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Brain change trajectories in healthy adults correlate with Alzheimer's 
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SUPPLEMENTARY FIGURE 1 
Adult lifespan trajectories in early Braak regions. Exclusively longitudinal data was used to estimate individual-
specific age-relative change in bilateral hippocampus (Braak stage II; a left, b right), entorhinal cortex (Braak stage I; 
c,d), amygdala (Braak stage III subcortical; e,f), and a Braak Stage III cortical region (g,h), modelling the adult lifespan 
trajectories using GAMMs with random individual-specific slopes. Leftmost plots in each: adult lifespan trajectory from 
30-89 years (data corrected for sex and scanner, lines connect longitudinal observations). Middle plots: absolute change 
per individual (datapoints) as a function of their mean age across timepoints. Rightmost plots: estimated age-relative 
change per individual (i.e. individual-specific slopes) as a function of their mean age across timepoints. Black stroke 
indicates whether or not genetic data was available per participant and thus whether the datapoint was included in the 
PRS-AD association tests. Trajectories depict mean measures and error bands depict 95% CI. 
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SUPPLEMENTARY FIGURE 2 
Assessment of brain change estimates. We estimated the proportion of individuals estimated to show positive absolute 
change in cortical volume (i.e., growth) across the cortex. The median proportion of individuals estimated to show growth 
across cortical regions was 0.002. Left and right entorhinal cortex were clear outliers, suggesting these measures may 
be less reliable. Cortical volume change was estimated using the adult lifespan discovery sample (1430 scans from 420 
individuals aged 30 to 89 years). 
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SUPPLEMENTARY FIGURE 3 
Sensitivity analysis: quality control. Univariate associations after discarding data from subjects with observations 
>3SD in any of the 8 a priori ROIs (maximum genetic N = 215; exact sample size per age-range subset is shown in top 
row). The set of 576 PRS-AD beta estimates correlated at r = .95 with the results reported in the main paper (See 
Figures 1-2). Error bars depict 95% CI. 
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SUPPLEMENTARY FIGURE 4 
Sensitivity analysis: 12 alternative PRS-AD thresholds. a The correlation between PRS-AD scores dropped when 
including more SNPs in the PRS, rendering the results between scores less comparable at more liberal thresholds. b 
The percentage count (y-axis) of significant PRS-AD associations with age-relative change in left hippocampus for 
different PRS computation thresholds (p < .05 [uncorrected]; 9 age-subsets x 4 scores). c Where the PRS-AD association 
was significant (p< .05 [uncorrected]) we tested whether it remained significant with PRS-ADnoAPOE (p < .05 [uncorrected]). 
The plot illustrates the proportion of PRS-AD associations in b that remained significant with PRS-ADnoAPOE and their 
counts. d-e The associations visualized (9 age-subsets on dashed x-axis). The first column depicts the p-values using 
genome-wide significant SNPs as in the main paper. Coloured points/black outline depicts associations at p<.05 
(uncorrected). As these post-hoc tests are for illustrative purposes and not independent of our initial main analysis, the 



 5 

FDR-correction level applied is the same as across the 576 PRS-AD tests in the main paper. Dashed and dotted 
horizontal lines depict uncorrected and corrected significance levels. 

 
 
 
 
 
 
 
 
 
 
 

