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Abstract

BACKGROUND: Emerging evidence suggests that a number
of factors can influence blood-based biomarker levels for
Alzheimer’s disease (AD) and Alzheimer’s related dementias
(ADRD). We examined the associations that demographic
and clinical characteristics have with AD/ADRD blood-based
biomarker levels in an observational continuation of a clinical
trial cohort of older individuals with type 2 diabetes and
overweight or obesity.

METHODS: Participants aged 45-76 years were randomized
to a 10-year Intensive Lifestyle Intervention (ILI) or a diabetes
support and education (DSE) condition. Stored baseline and
end of intervention (8-13 years later) plasma samples were
analyzed with the Quanterix Simoa HD-X Analyzer. Changes
in AB42, AB40, AB42/Ap40, ptaul8l, neurofilament light chain
(NfL), and glial fibrillary acidic protein (GFAP) were evaluated
in relation to randomization status, demographic, and clinical
characteristics.

RESULTS: In a sample of 779 participants from the Look
AHEAD cohort, we found significant associations between
blood-based biomarkers for AD/ADRD and 15 of 18
demographic (age, gender, race and ethnicity, education) and
clinical characteristics (APOE, depression, alcohol use, smoking,
body mass index, HbAlc, diabetes duration, diabetes treatment,
estimated glomerular filtration rate, hypertension, and history
of cardiovascular disease) .

CONCLUSIONS: Blood-based biomarkers of AD/ADRD are
influenced by common demographic and clinical characteristics.
These factors should be considered carefully when interpreting
these AD/ADRD blood biomarker values for clinical or research
purposes.
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Introduction

Izheimer’s disease (AD) blood-based
Abiomarkers have evolved rapidly over the last
decade with the development of more sensitive
technologies, such as single molecular array (SIMOA)
immunoassays, to more accurately measure biomarkers
of AD pathology (Ap42/Ap40 ratio and phosphorylated
tau at threonine 181 [ptaul81]), and neurodegeneration
(neurofilament light chain, [NfL] and glial fibrillary acidic
protein [GFAP]) (1-3). However, with the increasing
availability of blood biomarker assays for clinical use,
there is an urgent need to understand their utility in
large, heterogeneous populations. Several recent
studies have reported that multiple chronic conditions
can affect the interpretation of the blood biomarkers,
causing increases or decreases in levels due to peripheral
physiological factors such as obesity or renal function
(4-8). Understanding the impact of multiple chronic
conditions on AD biomarker levels in diverse populations
will inform their use and interpretation in clinical
settings.

The Action for Health in Diabetes (Look AHEAD)
MIND cohort provides an opportunity for a unique
contribution to this emerging body of literature in the
high AD and Alzheimer’s related dementia (ADRD)
risk group of persons with type 2 diabetes (T2D) (9).
Look AHEAD participants represent a diverse group of
individuals with T2D and overweight or obesity, who
were recruited from 16 sites across the US who were
randomized 1:1 to a lifestyle intervention vs. a control
condition (10). To date there have been few, if any, studies
that have comprehensively examined the AD/ADRD
blood-based biomarkers in this type of cohort. Also,
associations between diabetes duration and the AD/



ASSOCIATION BETWEEN MODIFIABLE RISK FACTORS AND LEVELS OF BLOOD-BASED BIOMARKERS

Figure 1. Look AHEAD Timeline
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ADRD blood-based biomarkers are not known. Herein
we present descriptive data on baseline levels of A342,
AP40, Ap42/Ap40, ptaul8l, NfL, and GFAP, and factors
associated with their levels, as well as change over time
from baseline to the end of the intervention.

Methods

Study design

Look AHEAD was a randomized controlled clinical
trial of participants with T2D and overweight or
obesity. The study design, methods (10), and CONSORT
diagram (11) for Look AHEAD have been published
previously. The trial was designed to determine whether
intentional weight loss for older adults with diabetes
and overweight/obesity provided health benefits. The
primary outcome of the trial was a composite of fatal
and major not-fatal cardiovascular events. Eligibility
criteria required that participants have body mass index
(BMI) >25 kg/m? (=27 kg/m? if on insulin), glycated
hemoglobin (HbAlc) <11%, systolic/diastolic blood
pressure <160/100 mmHg, and triglycerides <600 mg/
dl. Participants were required to demonstrate over a two-
week run-in period, the ability to make a daily record of
their diet and physical activity. A behavioral psychologist
or interventionist met with each participant to confirm
that the intervention requirements were understood and
that participants did not have competing life stressors
that would impair adherence to the protocol. Enrollment
spanned 2001 to 2004. The study was halted in September
2012 for futility with respect to the primary outcome and
follow-up has continued as an observational study (see
timeline, Figure 1). Local Institutional Review Boards
approved the protocols and all participants provided
written informed consent.

Setting, Participants, and Intervention

Participants (n=5,145) aged 45-76 years were
recruited from 16 sites across the United States and
were randomized to either an Intensive Lifestyle
Intervention (ILI) or a Diabetes Support and Education
(DSE) condition. The ILI was a multidomain intervention
including dietary modification and physical activity
with a goal of inducing an average of >7% weight loss
at one year and maintenance of weight loss over the
course of the study (12). Participants in the ILI arm had
a daily calorie goal of 1200 to 1800 kcal based on initial
weight. The diet specified <30% total calories from fat
(<10% saturated fat) and a minimum of 15% total calories
from protein. The physical activity goal was similar in
intensity to brisk walking for at least 175 minutes per
week. The participants randomized to the DSE condition
were invited, but not required, to attend three yearly
group sessions. These sessions focused on diet, physical
activity, and social support (13). There were no specific
instructions or goals for weight loss, physical activity,
or dietary modification. The current analyses include
those who participated in blood draws at baseline and in
2010-2013 participated in cognitive interviews. Preference
for inclusion was given to those who also participated
in a brain MRI ancillary study. Compared to those
included in the study, participants who were not included
were younger, more were women, and more often self-
identified as American Indian/Native American/Alaskan
Native or Hispanic. Excluded participants had higher
levels of education, higher baseline BMI, and fewer had a
baseline history of cardiovascular disease (CVD), as seen
in Supplemental Table 1.
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Table 1. Baseline Characteristics of Participants by Randomization Group

Characteristic Total (n= 779) DSE (n= 383) ILI (n= 396) P-value
Age, mean + SD, years 61.4+6.2 61.3+6.3 61.5+6.0 0.63
Gender, No. (%) Women 438 (56.2%) 219 (57.2%) 219 (55.3%) 0.60
Race, No. (%) 0.65

African American / Black (not Hispanic) 130 (16.7%) 62 (16.2%) 68 (17.2%)

American Indian / Native American / Alaskan Native 16 (2.1%) 9 (2.3%) 7 (1.8%)

Asian /Pacific Islander 6 (0.8%) 1(0.3%) 5(1.3%)

Hispanic 97 (12.5%) 48 (12.5%) 49 (12.4%)

Other/Mixed 14 (1.8%) 8(2.1%) 6 (1.5%)

White 516 (66.2%) 255 (66.6%) 261 (65.9%)
Years of Education, No. (%) 0.28

<13 years 199 (25.5%) 88 (23.0%) 111 (28.0%)

13 - 16 years 269 (34.5%) 134 (35.0%) 135 (34.1%)

> 16 years 288 (37.0%) 148 (38.6%) 140 (35.4%)

Missing 23 (3.0%) 13 (3.4%) 10 (2.5%)
APOE ¢4 carrier status, No. (%) 151 (22.8%) 67 (21.1%) 84 (24.3%) 0.33
Beck Depression Inventory = 10, No. (%) 129 (16.7%) 61 (16.1%) 68 (17.2%) 0.68
Beck Depression Inventory > 24, No. (%) 5 (0.6%) 3 (0.8%) 2 (0.5%) 0.62
Antidepressant Medication, No. (%) 115 (15.1%) 52 (14.0%) 63 (16.2%) 0.41
Baseline Alcohol Consumption, No. (%) 0.70

None 523 (67.1%) 252 (65.8%) 271 (68.4%)

<21 o0z/wk 154 (19.8%) 80 (20.9%) 74 (18.7%)

>21 oz/wk 102 (13.1%) 51 (13.3%) 51 (12.9%)
Baseline Smoking, No. (%) 22 (2.8%) 8(2.1%) 14 (3.6%) 0.40
Body Mass Index, mean + SD, kg/m? 34.8+5.3 35.0+5.3 34.6 +£5.2 0.24
Body Mass Index, No. (%) 0.38

<30 kg/m? 149 (19.1%) 69 (18.0%) 80 (20.2%)

30-39 kg/m?2 509 (65.3%) 248 (64.8%) 261 (65.9%)

40+ kg/m? 121 (15.5%) 66 (17.2%) 55 (13.9%)
Diabetes Duration, No. (%) 5+ yrs 441 (57.2%) 217 (57.3%) 224 (57.1%) 0.98
HbA1lc %, mean + SD 72+1.1 72+12 72+1.1 0.82
HbA1lc, No. (%) 0.38

<7% 366 (47.0%) 185 (48.3%) 181 (45.7%)

7-9% 355 (45.6%) 166 (43.3%) 189 (47.7%)

>9% 58 (7.4%) 32 (8.4%) 26 (6.6%)
Baseline Diabetes Treatment, No. (%) 0.98

No Meds 105 (13.6%) 52 (13.7%) 53 (13.5%)

Oral Meds, No insulin 553 (71.5%) 270 (71.2%) 283 (71.8%)

