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year 9 (median duration of cognitive follow-up) and calculated the 
percent difference in decline across higher activity levels compared to 
inactive individuals. Lastly, we used literature-derived thresholds for 
cognitive impairment (lower than −1.5 PACC5 z-score31) and clinically 
meaningful functional decline in early AD (increase of 1.5 points on 
CDR-SOB32) to estimate the time from baseline to these thresholds of 
cognitive and functional worsening for individuals with elevated Aβ 
across physical activity levels.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Deidentified data from HABS can be requested online (https://www.
synapse.org/habs). Details of the request process have been published 
previously27 and include the completion of an online data request form 
and acceptance of the terms of a data use agreement. The approval 
process is primarily designed to ensure that the proposed purpose 
of the data request is consistent with the data use agreement and 
would not pose a risk to the HABS participants. The most important 
restriction of use is to not attempt to re-identify the participants in 
any way. Other requirements include agreement to abide by human 
subject research policies, only using the data for the project detailed 
in the data request (separate requests can be made for additional 
projects), no commercialization of the data, and no marketing or 
fundraising with the data.

Code availability
All statistical analyses and raw figures were generated using R 
(v.4.3.1), with the following open source packages: car (v.3.1-2), dplyr 
(v.1.1.2), ggplot2 (v.3.5.1), mediation (v.4.5.0), nlme (v.3.1-162), ppcor 
(v.1.1), sjPlot (v.2.8.15). No custom code or packages were used in the 
statistical analyses.
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Extended Data Fig. 1 | Individual longitudinal Aβ, tau, PACC5 and CDR-SOB 
trajectories. Individual trajectories of (a) global Aβ, (b) inferior temporal 
cortex (ITC) tau, (c) Preclinical Alzheimer’s Cognitive Composite-5 (PACC5) 
scores, and d) Clinical Dementia Rating Sum of Boxes (CDR-SOB) scores from 
all participants are shown without adjustment for any covariates. To allow clear 
visualization of the individual trajectories, participants were plotted according 
to high versus low baseline Aβ burden in columns and physical activity (mean 
steps per day) in rows, defined by above and below the median values. The 

trajectories are color coded by baseline Aβ burden according to the color 
bar, with each line representing one participant. The number of participants 
represented in each facet is provided for reference. The time of baseline PiB PET 
was used as the study baseline (time = 0). Timing of the first tau PET scan varied 
across participants (2.2 ± 1.5 years), as tau PET was introduced mid-study  
when it became available. Aβ = beta-amyloid; DVR = distribution volume ratio;  
PVC = partial volume correction; PiB = Pittsburgh compound-B;  
SUVR = standardized uptake value ratio.

http://www.nature.com/naturemedicine
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Extended Data Fig. 2 | Interactive association between baseline physical 
activity and Aβ burden on initial ITC tau burden. Linear regression model 
revealed a significant interaction between baseline physical activity and Aβ 
burden on initial inferior temporal cortex (ITC) tau burden (Physical activity*Aβ: 
β = -0.19 [-0.30 to -0.08], p = 0.001), adjusting for age, sex, years of education, 
and time interval between study baseline and first tau scan. There was no 
significant independent effect of physical activity on tau (Physical activity: 
β = -0.06 [-0.18 to 0.05], p = 0.28). Statistical significance was assessed using 
two-tailed t-tests, with p < 0.05 considered statistically significant without 
adjustment for multiple comparisons. Physical activity (mean steps per day) 
was square-root transformed prior to model entry to account for skewness with 

improvement in model fit (reduced BIC by 2.2). Non-transformed mean steps 
per day was used to plot the model result to enhance interpretability. Baseline 
Aβ burden was modeled as a continuous variable. To visualize the model results, 
the estimated ITC tau burden across the range of baseline physical activity at 
representative levels of low versus high baseline Aβ burden are presented. Error 
bands represent the 95% confidence intervals for the estimated tau burden. Low 
and high Aβ are represented, for illustration purposes, by the mean Aβ burden of 
Aβ-negative (PiB PVC-DVR 1.17) and Aβ-positive (PiB PVC-DVR 1.85) participants 
respectively. Aβ = beta-amyloid; DVR = distribution volume ratio; ITC = inferior 
temporal cortex; PVC = partial volume correction; SUVR = standardized uptake 
value ratio.

http://www.nature.com/naturemedicine
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Extended Data Fig. 3 | Interactive association between cross-sectional Aβ 
and initial ITC tau burdens on baseline physical activity. Linear regression 
model revealed no significant interaction between cross-sectional Aβ and ITC 
tau burdens on baseline physical activity (Aβ*ITC tau: β = -0.04 [-0.15 to -0.07], 
p = 0.44), adjusting for age, sex, years of education, and time interval between 
study baseline and first tau scan. There were further no significant independent 
effects of Aβ or ITC tau on baseline physical activity (Aβ: β = 0.10 [-0.07 to 
0.28], t = 1.16, p = 0.25; ITC tau: β = 0.01 [-0.21 to 0.22], p = 0.96). Statistical 
significance was assessed using two-tailed t-tests, with p < 0.05 considered 
statistically significant without adjustment for multiple comparisons. Physical 
activity (mean steps per day) was square-root transformed prior to model entry, 

but non-transformed mean steps per day was used to plot the model result to 
enhance interpretability. Baseline Aβ burden was modeled as a continuous 
variable. To visualize the model results, the estimated means steps per day across 
the range of initial ITC tau burden at representative levels of low versus high 
baseline Aβ burden are presented. Error bands represent the 95% confidence 
intervals for the estimated mean steps per day. Low and high Aβ are represented, 
for illustration purposes, by the mean Aβ burden of Aβ-negative (PiB PVC-DVR 
1.17) and Aβ-positive (PiB PVC-DVR 1.85) participants respectively. Aβ = 
beta-amyloid; DVR = distribution volume ratio; ITC = inferior temporal cortex; 
PVC = partial volume correction; SUVR = standardized uptake value ratio.

