standard HDL nor LDL were associated with AD pa-
thology in the study population, this may point towards an
added value of measuring lipoprotein subfractions in AD risk
assessments. However, these results are based on a smaller
population and are mainly explorative, and presented in order to
encourage further investigation. In previous studies, small HDL
particles have been shown to increase the risk of cardiovascular
disease, whereas larger subfractions of HDL seem to be pro-
tective.'” Interestingly, our findings indicate the same pattern of
association with AP as outcome. The effects of the different
LDL subfractions seem to be more diverse. One study found
that small- and medium-sized fractions of LDL have the most
atherogenic effect,'* whereas another study did not find that the
smallest LDL fractions were associated with increased risk of
cardiovascular disease."”® Since both cardiovascular disease and
AD seem to be attributable to the same vascular risk factors,
continued investigation of lipoprotein subfractions is of interest.

This study has potential limitations. Since we recruited our
cohort at the MDCS re-examination, only attendees were
eligible for inclusion. The participants included in the
present study were healthier than the majority of MDCS re-
examination attendees (table 1). This introduces selection
bias, where study participants are healthier than the general
population, which may lead to an underestimation of the
found associations. The results need to be replicated in
other and preferably larger cohorts, in order to establish the
association between midlife triglycerides and subsequent
AP accumulation. However, our sample size was consider-
ably larger than in previous studies assessing lipids and brain
AB.4,5,8,28—30
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Although we were able to adjust for many demographic
factors, not all possible confounders could be addressed.
However, we included the same control variables as previous
studies on lipids and brain A, generally adjusting for age,
sex, APOE ¢4, lipid-lowering treatment, and vascular risk
factors.®**° Cardiovascular disease was self-reported,
which possibly underestimates the true prevalence and
may be less reliable than other measures, e.g., medical di-
agnoses. We tried to compensate this by using other ob-
jective measures of cardiovascular pathologies, such as IMT,
which is a marker for atherosclerosis.””

Since we aimed to explore the potential added value of lipo-
protein subfractions apart from standard lipid analyses, multi-
ple testing was performed. This may lead to findings mainly due
to chance, and consequently our results regarding subfractions
ought to be interpreted with caution. Another weakness is that
lipid levels were only measured on one occasion in midlife, but
this approach is common in population-based settings.

Despite these limitations, the current study contributes
valuable new information. Strengths of the study include
a long follow-up period together with thorough adjustments
for both vascular risk factors and APOE €4 carrier status, as
well as direct analyses of AP pathology using both CSF and
PET. If our findings can be replicated, increased triglycerides
may be recognized as a modifiable and easily measured risk

factor for AD pathology.
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Study question

Can midlife serum lipid levels predict pathologic changes re-
lated to Alzheimer disease in cognitively normal elderly
subjects?

Summary answer

Increased triglyceride levels at midlife predicted the de-
velopment of B-amyloid (AB) and tau pathology (phosphor-
ylated tau [p-tau]) 20 years later.

What is known and what this paper adds

Lipid metabolism is central to the pathology of Alzheimer
disease, but clinical data on this relationship are inconsistent.
This study provides evidence that midlife lipid status is rel-
evant to early changes in key features of Alzheimer

pathology.

Participants and setting
The study examined 318 cognitively normal participants at
midlife (mean age 54 years) and 20 years later (mean age 73
years). Participants were recruited from the population-based
Malmé Diet and Cancer Study.

Design, size, and duration

Participants completed a baseline examination including
a questionnaire on health status and medication use,
a physical examination, and blood sampling. Reevaluation
20 years later consisted of cognitive testing, lumbar punc-
ture for CSF collection (n = 318), brain MRI of white matter
lesions (n = 304), and ['*F]flutemetamol PET for brain AP
imaging (n = 134). Multivariable regression models with
backward elimination (removal at p > 0.1) were performed and
4 models were constructed by adding covariates in a stepwise
manner to adjust for other risk factors.

Main results and the role of chance

AP abnormalities were identified in 20% of participants and
mixed AP/p-tau in 16%. There were significant associations
between higher triglycerides and abnormal CSF AB (model 4
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or Dr. Hansson
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Adjusted OR (95% Cl) for association with triglycerides

Model Abnormal AB Abnormal AB/p-tau Abnormal AB PET
1 1.39(1.08-1.79) 1.54 (1.17-2.03) 1.80(1.13-2.86)

2 1.40(1.08-1.81) 1.53(1.15-2.02) 1.75(1.07-2.84

3 1.41(1.08-1.84) 1.53(1.16-2.03) 1.75(1.07-2.84)

4 1.34(1.03-1.75) 1.46 (1.10-1.93) ns

Abbreviations: AB = B-amyloid; CI = confidence interval; NS = not significant;
OR = odds ratio; p-tau = phosphorylated tau.

adjusted odds ratio [OR] 1.34, 95% confidence interval [CI]
1.03-1.75) and abnormal CSF AB/p-tau (model 4 adjusted
OR 146, 95% CI 1.10-1.93) in all models. An association
between higher triglycerides and abnormal Ap PET was sig-
nificant, except in model 4 (model 3 adjusted OR 1.75,95% CI
1.07-2.84). An analysis of lipoprotein subfractions in blood
revealed that higher medium and large low-density lipoprotein
subfractions were associated with abnormal AR PET (OR 2.03,
95% CI 1.16-3.53 and OR 2.12, 95% CI 1.25-3.61, re-
spectively), whereas higher large high-density lipoprotein
subfractions decreased the risk of abnormal AR PET (OR 0.25,
95% CI 0.08-0.74).

Bias, confounding, and other reasons

for caution

Participants were healthier compared to the overall Malmo
Diet and Cancer Study cohort. In addition, cardiovascular
disease was self-reported.

Generalizability to other populations
The results are generalizable to cognitively normal adults.
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