Oral Meds + Insulin 115 (14.9%) 57 (15.0%) 58 (14.7%)
Baseline Peripheral Neuropathy, No. (%) 123 (15.8%) 48 (12.5%) 75 (18.9%) 0.01
eGFR <=60 29 (4.0%) 18 (5.1%) 11 (3.0%) 0.33
eGFR 60-90 292 (40.6%) 139 (39.4%) 153 (41.8%)
eGFR>=90 398 (55.4%) 196 (55.5%) 202 (55.2%)
Baseline Hypertension, No. (%) 651 (83.6%) 321 (83.8%) 330 (83.3%) 0.86
Baseline Dyslipidemia, No. (%) 697 (89.5%) 342 (89.3%) 355 (89.6%) 0.87
Baseline CVD History, No. (%) 130 (16.7%) 63 (16.4%) 67 (16.9%) 0.86
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Table 1 (continued). Baseline Characteristics of Participants by Randomization Group

Characteristic

Baseline

AB-40, mean + SD, pug/DL
AB-42, mean + SD, ug/DL
AB-42/40, mean + SD, pg/DL
GFAP, mean + SD, pug/DL
NfL, mean + SD, ug/DL
pTau-181, mean + SD, pg/DL
Years 8-13

AB-40, mean + SD, ug/DL
AB-42, mean + SD, pug/DL
AB-42/40, mean + SD, ug/DL
GFAP, mean + SD, pg/DL
NfL, mean + SD, pg/DL
pTau-181, mean + SD, ug/DL

Total (n= 779) DSE (n= 383) ILI (n= 396) P-value
66.7 £19.5 67.0 £20.9 66.5+18.0 0.14
49+14 49+14 48+14 0.12
0.1+£0.0 0.1+£0.0 0.1+£0.0 0.60
93.3 +40.5 92.5+39.7 94.0 +41.4 0.88
13.8+£6.5 14.3+7.3 134 +5.5 0.68
©).2 4 5l 9.1l 2 5,0 94+52 0.20
N=770 N=377 N=393
89.3+34.8 91.1 £36.2 87.4+33.2 0.77
6.0+£23 6.1+23 59423 0.25
0.1+0.0 0.1+0.3 0.1+0.0 0.96
153.1 +74.7 152.7 £71.3 153.5 +77.9 0.62
25.1+18.7 249 +18.1 254+19.3 0.07
OIGEE15 9753 10.2 +5.6 0.47

Abbreviations A, Amyloid beta; APOE &4, Apolipoprotein E gene, €4 carrier status; CVD, cardiovascular disease; DSE, diabetes support and education; GFAP, glial
fibrillary acidic protein; eGFR, estimated glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; IL, intensive lifestyle intervention; kg/m?, kilogram per square
meter; Meds, medications; NfL, neurofilament light chain; oz, ounces; SD, standard deviation, Trt, treatment; ug/DL, microgram per deciliter; wk, week; Yrs, years

Biomarkers

Blood samples were drawn at baseline and proximal
to the end of the intervention, approximately 8-13 years
later. All assays were performed using EDTA plasma
samples stored at Medpace Reference Laboratories,
Cincinnati, OH. Concentrations of ApB42, Ap40, GFAP,
and NfL were measured using the Simoa Human
Neurology 4-Plex E Advantage Kit on a Quanterix Simoa
HD-X bead-based immunoassay analyzer (Quanterix
Corporation, Billerica, MA). The determination of the
concentration of the pTau-181 was performed using the
Simoa pTau-181 V2 Advantage kit. For all assays, within-
run coefficients of variation (CVs) ranged from 3-19% and
between-run CVs ranged from 6-13%. Biomarkers were
converted to z-scores using baseline sample means and
standard deviations for comparability.

Baseline demographic and clinical

characteristics

Demographic characteristics were collected at baseline
and included age; self-identified gender, race, and
ethnicity; years of education; alcohol use; and smoking
status. Participants provided self-reports of clinical
characteristics including the duration of their diabetes,
type of diabetes treatment (diet, oral medications, oral
medications and insulin), hypertension, high cholesterol,
history of CVD (including MI, heart bypass surgery,
coronary artery bypass graft, carotid endarterectomy,
lower leg angioplasty, aortic aneurysm, congestive
heart failure, or stroke), peripheral neuropathy, and
use of antidepressants. Additional variables measured
at baseline included BMI, systolic and diastolic blood
pressure, and depressive symptoms (Beck Depression

Inventory, BDI (14)). Blood specimens were analyzed
centrally at the Northwest Lipid Metabolism and Diabetes
Research Laboratories at the University of Washington
for HbAlc and creatinine. Estimated glomerular filtration
rate (eGFR) was calculated. APOE ¢4 carrier status was
determined for participants who provided consent (80%
of women versus 86% of men, p<0.001), using TagMan
genotyping (rs7412 and rs429358) (15).

Statistical Methods

Demographic and clinical characteristics of the
sample were compared by intervention assignment.
Continuous variables were evaluated using t-tests
and categorical variables were evaluated with x? tests.
Spearman correlations between individual biomarkers
at baseline and change from baseline to the end of the
intervention were calculated. Spearman correlations
were also calculated for associations between each of
the biomarkers and age, BMI, and diabetes duration
at baseline and for change between these two times.
For each characteristic, we evaluated associations with
biomarker levels at baseline and change from baseline to
the end of the intervention, adjusted for age and gender
using linear regression models. We present these data
in two ways, forest plots with each individual measure
compared to a ‘standard’ referent category that most
resembles existing biomarker studies, and in tables
where the least squares means are reported without fixed
reference categories.

Results

There were 779 participants (383 DSE and 396 ILI)
with available blood samples and cognitive data for this
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analysis. Baseline characteristics are shown in Table 1.
The mean (standard deviation [SD]) age was 61.4 (6.2);
438 (56.2%) were women; 199 (25.5%) had education <13
years; 130 (16.7%) were African American; and 97 (12.5%)
identified as Hispanic. Mean +SD BMI at baseline was
34.8 5.3 kg/m?2; 441 (57.2%) had diabetes for at least 5
years; and 668 (86.4%) were taking a diabetes medication.
The only difference between randomization groups
included in this analysis was in baseline peripheral
neuropathy: more participants in the ILI group reported
baseline peripheral neuropathy than among those in
the DSE group (18.9% vs 12.5%, p=0.01). There were no
significant randomization group differences in either
baseline or end of intervention levels of blood-based
biomarkers (data not shown), thus subsequent analyses of
biomarkers were not stratified by intervention arm.

Spearman correlations between unadjusted plasma
biomarker levels at baseline and change are shown in
Tables 2a and 2b. At baseline, all biomarkers significantly
correlated with each other, with two exceptions: the
AP42/40 ratio only correlated with Ap42 and Ap40;
and ptaul81 and GFAP were not correlated. Next, we
examined correlations between change in biomarker
levels from baseline to the end of the intervention (Table
2b); nearly all biomarkers correlated, except for pTaul8l
or GFAP with Ap42/40.

Table 2a. Spearman Correlations between Biomarkers at
Baseline

Correlation Coefficient
Prob > |r| under H;: Rho=0
Number of Observations
AB42  AB40  AB42/40 pTaul8l NfL  GFAP
ApB42 1.000
743
AP40 0.794 1.000
<.0001 -
743 768
AB42/40 0452  -0.086  1.000
<.0001 0.019 -
742 742 743
pTaul8l 0.094 0.132 0.032 1.000
0.011 0.0002 0.387 -
742 767 742 769
NfL 0.259 0.318 -0.069 0.165 1.000
<.0001 <.0001 0.060 <.0001 -
743 768 743 769 770
GFAP 0.235 0.302 -0.015 0.057 0.401 1.000
<.0001 <.0001 0.676 0.118 <.0001
742 767 742 768 769 769

We then examined correlations between baseline
biomarker levels and baseline values of age, BMI, and
diabetes duration; we also examined correlations between
these variables and longitudinal change in biomarker
levels (Table 3). At baseline, Ap42, Ap40, NfL and GFAP
positively correlated with age; Ap42/40, NfL, and GFAP
were inversely correlated with baseline BMI; and diabetes
duration positively correlated with NfL. Change in NfL
and GFAP positively correlated with age, while change in
AP42/40 negatively correlated with age.

Table 2b. Spearman Correlations between Biomarker
Change from Baseline to End of the Intervention

Correlation Coefficient
Prob > Ir| under H;: Rho=0
Number of Observations
Ap42 AB40  AB42/40 pTaul8l  NfL GFAP
Ap42 1.000
730
AP40 0.879 1.000
<.0001 -
730 760
ApB42/40 0.112 -0.284 1.000
0.003 <.0001 -
728 728 728
pTaul81 0.142 0.147 0.013 1.000
0.0001 <.0001 0.738 -759
728 758 726
NfL 0.228 0.257 -0.103 0.127 1.000
<.0001 <.0001 0.005 0.001 -
730 760 728 759 761
GFAP 0.252 0.269 -0.051 0.134 0.487 1.000
<.0001 <.0001 0.166 0.0002 <.0001 =
729 759 727 758 760 760

In Figures 2a and 2b, forest plots depict the associations
between each biomarker by age groups (45-55, 56-65,
65-76). Both AB42 and AP40 levels differed significantly
among age groups at baseline and change over time
with higher biomarker levels in older age groups at
baseline and greater increases in biomarker levels over
time among the youngest and oldest age groups. Age
group was not significantly associated with Ap42/40
ratio at baseline, but it was associated with change in
AP42/40 ratio from baseline to years 8-13 (p<0.001).
Figure 2b shows no significant differences in pTaul81 by
age groups at baseline, but significant differences by age
group emerged when considering change from baseline
(p=0.005). NfL and GFAP demonstrated significant
associations with age groups at baseline and change (all
p<0.05).

Figure 3a and 3b show forest plots of each biomarker
by gender at baseline and change. Women had
significantly lower levels of AB40 compared to men
(p=0.02) at baseline. Women had lower NfL levels
compared to men at baseline and change (all p<0.05).
However, women had higher levels of GFAP at baseline
(p=0.009; Figure 3Db).