http://www.nature.com/naturemedicine
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Extended Data Fig. 4 | Association between physical activity levels and 
baseline Aβ burden on longitudinal (a) PACC5 decline and (b) CDR-SOB 
progression. Linear mixed effects models revealed interaction between baseline 
physical activity levels (ordinal) and Aβ burden (continuous) on longitudinal 
PACC5 decline and CDR-SOB progression. Using the inactive subgroup as 
reference, all higher levels of physical activity were associated with slower 
Aβ-related PACC5 decline and CDR-SOB progression, except the slower CDR-SOB 
progression in the low activity group did not reach statistical significance 
(Table 3). To visualize the model results, the estimated trajectories based on 
representative levels of low versus high baseline Aβ burden across physical 

activity levels are presented, with error bands representing 95% confidence 
intervals for the estimated trajectories. Low and high Aβ are represented, for 
illustration purposes, by the mean Aβ burden of Aβ-negative (PiB PVC-DVR 1.17) 
and Aβ-positive (PiB PVC-DVR 1.85) participants respectively, defined using the 
conventional Aβ-positivity threshold (PiB PVC-DVR of 1.324). The horizontal 
dotted line represents thresholds for cognitive impairment (-1.5 PACC5 z-score) 
and functional decline (1.5 points on CDR-SOB). The vertical dot-dash line 
represents median duration of cognitive follow-up (9 years). Aβ = β-amyloid; DVR 
= distribution volume ratio; PiB = Pittsburgh compound-B; PVC = partial volume 
corrected; SUVR = standardized uptake value ratio.

http://www.nature.com/naturemedicine
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Extended Data Fig. 5 | Participant flow chart.
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Extended Data Table 1 | Number of participants by physical activity levels

The number of participants in each physical activity level included in the tau, PACC5 and CDR-SOB analyses were summarized. CDR-SOB = Clinical Dementia Rating Sum of Boxes; PACC5 = 
Preclinical Alzheimer’s Cognitive Composite-5.
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Extended Data Table 2 | Participant characteristics by baseline physical activity levels

Baseline participant characteristics were compared across levels of physical activity. For continuous variables, statistical comparisons were performed using one-way ANOVA in unadjusted 
analyses and using linear regression with Type II ANOVA (F-tests) in analyses adjusted for age and sex. For binary variables, statistical comparisons were performed using Pearson’s 
Chi-squared tests in unadjusted analyses and using logistic regression with Type II ANOVA (likelihood ratio chi-squared tests) in analyses adjusted for age and sex. Two-tailed p < 0.05 was 
considered statistically significant without adjustment for multiple comparisons. Aβ = β-amyloid; APOE ε4 = apolipoprotein E ε4 allele; DVR = distribution volume ratio; FLR = frontal, lateral 
temporal and parietal, and retrosplenial regional uptake; ICV = intracranial volume; PACC5 = Preclinical Alzheimer’s Cognitive Composite-5; PET = positron emission tomography; PiB = 
Pittsburgh compound-B; PVC = partial volume corrected; SD = standard deviation.

http://www.nature.com/naturemedicine
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Extended Data Table 3 | Participant characteristics of all eligible HABS participants at baseline and those included in the 
current study

For continuous variables, statistical comparisons were performed using two-sample t-tests. For binary variables, statistical comparisons were performed using Pearson’s Chi-squared tests. 
Two-tailed p < 0.05 was considered statistically significant without adjustment for multiple comparisons. Aβ = β-amyloid; APOE ε4 = apolipoprotein E ε4 allele; DVR = distribution volume ratio; 
FLR = frontal, lateral temporal and parietal, and retrosplenial regional uptake; PACC5 = Preclinical Alzheimer’s Cognitive Composite-5; PET = positron emission tomography; PiB = Pittsburgh 
compound-B; PVC = partial volume corrected; SD = standard deviation.
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Extended Data Table 4 | Participant characteristics by sex

Baseline participant characteristics were summarized by sex. Aβ = β-amyloid; APOE ε4 = apolipoprotein E ε4 allele; DVR = distribution volume ratio; FLR = frontal, lateral temporal and parietal, 
and retrosplenial regional uptake; PACC5 = Preclinical Alzheimer’s Cognitive Composite-5; PET = positron emission tomography; PiB = Pittsburgh compound-B; PVC = partial volume corrected; 
SD = standard deviation.

http://www.nature.com/naturemedicine
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Extended Data Table 5 | Number of participants contributing data to longitudinal analyses across major time segments

The number of participants contributing data to each 2.5-year time segments in the longitudinal Aβ, ITC tau, PACC5, and CDR-SOB analyses were summarized. Aβ = β-amyloid; CDR-SOB = 
Clinical Dementia Rating Sum of Boxes; PACC5 = Preclinical Alzheimer’s Cognitive Composite-5; PET = positron emission tomography; PiB = Pittsburgh compound-B; PVC = partial volume 
corrected; SD = standard deviation.
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