Given the effect of age and gender on biomarker
levels, subsequent analyses were adjusted for these
demographics. Results are presented two ways: 1)
visually for baseline and change values (from baseline
to end of intervention) as forest plots (Figures 4-9) with
comparisons to a common reference category set at zero;
and 2) as tables in which least squares means of the
z-scores are reported without reference categories and
including baseline and change from baseline to the end of
the intervention (Tables 4-9).
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Figure 2a. Ap42, Ap40 and AB42/40 Levels by Age Groups: Baseline and Change over 8-13 years

AB Form Time Period ~ Age Group Estimate £ SE  p-value
AB 42 Baseline Age 45 -55 —— -0.41+0.09
Age 56 - 65 —— -0.003 £0.05 <0.0001
Age 66 - 76 — 0.274 £ 0.08
Change Age45-55 e 1.195+0.14
Age 56 - 65 i 0.681 £ 0.07 0.003
Age 66 - 76 A 0.912+0.11
A 40 Baseline  Age 45-55 e -0.535 £0.09
Age 56 - 65 —®— 0.005£0.04  <0.0001
Age 66 - 76 i 0.353 £ 0.07
Change  Age 45-55 G 1331+£0.16
Age 56 - 65 e 1.033 £ 0.08 0.02
Age 66 - 76 1 14311013
AB 42/40 Baseline Age45-55 e 0.044 £ 0.18
Age 56 - 65 —— 0.003 £ 0.09 0.81
Age 66 - 76 A -0.036 +0.15
Change Age 45-55 A -0.068 +0.15
Age 56 - 65 o -0.26 £ 0.07 <0.001
Age 66 - 76 e -0.4810.12
-1.700 -1.200 -0.700 -0.200 0.300 0.800 1.300 1.800 2.300 2.800

Figure 2b. pTaul81, NfL, and GFAP Levels by Age Groups: Baseline and Change over 8-13 years

Assay Time Period Age Group Estimate + SE  p-value
pTaul8l Baseline Age45-55 —— -0.059 £ 0.09
Age 56 - 65 —a— 0.007 £ 0.05 0.77
Age 66 - 76 i 0.022 +0.08
Change Age45-55 e 0.479+0.12
Age 56 - 65 —e—i 0.094 +0.06  0.005
Age 66 - 76 A 0.016 £0.19
NfL Baseline Age 45 - 55 e -0.48 + 0.09
Age 56 - 65 —— -0.011£0.04 <0.0001
Age 66 - 76 i 0.365 £0.07
Change Age45-55 L 2 1.625+0.23
Age 56 - 65 A 1.596 £0.12 0.05
Age 66 - 76 ® 2.1570.2
GFAP Baseline Age 45 -55 ——@—— -0.568 £ 0.09
Age 56 - 65 — 8 -0.041£0.04 <0.0001
Age 66 - 76 i 0.51+0.07
Change Age45-55 A 1.247 £0.12
Age 56 - 65 i 1.399+0.06 <0.0001
Age 66 - 76 A 1.90810.1
-1.600 -0.600 0.400 1.400 2.400 3.400
Ap42 elevated baseline HbAlc levels (=7%) had lower baseline

levels of Ap42 (p=0.002) and a greater increase over time

Ap42 levels differed by race and ethnicity in change (p=0.004). Participants with lower eGFR had higher

from baseline (p=0.007); Hispanic and Black participants levels of A342 at baseline (p<0.0001). Hypertension

had lower levels of change than White or other/ at baseline was associated with higher AB42 levels

mixed race participants (Table 4 and Figure 4). Never (p=0.0002). Those with a history of CVD at baseline had

smokers had the lowest increase in AB42 levels (p=0.004) greater increase in AB42 over time than those without a
compared to past or current smokers. Participants with baseline history of CVD (p=0.021).
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AR Form  Time Period Gender Estimate £ SE  p-value
Apaz Baseline Women —— -0.004+0.05 09
Men e 0.005 ¢ 0.06
Change Women ——— 0.851:0.07 042
Men ——— 0.761+0.08
AB4O Baseline  Women e -0.073£0.05 0.02
Men e 0.093¢0.05
Change Women . — 1.205+0.08 051
Men 4 —————i 1121101
AB42/40 Baseline  Women vooe 0.024£0.05 0.46
Men —6e— -0.03 ¢ 0.06
Change Women L 1 -0.242£0.04 014
Men —e— -0.331£0.05
-1 0.5 0 05 1 15
Assay Time Period  Gender Estimate + SE  p-value
pTaul8l Basedine Women —— -0.02640.05 041
Men . i 0.03410.05
Change ‘Women —— 0119006 066
Man —6— 0.16£0.07
NfL Basefine Women  +—@—3 0.086+0.05 0.007
Men ——i 0.11£0.05
Change Women —_— 1.56£0.12 0.05
Men —_—A 1932014
GFAP Baseline ‘Women e 0.083+0.05 0.009
Men ——d -0.10610.05
Change ‘Women [ | 1.54£0.07 0.24
Men i 1.42£0.07
1 -05 0 05 1 15 2 25 3
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Table 3. Spearman Correlations between Biomarkers, Age, BMI, and Diabetes Duration at Baseline, and Change from

Baseline to the End of the Intervention

Baseline Biomarkers  Baseline Baseline Diabetes
Age BMI Duration

Ap42 0.211 -0.063 0.066
<.0001 0.084 0.074

743 743 735
Ap40 0.293 -0.058 0.064
<.0001 0.110 0.080

768 768 760
AB42/40 -0.051 -0.100 0.002
0.168 0.007 0.957

743 743 734
pTaul8l 0.023 0.021 0.025
0.522 0.561 0.488

769 769 761
NfL 0.369 -0.166 0.233

<0.0001 <0.001 <.0001

770 770 762
GFAP 0.404 -0.211 0.057
<0.001 <0.001 0.119

769 769 761

Correlation Coefficient
Prob > |r| under H: Rho=0
Number of Observations

Baseline and Change from Baseline to End of Intervention

Change Baseline Baseline Diabetes
Age BMI Duration

Ap42 -0.065 0.048 0.026
0.081 0.199 0.494

730 730 722
Ap40 0.037 0.065 0.040
0.313 0.075 0.278

760 760 752
AB42/40 -0.200 0.010 -0.055
<.0001 0.784 0.143

728 728 720
pTaul8l -0.061 -0.035 -0.001
0.096 0.337 0.977

759 759 751
NfL 0.150 -0.018 0.003
<.0001 0.630 0.928

761 761 753
GFAP 0.203 -0.059 0.047
<.0001 0.104 0.196

760 760 752

AB40

White participants and those reporting other/mixed
race and ethnicity had higher AB40 levels than Black or
Hispanic participants at baseline (p=0.018); and greater
increases from baseline (p=0.003) (Table 5 and Figure
5). Participants who never smoked had had less of an
increase in AB40 over time (p=0.008) than past or current
smokers. Participants with HbAlc levels >7% had lower
AP40 levels at baseline (p=0.002) and a greater increase
over time (p=0.025). Participants with lower baseline
eGFR had higher levels of AB40 (p<0.0001) at baseline
compared to those with higher eGFR. Participants with
hypertension at baseline had higher levels of AB40 at
baseline than those without hypertension (p=0.004);
participants with a baseline history of CVD had a greater
increase in AP40 levels than those without a baseline
history of CVD (p=0.009).

AB42/40

At baseline, Black participants had a higher A342/40
ratio compared to White participants and those reporting
other/mixed race (p=0.029) (Table 6 and Figure 6).
APOE ¢4 carriers had a lower Ap42/40 ratio at baseline
(p=0.003). Participants who had diabetes treated with
medications had a higher AB42/40 ratio compared to
those who were not treated with oral medications or

insulin (p=0.038). Higher eGFR was associated with a
lower AB42/40 ratio at baseline (p=0.018). Participants
who self-reported hypertension at baseline had greater
decrease in AB42/40 ratio compared to those who did not
(p=0.012).

plaul8i

At baseline, there were no significant associations
between any characteristic and ptaul81 levels, adjusting
for age and gender (Table 7 and Figure 7). In the time
from baseline to the end of the intervention, White
participants had the greatest increase in pTaul81 levels
over time compared to the other groups (p=0.0002).

NfL

Baseline NfL levels (Table 8 and Figure 8), adjusted for
age and gender, are associated with race and ethnicity,
with Black participants having the lowest NfL levels at
baseline (p=0.010). Participants who had diabetes <5
years at baseline had lower NfL levels than those who
had diabetes =5 years (p<0.0001). Participants with lower
HbA1c levels at baseline had less increase in NfL levels by
the end of the intervention (p=0.032). Participants who
treated their diabetes without medication had the lowest
NIfL levels at baseline (p=0.003). Lower eGFR levels were
associated with higher NfL levels at baseline (p<0.0001).
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Table 4. AB42 levels by individual baseline characteristics adjusted for age and gender

Baseline Change

Characteristic LS Mean Confidence Interval p-value LSMean  Confidence Interval  p-value
Black Race -0.074 (-0.252, 0.104) 0.399 0.638 (0.369, 0.907) 0.007
White Race 0.018 (-0.070, 0.105) 0.919 (0.786, 1.051)

Hispanic -0.075 (-0.277,0.127) 0.382 (0.077, 0.687)

Other /Mixed Race 0.209 (-0.111, 0.529) 1.039 (0.543,1.534)

Education < 13 years -0.048 (-0.189, 0.094) 0.327 0.707 (0.491, 0.923) 0.162
Education 13 - 16 years -0.047 (-0.168, 0.073) 0.966 (0.781, 1.150)

Education > 16 years 0.067 (-0.050, 0.184) 0.781 (0.603, 0.959)

No APOE &4 alleles 0.027 (-0.061, 0.116) 0.445 0.856 (0.722, 0.989) 0.461
APOE ¢4 + -0.046 (-0.211, 0.120) 0.748 (0.493, 1.002)

BDI < 10 0.017 (-0.060, 0.093) 0.245 0.797 (0.680, 0.914) 0.325
BDI =10 -0.100 (-0.280, 0.080) 0.947 (0.673, 1.220)

No Antidepressants 0.009 (-0.068, 0.087) 0.938 0.767 (0.649, 0.886) 0.136
Antidepressants 0.018 (-0.170, 0.205) 1.001 (0.719, 1.283)

No alcohol use -0.000 (-0.088, 0.087) 0.248 0.826 (0.692, 0.959) 0.276
Alcohol <21 oz /wk 0.089 (-0.070, 0.247) 0.660 (0.418, 0.902)

Alcohol =21 oz /wk -0.124 (-0.322, 0.074) 0.961 (0.660, 1.261)

Never Smoked 0.057 (-0.043, 0.156) 0.221 0.637 (0.485, 0.788) 0.004
Past Smoker -0.043 (-0.149, 0.063) 1.013 (0.852, 1.174)

Current Smoker -0.227 (-0.640, 0.185) 0.709 (0.088, 1.329)

BMI < 30 kg /m? 0.143 (-0.017, 0.304) 0.152 0.846 (0.600, 1.091) 0.880
BMI 30-39 kg/m? -0.035 (-0.122, 0.052) 0.791 (0.657, 0.924)

BMI 40+ kg/m? -0.027 (-0.208, 0.153) 0.853 (0.580, 1.127)

Diabetes < 5 years -0.036 (-0.145, 0.073) 0.317 0.738 (0.572, 0.905) 0.324
Diabetes 5+ years 0.038 (-0.056, 0.131) 0.849 (0.706, 0.992)

HbAlc< 7% 0.117 (0.015, 0.219) 0.002 0.647 (0.492, 0.803) 0.004
HbAlc =7% -0.104 (-0.201, -0.008) 0.960 (0.812, 1.108)

Diabetes Trt w/out Meds -0.142 (-0.336, 0.053) 0.163 0.528 (0.229, 0.827) 0.137
Diabetes Trt w/ Oral Meds, No Insulin 0.048 (-0.036, 0.131) 0.856 (0.730, 0.983)

Diabetes Trt w/ OM + Insulin -0.057 (-0.239, 0.125) 0.779 (0.501, 1.057)

No Peripheral Neuropathy 0.006 (-0.071, 0.083) 0.740 0.846 (0.728, 0.963) 0.150
Peripheral Neuropathy -0.027 (-0.204, 0.150) 0.630 (0.360, 0.899)

Baseline GFR < 60 0.742 (0.393, 1.092) <.0001 0.595 (0.046, 1.145) 0.542
Baseline GFR 60-90 0.238 (0.126, 0.350) 0.859 (0.682, 1.035)

Baseline GFR =90 -0.204 (-0.301, -0.106) 0.760 (0.606, 0.914)

No hypertension -0.308 (-0.485, -0.131) 0.0002 0.888 (0.614, 1.163) 0.549
Hypertension 0.059 (-0.017, 0.135) 0.797 (0.680, 0.914)

No Dyslipidemia -0.114 (-0.333, 0.105) 0.277 0.848 (0.512, 1.184) 0.820
Dyslipidemia 0.014 (-0.061, 0.088) 0.807 (0.693, 0.921)

No Hx of CVD -0.023 (-0.101, 0.054) 0.148 0.753 (0.634, 0.871) 0.021
Hx of CVD 0.120 (-0.057, 0.297) 1.101 (0.833, 1.369)

Each categorical group of characteristics was evaluated individually, controlling for age and gender. Significant associations are bolded; p-values are presented for each
group. Abbreviations: A3, Amyloid beta; APOE &4, Apolipoprotein E gene, €4 carrier status; BDI, Beck Depression Inventory; BMI, body mass index; CVD, cardiovascu-
lar disease; GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; kg/m? kilogram per meters squared; LDL, low density lipoprotein; LS, least-squares;
OM, oral medication; 0z, ounces; Trt, treatment; wk, week; w/, with; w/out, without; Yrs, years

GFAP

Lower GFAP levels (Table 9, Figure 9) were associated
with lower education levels at baseline (p=0.006). BDI
scores =10 were associated with lower GFAP levels at
baseline (p=0.001). Alcohol use at baseline =21 oz/week
was associated with higher GFAP levels at baseline
(p=0.019). Higher baseline BMI was associated with
lower GFAP levels at baseline (p=0.002). Participants

with baseline eGFR of 60-90 had the highest GFAP levels
at baseline (p=0.006). Finally, having a history of CVD
at baseline was associated with higher GFAP levels at
baseline (p=0.032).

Intervention

As noted above, there were no significant intervention
group differences at baseline in biomarker levels.
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Table 5. AB40 levels by individual baseline characteristics adjusted for age and gender

Baseline Change

Characteristic LSMean Confidence Interval p-value LS Mean Confidence Interval p-value
Black Race -0.119 (-0.290, 0.052) 0.018 0.869 (0.560, 1.178) 0.003
White Race 0.056 (-0.028, 0.140) 1.338 (1.186, 1.489)

Hispanic -0.218 (-0.408, -0.027) 0.739 (0.395, 1.082)
Other/Mixed Race 0.213 (-0.098, 0.525) 0.980 (0.402, 1.558)

Education < 13 years -0.065 (-0.200, 0.070) 0.447 1.079 (0.833, 1.325) 0.275
Education 13 - 16 years -0.022 (-0.137, 0.094) 1.319 (1.108, 1.530)

Education > 16 years 0.047 (-0.066, 0.159) 1.129 (0.924, 1.334)

No APOE &4 alleles 0.001 (-0.081, 0.084) 0.285 1.172 (1.018, 1.325) 0.893
APOE &4 + 0.095 (-0.056, 0.247) 1.194 (0.909, 1.479)

BDI< 10 0.015 (-0.059, 0.089) 0.430 1.168 (1.033, 1.303) 0.734
BDI =10 -0.061 (-0.233, 0.112) 1.227 (0.914, 1.541)

No Antidepressants 0.001 (-0.074, 0.077) 0.621 1.133 (0.997, 1.269) 0.282
Antidepressants 0.051 (-0.130, 0.232) 1.328 (1.002, 1.653)

No alcohol use -0.010 (-0.095, 0.074) 0.096 1.185 (1.032, 1.338) 0.386
Alcohol <21 oz /wk 0.126 (-0.027, 0.279) 1.014 (0.735, 1.293)

Alcohol 21 oz/wk -0.135 (-0.328, 0.058) 1.309 (0.958, 1.660)

Never Smoked 0.053 (-0.044, 0.149) 0.316 0.979 (0.805, 1.153) 0.008
Past Smoker -0.048 (-0.150, 0.054) 1.386 (1.201, 1.570)

Current Smoker -0.121 (-0.524, 0.282) 1.071 (0.345, 1.796)

BMI < 30 kg /m? 0.046 (-0.110, 0.202) 0.779 1.126 (0.844, 1.407) 0.585
BMI 30-39 kg /m? -0.016 (-0.100, 0.068) 1.144 (0.991, 1.297)

BMI 40+ kg /m? 0.011 (-0.162, 0.184) 1.318 (1.006, 1.630)

Diabetes < 5 years -0.068 (-0.172, 0.036) 0.087 1.072 (0.882, 1.262) 0.194
Diabetes 5+ years 0.053 (-0.037, 0.143) 1.239 (1.074, 1.403)

HbAlc<7% 0.113 (0.015, 0.212) 0.002 1.018 (0.839, 1.198) 0.025
HbAlc =7% -0.101 (-0.194, -0.008) 1.301 (1.132, 1.470)

Diabetes Trt w/out Meds -0.019 (-0.205, 0.168) 0.688 0.776 (0.438, 1.114) 0.053
Diabetes Trt w/ Oral Meds, No Insulin 0.023 (-0.057, 0.104) 1.231 (1.085, 1.376)

Diabetes Trt w/ OM + Insulin -0.058 (-0.234, 0.118) 1.151 (0.831, 1.471)

No Peripheral Neuropathy -0.002 (-0.076, 0.072) 0.910 1.198 (1.064, 1.333) 0.262
Peripheral Neuropathy 0.009 (-0.161, 0.179) 1.005 (0.695, 1.315)

Baseline GFR < 60 0.786 (0.448, 1.124) <.0001 1.006 (0.372, 1.639) 0.296
Baseline GFR 60-90 0.144 (0.037, 0.251) 1.263 (1.062, 1.464)

Baseline GFR =90 -0.141 (-0.234, -0.049) 1.059 (0.886, 1.232)

No hypertension -0.232 (-0.402, -0.062) 0.004 1.147 (0.835, 1.459) 0.886
Hypertension 0.044 (-0.030, 0.118) 1.172 (1.037, 1.307)

No Dyslipidemia -0.075 (-0.287, 0.136) 0.461 1.074 (0.687, 1.461) 0.615
Dyslipidemia 0.009 (-0.063, 0.080) 1.179 (1.049, 1.309)

No Hx of CVD -0.016 (-0.091, 0.059) 0.318 1.092 (0.956, 1.227) 0.009
Hx of CVD 0.079 (-0.090, 0.249) 1.541 (1.235, 1.847)

Each categorical group of characteristics was evaluated individually, controlling for age and gender. Significant associations are bolded; p-values are presented for
each group. Abbreviations: AP, Amyloid beta; APOE ¢4, Apolipoprotein E gene, ¢4 carrier status; BDI, Beck Depression Inventory; BMI, body mass index; CVD,
cardiovascular disease; GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; kg/m?, kilogram per meters squared; LDL, low density lipoprotein; LS,
least-squares; OM, oral medication; oz, ounces; Trt, treatment; wk, week; w/, with; w/out, without; Yrs, years
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Change in biomarker levels from baseline to the end of
the intervention also did not differ by intervention arm
(Table 1). Interactions between intervention arm and
age, gender, BMI, history of CVD, and APOE &4 carrier
status were tested. There was a significant interaction
between intervention group and age such that those over
age 65 at baseline and randomized to DSE had greater
increases in NfL than those under age 65. Those over age
65 at baseline and randomized to DSE also had a greater
increase in NfL than those in the ILI group who were
aged 65 or older. No other interactions by randomization
group emerged.

Figure 4. AP42 levels at baseline and change over 8-13
years
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Discussion

Blood-based AD biomarkers have complex associations
with each other, with age and gender, and with a number
of common conditions that are themselves risk factors
for dementia. Some of these conditions may influence
blood biomarker levels because they are risk factors
for AD whereas others may influence the biomarker
levels because they physiologically impact peripheral
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levels (4, 8). Most studies of blood-based AD biomarkers
conducted to date, have focused on relatively healthy and
homogenous populations which do not reflect the reality
of older populations with multiple chronic conditions
and cognitive impairment, who will be most likely to
have blood biomarker testing. There is an urgent need
to understand the impact of factors that may affect
the interpretation of the blood markers in the general
population, especially now that some of these biomarkers
are clinically available for use in forming diagnoses at the
population level. In this study, we examined associations
between AD-related plasma biomarkers (AB42, AB40,
Ap42/Ap40, pTaul8l, NfL, and GFAP) and common
conditions in older adults with T2D and overweight or
obesity. The cohort comprised clinical trial participants,
so we also evaluated the legacy effect of the intensive
lifestyle intervention on biomarker levels. Of the 18
factors tested, 15 had significant associations with at
least one of the AD blood-based biomarkers. We discuss
and place into context our results for each factor studied
below. We have chosen to focus on comparisons to
studies with similar methods, age ranges, and those
that mostly included participants who were cognitively
normal at their baseline assessment. See Supplemental
Table 2 for basic information on the comparison studies
including biomarker methods, biomarkers targeted,
sample size, age, and cognitive status.

Age

At baseline, AB42, ApB40, NfL, and GFAP were
positively associated with age. At the end of the
intervention, Ap42/Ap40 was inversely associated with
age, while NfL and GFAP were positively associated with
age. Our findings largely correspond with some, but not
all other studies. For example, the Mayo Clinic Study of
Aging (MCSA) showed higher levels of AB42 with older
ages (4); but the Health, Aging and Body Composition
Study (Health ABC) study found no association between
AP42 and age (16). MCSA also found increases in Ap40
levels with age, as did Health ABC (16) and the Systolic
Blood Pressure Intervention Trial (SPRINT) trial (5). In
the Australian Imaging, Biomarker & Lifestyle Flagship
Study of Aging (AIBL) (17), similar to our study, there
was no association between baseline AB42/ApB40 and age
whereas MCSA showed a negative association between
Ap42/Ap40 and age. We found no association between
pTaul81 and baseline age, but the AIBL study found
higher pTaul81 levels with older ages. Our NfL and
GFAP findings were more consistent with findings from
the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study (18), AIBL (17), the Austrian Stroke
Prevention Family Study (ASPS-Fam) (19), the National
Health and Nutrition Examination Survey (NHANES)
(20), and SPRINT (5), all showing higher NfL and GFAP
levels with increased age. Taken together, these findings
suggest that Ap42, Ap40, NfL, and GFAP levels increase
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with age. Relationships between AB42/Ap40, pTaul8l,
and age are less consistent at this time. Of note, one study
reported an increase of pTaul81 with age only among
individuals who were amyloid PET positive (8). Thus,
the relationship between pTaul81 and age may appear
stronger among cohorts who have a higher prevalence of
amyloid positivity.

Figure 5. AP40 levels at baseline and change over 8-13
years
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Gender

In the present study, women had lower levels of Ap40
than men at baseline. Our results corresponded with the
lower AP40 levels found in women in the UK Medical
Research Council (MRC) National Survey for Health and
Development (NSHD) (21). Conversely, there were no
gender differences in AP40 levels between women and
men in the Health ABC cohort (16). While we reported
no gender differences in baseline or levels of change
over time in Look AHEAD, AIBL (17) similarly showed
no differences in AB42/Ap40 by gender; but the MCSA
showed lower levels of Ap42/Ap40 among women (4).
These findings do not paint a clear picture and suggest
that more work is needed to understand gender and
sex differences in blood-based biomarkers for AD. The
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various studies we have cited have adjusted for different
sets of comorbidities and samples were drawn from
different populations with different characteristics which
could contribute to different findings.

Race and Ethnicity

Lower levels of A342 were observed among Black and
Hispanic participants compared to White participants.
AP40 at baseline and change in biomarker levels over
the interval followed the same pattern with Black and
Hispanic participants having lower levels and less change
over time. The opposite trend emerged for the Ap42/
ApP40 ratio at baseline and in change over time with
White and other/mixed race groups having lower levels
and less change over time. Ptaul81 levels increased the
most over time among White participants compared
to other groups. Black participants had the lowest NfL
levels on average at baseline. The only biomarker in our
study that was not associated with race and ethnicity was
GFAP. Others have found similar associations between
race and biomarker levels. Hajjar et al. (22), found race
differences in biomarkers Af342, Ap40, pTaul8l, and NfL
with African Americans having lower levels than their
White counterparts in the Brain, Stress, Hypertension,
and Aging Research Program (B-SHARP). In the Health
ABC study, investigators similarly found lower levels
of APB42 and AP40 in African American participants
compared to White participants (16). Mexican Americans
were found to have lower levels of Ap40, total tau, and
Ap42/Ap40, in the Health & Aging Brain study among
Latino Elders (HABS-HD) (7). However, a study using the
NHANES data found no differences in NfL levels by race
in models that controlled for age, sex, stroke, diabetes,
eGFR, and alcohol consumption (20). More work needs to
be done to get a better grasp on these associations as race
and ethnicity are social constructs and represent proxies
for systemic racism. Associations between biomarkers
and race and ethnicity could change depending on the
confounders or social determinants of health that are
addressed in any given analysis.

Education

Education levels were associated with GFAP at baseline
with those in the lowest education group having the
lowest GFAP levels. In the Health ABC study, low
education was associated with lower Ap42 levels (16). It
is unclear whether associations between education level
and blood-based biomarkers are biologically based or
whether higher education is an effective proxy for health
advantages due to socio-economic status.

APOE

APOE e4 carrier status was only associated with lower
AP42/AB40 ratio at baseline in Look AHEAD. In Health
ABC, APOE ¢4 carrier status was associated with lower
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Table 6. Ap42/ Ap40 levels by individual baseline characteristics adjusted for age and gender

Baseline Change

Characteristic LS Mean Confidence Interval p-value LS Mean Confidence Interval p-value
Black Race 0.216 (0.034, 0.397) 0.029 -0.366 (-0.514, - 0.218) 0.051
White Race -0.057 (-0.146, 0.033) -0.303 (-0.376, -0.231)

Hispanic 0.097 (-0.108, 0.303) -0.155 (-0.321, 0.012)

Other /Mixed Race -0.207 (-0.538, 0.124) -0.004 (-0.279, 0.271)

Education < 13 years -0.016 (-0.162, 0.130) 0.893 -0.205 (-0.322, -0.087) 0.330
Education 13 - 16 years -0.014 (-0.138, 0.111) -0.302 (-0.403, -0.201)

Education > 16 years 0.023 (-0.098, 0.144) -0.315 (-0.412, -0.218)

No APOE &4 alleles 0.069 (-0.018, 0.156) 0.003 -0.279 (-0.352, -0.206) 0.854
APOE &4 + -0.275 (-0.438, -0.112) -0.294 (-0.432, -0.155)

BDI <10 0.004 (-0.075, 0.082) 0.671 -0.302 (-0.366, -0.238) 0.079
BDI >10 -0.040 (-0.223, 0.144) -0.156 (-0.306, -0.007)

No Antidepressants 0.004 (-0.075, 0.084) 0.745 -0.291 (-0.356, -0.227) 0.571
Antidepressants -0.030 (-0.222, 0.162) -0.243 (-0.397, -0.089)

No alcohol use -0.026 (-0.115, 0.064) 0.331 -0.272 (-0.345, -0.199) 0.887
Alcohol <21 oz/wk -0.010 (-0.172, 0.152) -0.288 (-0.420, -0.156)

Alcohol >21 oz /wk 0.144 (-0.059, 0.346) -0.317 (-0.481, -0.153)

Never Smoked 0.016 (-0.086, 0.118) 0.920 -0.285 (-0.369, -0.202) 0.757
Past Smoker -0.015 (-0.124, 0.094) -0.268 (-0.356, -0.179)

Current Smoker -0.015 (-0.438, 0.408) -0.399 (-0.739, -0.059)

BMI < 30 kg /m? 0.139 (-0.026, 0.304) 0.152 -0.284 (-0.419, -0.150) 0.994
BMI 30-39 kg/m? -0.019 (-0.108, 0.070) -0.282 (-0.355, -0.209)

BMI 40+ kg/m? -0.089 (-0.274, 0.095) -0.274 (-0.423, -0.125)

Diabetes < 5 years 0.002 (-0.110, 0.113) 0.931 -0.282 (-0.373, -0.191) 0.800
Diabetes 5+ years 0.008 (-0.088, 0.104) -0.298 (-0.375, -0.220)
HbAlc<7% 0.015 (-0.090, 0.120) 0.715 -0.273 (-0.358, -0.188) 0.788
HbAlc >7% -0.012 (-0.112, 0.087) -0.289 (-0.370, -0.208)

Diabetes Trt w/out Meds -0.241 (-0.439, -0.042) 0.038 -0.100 (-0.262, 0.063) 0.063
Diabetes Trt w/ Oral Meds, No Insulin 0.040 (-0.045, 0.125) -0.310 (-0.379, -0.240)

Diabetes Trt w/ OM + Insulin 0.030 (-0.155, 0.216) -0.307 (-0.458, -0.156)

No Peripheral Neuropathy 0.010 (-0.069, 0.088) 0.567 -0.286 (-0.350, -0.222) 0.705
Peripheral Neuropathy -0.048 (-0.229, 0.133) -0.255 (-0.402, -0.108)

Baseline GFR < 60 0.090 (-0.281, 0.461) 0.018 -0.381 (-0.677, -0.084) 0.094
Baseline GFR 60-90 0.137 (0.018, 0.256) -0.361 (-0.456, -0.265)

Baseline GFR =90 -0.092 (-0.195, 0.012) -0.225 (-0.308, -0.142)

No hypertension -0.159 (-0.341, 0.023) 0.062 -0.105 (-0.254, 0.044) 0.012
Hypertension 0.031 (-0.048, 0.109) -0.314 (-0.378, -0.250)

No Dyslipidemia -0.035 (-0.259, 0.189) 0.745 -0.202 (-0.385, -0.019) 0.370x
Dyslipidemia 0.004 (-0.072, 0.081) -0.291 (-0.352, -0.229)

No Hx of CVD -0.006 (-0.085, 0.074) 0.708 -0.275 (-0.340, -0.211) 0.652
Hx of CVD 0.032 (-0.149, 0.213) -0.312 (-0.460, -0.165)

Each categorical group of characteristics was evaluated individually, controlling for age and gender. Significant associations are bolded; p-values are presented for
each group. Abbreviations: AR, Amyloid beta; APOE ¢4, Apolipoprotein E gene, €4 carrier status; BDI, Beck Depression Inventory; BMI, body mass index; CVD,
cardiovascular disease; GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; kg/m? kilogram per meters squared; LDL, low density lipoprotein; LS,
least-squares; OM, oral medication; oz, ounces; Trt, treatment; wk, week; w/, with; w/out, without; Yrs, years
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Table 7. Ptaul81 levels by individual baseline characteristics adjusted for age and gender

Baseline Change

Characteristic LS Mean Confidence Interval p-value LS Mean Confidence Interval p-value
Black Race 0.117 (-0.063, 0.296) 0.181 -0.180 (-0.405, 0.046) 0.0002
White Race -0.002 (-0.090, 0.086) 0.279 (0.169, 0.390)

Hispanic -0.031 (-0.231, 0.169) -0.045 (-0.296, 0.205)

Other /Mixed Race -0.296 (-0.623, 0.031) -0.308 (-0.729, 0.114)

Education < 13 years -0.051 (-0.193, 0.091) 0.678 0.116 (-0.063, 0.296) 0.654
Education 13 - 16 years -0.008 (-0.130, 0.113) 0.116 (-0.039, 0.270)

Education > 16 years 0.032 (-0.086, 0.151) 0.206 (0.056, 0.355)

No APOE &4 alleles -0.017 (-0.105, 0.072) 0.610 0.176 (0.064, 0.287) 0.768
APOE &4 + 0.031 (-0.132, 0.194) 0.211 (0.003, 0.419)

BDI <10 0.006 (-0.071, 0.084) 0.647 0.168 (0.070, 0.267) 0.174
BDI =10 -0.040 (-0.221, 0.141) -0.005 (-0.234, 0.224)

No Antidepressants -0.001 (-0.078, 0.077) 0.834 0.183 (0.084, 0.282) 0.114
Antidepressants 0.021 (-0.166, 0.208) -0.024 (-0.259, 0.212)

No alcohol use 0.037 (-0.051, 0.125) 0.247 0.062 (-0.050, 0.174) 0.076
Alcohol <21 oz /wk -0.022 (-0.182, 0.137) 0.248 (0.045, 0.452)

Alcohol >21 oz /wk -0.153 (-0.356, 0.050) 0.349 (0.092, 0.607)

Never Smoked 0.051 (-0.050, 0.151) 0.270 0.100 (-0.028, 0.229) 0.578
Past Smoker -0.058 (-0.164, 0.048) 0.181 (0.046, 0.317)

Current Smoker 0.162 (-0.259, 0.583) -0.034 (-0.568, 0.499)

BMI < 30 kg /m? -0.065 (-0.229, 0.099) 0.448 0.239 (0.032, 0.446) 0.549
BMI 30-39 kg /m? -0.003 (-0.091, 0.084) 0.117 (0.006, 0.229)

BMI 40+ kg /m? 0.092 (-0.088, 0.271) 0.092 (-0.137, 0.321)

Diabetes < 5 years -0.028 (-0.137, 0.081) 0.481 0.114 (-0.025, 0.253) 0.669
Diabetes 5+ years 0.024 (-0.070, 0.118) 0.154 (0.034, 0.275)

HbAlc<7% -0.044 (-0.148, 0.059) 0.247 0.166 (0.034, 0.297) 0.555
HbAlc =7% 0.040 (-0.058, 0.137) 0.111 (-0.013, 0.235)

Diabetes Trt w/out Meds -0.059 (-0.253, 0.135) 0.629 0.152 (-0.097, 0.401) 0.974
Diabetes Trt w/ Oral Meds, No Insulin 0.000 (-0.084, 0.084) 0.136 (0.029, 0.243)

Diabetes Trt w/ OM + Insulin 0.072 (-0.113, 0.256) 0.164 (-0.072, 0.401)

No Peripheral Neuropathy 0.011 (-0.066, 0.088) 0.477 0.120 (0.022, 0.218) 0.409
Peripheral Neuropathy -0.059 (-0.237, 0.119) 0.224 (-0.003, 0.451)

Baseline GFR < 60 0.213 (-0.159, 0.585) 0.457 -0.428 (-0.894, 0.037) 0.086
Baseline GFR 60-90 0.061 (-0.057, 0.178) 0.105 (-0.043, 0.252)

Baseline GFR =90 -0.004 (-0.105, 0.098) 0.113 (-0.014, 0.240)

No hypertension -0.123 (-0.301, 0.056) 0.143 0.327 (0.099, 0.555) 0.074
Hypertension 0.023 (-0.054, 0.101) 0.101 (0.002, 0.199)

No Dyslipidemia -0.118 (-0.339, 0.103) 0.268 0.091 (-0.194, 0.376) 0.740
Dyslipidemia 0.014 (-0.061, 0.088) 0.142 (0.047, 0.237)

No Hx of CVD 0.009 (-0.069, 0.088) 0.579 0.160 (0.061, 0.260) 0.276
Hx of CVD -0.046 (-0.223, 0.131) 0.022 (-0.202, 0.247)

Each categorical group of characteristics was evaluated individually, controlling for age and gender. Significant associations are bolded; p-values are presented for each
group. Abbreviations: Ap, Amyloid beta; APOE &4, Apolipoprotein E gene, €4 carrier status; BDI, Beck Depression Inventory; BMI, body mass index; CVD, cardiovascular
disease; GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; kg/m? kilogram per meters squared; LDL, low density lipoprotein; LS, least-squares; OM,
oral medication; oz, ounces; Trt, treatment; wk, week; w/, with; w/out, without; Yrs, years
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Ap42 levels (16). In the AIBL study, APOE &4 carrier
status was not associated with biomarker levels after
adjustment for age, sex, diagnosis, and amyloid PET Af3
status (17).

Figure 6. AB42/ AP40 ratio levels at baseline and change
over 8-13 years

White Race

Black Race
Hispanic
Other/Mixed Race

Education > 16 years
Education 13 - 16 years
Education < 13 years

APOE e4-
APOE o4+

BDI< 10
BDI >= 10

No Antidepressants
Antidepressants

No Alcohol use
Alcohol <21 oziwk
Alcohol =>21 oz'wk

Never Smoked
Past Smoker
Current Smoker

BMI < 30 kg/m®
BMI 30-39 kgim®
BMI 40+ kgim?

Diabetes < 5 years
Diabetes 5+ years

HbAlC < T%
HbA1c >=7%

Diab Tx wicut Meds
Diab Tx wi/ Oral Meds
Diab Tx w/ OM + Insulin

&

No Peripheral Neuropathy
Peripheral Neuropathy

Baseline GFR >30
Baseline GFR 60-90
Baseline GFR<80

No Hypertension
Hypertension

No Dyslipidemia
Dyslipidemia

No Hx of CVD
Hx of CVD

[
——
—
—_——
L]
—
—.—
L]
—
-
—
[
-
L]
—
-
L]
.
—
-
-
—
-
ol
.-
L]
e
——
L]
-
L]
—-—
B
L]
——
L]
= -
-
- -

-

T
£.75

T T T T T
150 <156 05 0.5 1.5

Change over 8-13 years

0.00 075
Baseline

Depressive Symptoms and Antidepressant
Usage

Depressive symptoms as measured by the BDI
(stratified as BDI<10 vs BDI =10), were associated with
GFAP levels at baseline. A recent systematic review of
GFAP studies indicated associations between GFAP and a
number of neurological diseases and disorders, including
major depressive disorder as well as Alzheimer’s disease
(23). Although there seems to be some association with
depression, we were unable to find studies that also
investigated antidepressant usage.

Alcohol and Smoking

Higher alcohol use was associated with higher baseline
GFAP levels in our study. In the NHANES study, alcohol
use was associated with NfL levels instead, in models
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that controlled for age, sex, stroke, race, diabetes, and
eGFR (20). A history of smoking was associated with an
increase in Ap42 and AB40 levels over time in our cohort.
We were only able to find one other study that referenced
smoking and blood-based AD biomarkers. That study,
conducted among patients with heart failure, reported
former smokers had lower GFAP levels (24). More
work should be done to better understand the interplay
between alcohol use, smoking and AD biomarker levels
as these are common exposures in older cohorts.

Figure 7. pTaul81 levels at baseline and change over
8-13 years

White Race
Black Race
Hispanic
Other/Mixed Race

-
——
.
—e

Education > 16 years
Education 13 - 16 years
Education < 13 years

APOE e4-
AFPOE ad+

BDI<10
BDI>=10

No Antidepressants
Antidepressants

No Alcohol use
Alcohol <21 oziwk
Alcohal =>21 cz/wk

Never Smoked
Past Smoker
Current Smoker

BMI < 30 kg/m?*
BMI 30-39 kg/m*
BMI 40+ kg/m?

Diabetes < 5 years
Diabetes 5+ years

HbAle = T%
HbAlc >=7%

Diab Tx w/out Meds
Diab Tx wi Oral Meds
Diab Tx w/ OM + Insulin

No Peripheral Neuropathy
Peripheral Neuropathy

Baseline GFR >80
Baseline GFR 60-90
Baseline GFR<60

No Hypertension
Hypertension

No Dyslipidemia
Dysiipidemia

No Hx of CVD
Hx of CVD

.
—
——
——

.
kR
—

-

——

-

—
.
—_
.
le—
o—
.
-
e,
.
.
—
-
.
-
.
[]
o 2
—_—
-
g
-
-
—_—
.
—.—
-
——
L]
—

1o +. b }+. bo ++. i +’. F. ++. $e {e o bha

T
Q075 1.5

Change over B-13 years

T T T T T g
000 075 1.50 15 0.5 05

Baseline

BMI

Given that Look AHEAD recruited participants with
overweight or obesity (mean baseline BMI=34.8+5.3 kg/
m?), there was less variation in BMI compared to other
studies so we expected to have limited ability to identify
differences by BMI. Higher BMI was only significantly
associated with lower GFAP levels at baseline, and this
association was consistent with a report using BioFINDER
data where BMI was inversely correlated with NfL
and GFAP (25). In a cohort of 327 community dwelling
participants in the ASPS-Fam study, Koini et al. found
that BMI was a significant predictor of lower NfL among
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Table 8. NfL levels by individual baseline characteristics adjusted for age and gender

Baseline Change

Characteristic LSMean Confidence Interval p-value LS Mean Confidence Interval  p-value
Black Race -0.224 (-0.394, -0.054) 0.010 1.684 (1.225,2.143) 0.581
White Race 0.009 (-0.074, 0.093) 1.743 (1.517, 1.968)

Hispanic 0.171 (-0.019, 0.360) 1.879 (1.368, 2.389)

Other/Mixed Race 0.191 (-0.119, 0.502) 1.180 (0.321, 2.040)

Education < 13 years 0.038 (-0.095, 0.170) 0.809 1.817 (1.451,2.182) 0.214
Education 13 - 16 years -0.011 (-0.125, 0.102) 1.926 (1.612, 2.240)

Education > 16 years -0.016 (-0.126, 0.095) 1.542 (1.237, 1.846)

No APOE &4 alleles 0.003 (-0.080, 0.086) 0.646 1.707 (1.492,1.921) 0.782
APOE &4 + -0.038 (-0.191, 0.115) 1.770 (1.372,2.169)

BDI <10 0.000 (-0.074, 0.074) 0.966 1.722 (1.523,1.921) 0.842
BDI =10 0.004 (-0.169, 0.177) 1.774 (1.310, 2.237)

No Antidepressants -0.005 (-0.080, 0.070) 0.503 1.720 (1.518, 1.922) 0.629
Antidepressants 0.062 (-0.118, 0.241) 1.850 (1.367, 2.332)

No alcohol use 0.018 (-0.066, 0.102) 0.378 1.660 (1.434, 1.885) 0.575
Alcohol <21 oz/wk -0.094 (-0.246, 0.058) 1.909 (1.498, 2.321)

Alcohol >21 oz /wk 0.051 (-0.142, 0.243) 1.784 (1.266, 2.301)

Never Smoked -0.011 (-0.106, 0.085) 0.623 1.660 (1.402, 1.918) 0.649
Past Smoker 0.030 (-0.071, 0.131) 1.821 (1.548, 2.094)

Current Smoker -0.156 (-0.558, 0.245) 1.501 (0.425, 2.576)

BMI < 30 kg /m? 0.124 (-0.031, 0.279) 0.103 1.511 (1.095, 1.926) 0.496
BMI 30-39 kg /m? -0.006 (-0.089, 0.078) 1.794 (1.569, 2.019)

BMI 40+ kg /m? -0.126 (-0.297, 0.044) 1.702 (1.243,2.162)

Diabetes < 5 years -0.188 (-0.291, -0.086) <.0001 1.699 (1.418, 1.979) 0.783
Diabetes 5+ years 0.139 (0.051, 0.228) 1.751 (1.508, 1.994)

HbAlc<7% -0.042 (-0.140, 0.057) 0.253 1.514 (1.250, 1.779) 0.032
HbAlc >7% 0.037 (-0.056, 0.130) 1.913 (1.663, 2.162)

Diabetes Trt w/out Meds -0.214 (-0.398, -0.031) 0.003 1.505 (1.003, 2.008) 0.635
Diabetes Trt w/ Oral Meds, No Insulin -0.008 (-0.087, 0.072) 1.761 (1.545, 1.976)

Diabetes Trt w/ OM + Insulin 0.225 (0.051, 0.399) 1.790 (1.314, 2.265)

No Peripheral Neuropathy -0.011 (-0.084, 0.063) 0.475 1.777 (1.579, 1.974) 0.200
Peripheral Neuropathy 0.057 (-0.113, 0.226) 1.451 (0.995, 1.908)

Baseline GFR < 60 0.629 (0.284, 0.973) <.0001 2.181 (1.265, 3.096) 0.441
Baseline GFR 60-90 0.133 (0.024, 0.242) 1.761 (1.471, 2.052)

Baseline GFR =90 -0.149 (-0.243, -0.055) 1.615 (1.366, 1.865)

No hypertension -0.153 (-0.322, 0.017) 0.054 1.877 (1.419, 2.335) 0.479
Hypertension 0.029 (-0.044, 0.103) 1.696 (1.498, 1.895)

No Dyslipidemia -0.069 (-0.278, 0.141) 0.497 1.907 (1.337,2.478) 0.509
Dyslipidemia 0.008 (-0.063, 0.079) 1.705 (1.513, 1.896)

No Hx of CVD -0.023 (-0.097, 0.052) 0.159 1.721 (1.521, 1.922) 0.923
Hx of CVD 0.111 (-0.058, 0.280) 1.746 (1.292, 2.199)

Each categorical group of characteristics was evaluated individually, controlling for age and gender. Significant associations are bolded; p-values are presented for
each group. Abbreviations: AP, Amyloid beta; APOE ¢4, Apolipoprotein E gene, €4 carrier status; BDI, Beck Depression Inventory; BMI, body mass index; CVD,
cardiovascular disease; GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; kg/m? kilogram per meters squared; LDL, low density lipoprotein; LS,
least-squares; OM, oral medication; oz, ounces; Trt, treatment; wk, week; w/, with; w/out, without; Yrs, years
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Table 9. GFAP levels by individual baseline characteristics adjusted for age and gender

Baseline Change

Characteristic LS Mean Confidence Interval p-value LS Mean Confidence Interval p-value
Black Race 0.081 (-0.085, 0.247) 0.110 1.520 (1.282,1.758) 0.292
White Race 0.024 (-0.057, 0.106) 1.521 (1.404, 1.638)

Hispanic -0.153 (-0.338, 0.032) 1.415 (1.150, 1.679)

Other /Mixed Race -0.224 (-0.527, 0.079) 1.092 (0.647,1.537)

Education < 13 years -0.188 (-0.319, -0.056) 0.006 1.391 (1.202, 1.580) 0.124
Education 13 - 16 years 0.050 (-0.063, 0.163) 1.631 (1.468, 1.793)

Education > 16 years 0.076 (-0.034, 0.185) 1.451 (1.294, 1.608)

No APOE &4 alleles -0.037 (-0.117, 0.043) 0.256 1.439 (1.322,1.557) 0.098
APOE &4 + 0.060 (-0.087, 0.206) 1.649 (1.431, 1.867)

BDI < 10 0.044 (-0.027, 0.115) 0.001 1.510 (1.407, 1.613) 0.304
BDI >10 -0.253 (-0.418, -0.087) 1.373 (1.133, 1.613)

No Antidepressants 0.019 (-0.053, 0.092) 0.423 1.490 (1.386, 1.595) 0.702
Antidepressants -0.058 (-0.233, 0.116) 1.544 (1.294, 1.793)

No alcohol use -0.033 (-0.115, 0.048) 0.019 1.466 (1.349, 1.583) 0.768
Alcohol <21 oz /wk -0.054 (-0.202, 0.093) 1.506 (1.293, 1.720)

Alcohol =21 oz/wk 0.248 (0.062, 0.435) 1.574 (1.305, 1.842)

Never Smoked 0.011 (-0.082, 0.104) 0.634 1.396 (1.263, 1.530) 0.100
Past Smoker 0.002 (-0.097, 0.101) 1.573 (1.432,1.715)

Current Smoker -0.185 (-0.576, 0.207) 1.828 (1.272,2.384)

BMI < 30 kg /m? 0.170 (0.020, 0.320) 0.002 1.489 (1.273,1.704) 0.965
BMI 30-39 kg/m? 0.008 (-0.072, 0.089) 1.495 (1.378, 1.612)

BMI 40+ kg/m? -0.242 (-0.407, -0.077) 1.459 (1.221, 1.698)

Diabetes < 5 years 0.022 (-0.079, 0.123) 0.673 1.435 (1.290, 1.581) 0.306
Diabetes 5+ years -0.007 (-0.095, 0.081) 1.536 (1.410, 1.662)

HbAlc<7% 0.055 (-0.041, 0.151) 0.119 1.498 (1.360, 1.636) 0.848
HbAlc >7% -0.050 (-0.140, 0.041) 1.480 (1.350, 1.609)

Diabetes Trt w/out Meds 0.072 (-0.107, 0.252) 0.640 1.358 (1.098, 1.618) 0.522
Diabetes Trt w/ Oral Meds, No Insulin -0.019 (-0.097, 0.059) 1.518 (1.407, 1.630)

Diabetes Trt w/ OM + Insulin 0.017 (-0.154, 0.187) 1.457 (1.211, 1.703)

No Peripheral Neuropathy 0.016 (-0.056, 0.087) 0.279 1.487 (1.385, 1.590) 0.969
Peripheral Neuropathy -0.084 (-0.249, 0.081) 1.493 (1.255, 1.730)

Baseline GFR < 60 -0.014 (-0.355, 0.327) 0.006 1.487 (1.010, 1.965) 0.722
Baseline GFR 60-90 0.128 (0.020, 0.237) 1.510 (1.359, 1.662)

Baseline GFR =90 -0.105 (-0.199, -0.012) 1.428 (1.297, 1.558)

No hypertension -0.002 (-0.167, 0.164) 0.986 1.556 (1.318, 1.793) 0.543
Hypertension 0.000 (-0.072, 0.072) 1.475 (1.372,1.578)

No Dyslipidemia -0.064 (-0.268, 0.139) 0.514 1.254 (0.958, 1.549) 0.101
Dyslipidemia 0.007 (-0.062, 0.077) 1.515 (1.415, 1.614)

No Hx of CVD -0.034 (-0.106, 0.039) 0.032 1.496 (1.392, 1.600) 0.719
Hx of CVD 0.165 (0.000, 0.329) 1.449 (1.213, 1.685)

Each categorical group of characteristics was evaluated individually, controlling for age and gender. Significant associations are bolded; p-values are presented for each
group. Abbreviations: Ap, Amyloid beta; APOE &4, Apolipoprotein E gene, €4 carrier status; BDI, Beck Depression Inventory; BMI, body mass index; CVD, cardiovascular
disease; GFR, glomerular filtration rate; HbAlc, hemoglobin Alc; Hx, history; kg/m?, kilogram per meters squared; LDL, low density lipoprotein; LS, least-squares; OM,
oral medication; 0z, ounces; Trt, treatment; wk, week; w/, with; w/out, without; Yrs, years

17



ASSOCIATION BETWEEN MODIFIABLE RISK FACTORS AND LEVELS OF BLOOD-BASED BIOMARKERS

younger participants (<60) (19). In the AIBL study, lower
BMI was correlated with higher pTaul81, NfL, and GFAP
levels (17).

Figure 8. NfL levels at baseline and change over 8-13
years
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Diabetes Duration

More than half of our participants (57%) had diabetes
for 5 years or more at baseline. A longer duration
of diabetes was associated with higher NfL levels at
baseline. Serum NfL levels were also elevated among
diabetics in an HNANES analysis compared to those
without diabetes (20). Using data from the HABS-HD
study, O’Bryant et al. found relationships between the
presence of diabetes (not duration) and higher levels of
Ap42, Ap40, and NfL (7). The NHANES study examined
the association between NfL and the presence of diabetes
(also not considering duration), and found that diabetes
was associated with higher NfL levels in models that
controlled for age, sex, stroke, race, diabetes, eGFR, and
alcohol consumption (20).
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HbAlc

HbA1lc levels <7% were associated with higher Ap42
and A{340 at baseline and lower levels of increase from
baseline to end of intervention. HbAlc levels =7% were
associated with greater NfL increases from baseline.
In the ACCORD Study, NfL was similarly positively
associated with HbAlc (18). In the HABS-HD study,
higher HbAlc was also related to higher Ap42, AB40, and
NfL (7).

Diabetes Treatment

Participants not using diabetes medications had lower
Ap42/Ap40 and NfL levels at baseline. While few studies
have reported specifically on the relationship between
diabetes treatment and blood-based biomarkers for
AD, several studies have investigated the associations
between diabetes treatment and cognitive outcomes
(26). Future work should examine more closely the
relationship between specific diabetes medication classes
and blood-based biomarkers as they have different effects
(27).

Peripheral Neuropathy

We found no significant relationships between any
of the biomarkers and neuropathy. In contrast, a meta-
analysis of 36 studies found significant associations
between neuropathy and higher NfL levels (28). It is
possible our data failed to reflect this association because
the generally higher BMI levels may dilute NfL levels in
our cohort.

eGFR

Estimated glomerular filtration rate (eGFR) has
been consistently associated with biomarker levels in
the literature (8). A higher filtration rate (i.e., higher
eGFR) indicates better kidney function and tends to
be associated with lower levels of biomarkers in the
blood. In Look AHEAD, higher eGFR was associated
with lower baseline levels of Ap42, Ap40, Ap42/Ap40
ratio, NfL, and GFAP. In the ASPS-Fam study, ACCORD,
and NHANES, renal function measured by eGFR was
similarly associated with NfL levels (18-20). A higher
eGFR was also significantly related to lower A342, Ap40,
Tau, and NfL; and higher levels of Ap42/Ap40 in the
HABS-HD study (7). In SPRINT, after adjustment for
age, both ApB40, and NfL were negatively associated with
eGFR. Of all the factors studied here, eGFR seems to have
consistent associations with biomarkers across studies
similar to increased age.

Blood Pressure

Self-reported hypertension was associated with higher
baseline AB42 and AP40 and greater decline in the
AP42/AP40 ratio from baseline to end of intervention
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in our study. In the HABS-HD and ACCORD studies,
hypertension was related to NfL (7, 18). In SPRINT,
greater increases in NfL were seen in the intensive
treatment (blood pressure lowering) arm of the study,

however the association was attenuated when adjusted
for eGFR (5).

Figure 9. GFAP levels at baseline and change over 8-13
years
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Dyslipidemia

We examined potential associations with self-reported
high cholesterol and found no significant associations.
In the HABS-HD Study, dyslipidemia was related to
Ap42, Ap40, and NfL; and higher levels of AB42/Ap40 in
models that were adjusted for age, sex, and education (7).

History of CVD

A history of CVD at baseline in Look AHEAD,
defined as self-reported myocardial infarction, heart
bypass surgery, coronary artery bypass graft, carotid
endarterectomy, lower leg angioplasty, aortic aneurysm,
congestive heart failure and stroke, was associated with
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a greater increase in A(342 and AP40 over time. History
of CVD was also associated with higher baseline GFAP
levels. Syrjanan et al. examined history of stroke and
myocardial infarction and found that stroke was related
to higher baseline NfL and total tau, while myocardial
infarction was only related to total tau (4).

There are several key findings from this exercise. First,
blood-based biomarker levels at baseline in our cohort
were associated with 15 out of 18 variables, many of
which represent conditions that are very common in older
adults. Interestingly, in this study of participants with
diabetes and overweight or obesity, diabetes treatment
was associated with Ap42, AB40, Ap42/Ap40, and NfL,
while BMI was associated only with GFAP. As we have
outlined, these associations are in general agreement
with the limited number of studies that have evaluated
these biomarkers in other cohorts (4, 5, 7, 16-22, 25, 29,
30). For example, when considering our work and others,
we observe general agreement that Ap42, AB40, NfL, and
GFAP levels go up with age. There is a strong suggestion
that levels of Ap42, ApP40, pTaul81 are lower among
persons with self-reported Black and Hispanic race and
ethnicity. Second, biomarker levels were not associated
with legacy effects of our ILI intervention. Third, changes
in the biomarker levels over time are associated with race
(Ap42, AB40, Ap42/AB40, and NfL), smoking (AB42,
Ap40), HbAlc levels (Ap42, Ap40, pTaul8l), and history
of CVD (Ap42, Ap40). Evaluation of variables that are
associated with change in biomarker levels over time
suggests potential for malleability. Whether this translates
into modifiable lifestyle behaviors is currently unknown.

There has been much progress in the technology to
evaluate blood-based biomarkers for neurodegenerative
disease. As blood samples are more distal than CSF, the
assays for blood samples have to be particularly sensitive
and are subject to additional complexities inherent in
their measurement in blood (31). As the field begins to
use these markers as screening tools for trials or as clinical
indicators of brain health, it is critically important to
understand all the patient/participant characteristics that
can influence their measurement. In our study, all the
participants have T2D and all of them had overweight
or obesity at baseline, both of which are characteristics
associated with increased risk of cognitive impairment
and dementia in later life.

Limitations

This study is not without limitations. There was no
baseline cognitive assessment as it was not a primary
focus of the original Look AHEAD clinical trial.
Therefore, participants were not excluded based on the
presence of cognitive impairment at baseline. Cognitive
impairment was not assessed until after the end of
the intervention. Nonetheless, our rigorous screening
procedures, designed to ascertain whether participants
could execute the protocol, would have effectively
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excluded those with clear impairment. Our self-reported
designations of race and ethnicity were not collected in a
mutually exclusive fashion, thereby conflating the two.
Randomization facilitated comparable demographic and
health characteristics across study arms at baseline, and
there is no reason to suspect that the two groups would
have differed in cognitive performance at baseline either.

There may be other age-related chronic diseases that
influence plasma levels of biomarkers for which we did
not account. Our findings are perhaps only generalizable
to a high-risk subset of the population, i.e., older adults
with T2D and overweight/obesity. However, this group
represents a growing at-risk portion of the population.
While we tried to put our results in context with other
studies, we acknowledge that there are differences in
study designs including the methods used to ascertain
biomarker level, the proportions of people of different
races and ethnicities included, and assumptions about
cognitive status at baseline. We also acknowledge that
while we are looking at differences among important
clinical subgroups, we are unable to determine the
degree to which these reflect underlying differences in
neuropathology. Finally, a strength of the work is the fact
that Look AHEAD was a randomized controlled clinical
trial, conducted using rigorous methods.

Conclusions

Blood-based biomarkers for neurodegenerative
disorders have great potential for identifying individuals
at risk for cognitive decline and dementia, however more
work needs to be done in this area before they can be
used clinically. Much of the work to date in biomarker
studies has focused on clinical samples, comparing
participants with and without clinically diagnosed
dementing illness, often with confirmatory and Ap and
Tau PET imaging. Emerging work similar to results we
present suggests that a number of participant or patient
characteristics need to be considered when interpreting
blood-based biomarkers. Our study of biomarkers in the
Look AHEAD cohort reveals a number of participant
characteristics that correlate with biomarker levels in a
sample of individuals with diabetes and overweight or
obesity, which should be considered when developing
clinical applications for these biomarkers.
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