 
SUPPLEMENTARY FIGURE 5 
PRS-AD x mean age interactions. Results from alternative analyses dependent on power across the full age-range 
(30-89 years). Linear PRS-AD * mean age interactions upon age-relative change that were significant at p < .05 
(uncorrected) are in bold. None of the tests survived FDR-correction across the 32 tests performed in this analysis (see 
Supplementary Table 6). Error bands depict 95% CI. 
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SUPPLEMENTARY FIGURE 6 
Age and timepoint distributions. a Age and b timepoint distribution of the LCBC discovery cohort used to estimate 
individual-specific brain change (obs = 1430; N = 420). c Age distribution of the genetic observations in this sample (N = 
229).  
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SUPPLEMENTARY FIGURE 7 
Beta estimates for linear PRS-AD associations with age-relative change in early Braak stage regions, tested across 
alternative age subsets discarding the data from the oldest individuals. Estimates are shown for Braak regions where 
PRS-AD was associated with change in the main analyses. All analyses were corrected for mean age, sex, N timepoints, 
interval between first and last timepoint, and 10 genetic PCs. Error bars depict 95% CI. The data indicated the genetic 
associations were not driven by only the oldest-old, though older adults likely contributed more of the individual 
differences in brain change signal. Error bars depict 95% CI. 
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SUPPLEMENTARY FIGURE 8 
Longitudinal ADNI training and AIBL test data. a Longitudinal grouping in ADNI training data (as in Fig. 3A) b 
Longitudinal grouping in the independent AIBL test data. c-e Out-of-sample prediction (AIBL) for the binary classifier 
based on age-relative change, including receiver operator curve (d), confusion matrix and performance metrics (e). f-h 
Out-of-sample results for an alternative binary classifier based on absolute change for comparison. 
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SUPPLEMENTARY FIGURE 9 
ADNI-derived ML models applied to the healthy adult lifespan. a Top features for classifying AD-long from NC-long 
individuals in ADNI data based on age-relative change (as in Fig. 4A). We directly applied the ADNI-derived model 
weights to the LCBC healthy adult lifespan dataset. b PRS-AD associations in the LCBC healthy adult lifespan dataset 
after predicting with the learned model weights from the ADNI-derived model (i.e. LCBC as test data). The dependent 
variable is the model-implied log odds of having AD (probADrelChange). Datapoints show (-log10) p-values for PRS-AD 
associations with probADrelChange, tested at progressively older age-ranges, for all four scores. Dashed line indicates 
p=.05, and datapoints with black stroke depict significant PRS-AD associations at p<.05. Datapoints above the dotted 
line are significant at p(FDR)<.05 (FDR-correction applied across all 72 PRS-AD tests in this analysis). Bottom plot shows 
partial r2 for PRS-AD where the association survived FDR-correction. Where FDR-corrected significant, we retested the 
association after removing APOE (PRS-ADnoAPOE). Partial r2 of PRS-ADnoAPOE is depicted by a black cross if the 
association remained significant (p < .05). c Top features for classifying NC-long from AD-long individuals in ADNI data 
based on absolute change. Green text indicates whether the feature was present or not in the list of top features from 
the model shown in a. d PRS-AD associations in the LCBC dataset after predicting with ADNI-derived model weights 
based on absolute change. Here, the dependent variable is the model-implied log odds of having AD (probADabsChange). 
Bottom plot shows partial r2 for PRS-AD where the association survived FDR-correction, and partial r2 of PRS-ADnoAPOE 
is depicted by a black cross if the association remained significant after removing APOE (p < .05). Error bars depict 95% 
CI. lh=left hemisphere, rh=right hemisphere, vol=volume (subcortical); int=intensity (subcortical); w-g=grey/white matter 
contrast. Subcortical features (aseg atlas) are delineated with “.”, whereas cortical features (aparc atlas) are delineated 
with “_”. Error bars depict 95% CI. 
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SUPPLEMENTARY FIGURE 10 
PCA-based sliding window trajectory analysis. Within the 50-89 years age-range, we ran a sliding window PCA, 
iteratively calculating PC1 across 20 features with a step size of 3. We calculated the trajectory of absolute change within 
each window. Colours depict the selection of features across which we calculated PC1 (here including hippocampal and 
amygdala volumes) and link with the subsequent plots. Feature selections and colours high up in the importance matrix 
thus represent features that contribute most to separating AD patients from controls (i.e., AD importance), whereas 
selections that are comparatively lower down contribute less to this prediction. a Top features for classifying AD-long 
from NC-long individuals in ADNI data based on age-relative change (as in Fig. 4A). b Absolute change as a function of 
mean age (across timepoints) within each window. Since the y-axis in b, c, g and h represents change, the slope of the 
curves represents acceleration. Feature selections across the top 100 features are shown in colour (27 windows), 
whereas trajectories in grey represent feature selections beyond the first 100 features (up to 200 features; 61 windows). 
Features most important for separating AD patients from controls showed the highest rate-of-change and steepest 
acceleration in healthy individuals. c As in b, except the trajectories are averaged across the feature windows depicted 
in the key to better show their differences. Ribbons depict 95% CI. d Maximum rate-of-change and e acceleration of the 
brain aging trajectories in healthy individuals, plotted against AD-importance (x-axis shows the feature selections and 
thus implicitly represents AD-importance). Note that the plots confirm that maximal rate-of-change and acceleration in 
healthy individuals is found in brain features that are most important for separating AD patients from controls. f-j As in a-
e, except feature selections follow the order of importance of features for classifying AD-long from NC-long individuals 
based on absolute change (i.e. as in Supplementary Fig. 9C). Again, maximal rate-of-change and acceleration in healthy 
individuals was found in brain features that are most important for separating AD patients from controls. Error bands 
depict 95% CI. 
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SUPPLEMENTARY FIGURE 11 
Correlations between age-relative change estimates in the top 54 AD-accelerated features in LCBC data. 
Correlations are shown for the age-range 50-89 years. 54 features are shown due to the inclusion of hippocampal and 
amygdala volumes not otherwise included in PC1relChange.  
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SUPPLEMENTARY FIGURE 12 
Initial GAMM trajectory analysis separately in the BETULA and NESDA longitudinal replication samples (max 3 
timepoints) revealed a strong outlier in the left hippocampal slope data in each sample (datapoint in black indicates 
the large negative outlier in BETULA data [7.4 SD; top row], and the large positive outlier in NESDA data [5.5 SD; 
bottom row]). a-b These outliers are shown for each of their timepoints (leftmost plots), and absolute (middle plots) 
and age-relative change estimates (rightmost plots). c In BETULA, the strong outlier had a large influence on the 
tested PRS-AD association with age-relative change, shown before (β = -.12, p=.091; left plot) and after removal of 
this outlier (β = -.23; p=.004; right plot; one example score). The two samples were then collated into a single 
replication dataset and these outliers were removed. Error bands depict 95% CI. 
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SUPPLEMENTARY FIGURE 13 
a In the same 175 individuals in BETULA, PRS-AD beta estimates with age-relative change in left hippocampus were 
significantly lower (p = .009 [one-sided]) when their individual-specific slopes were estimated together with NESDA data, 
relative to when estimated using only BETULA data. b Beta estimates for individual-specific slopes (BETULA subjects) 
estimated from a GAMM using only BETULA data. c Beta estimates for individual-specific slopes (same 175 subjects) 
estimated from a GAMM across BETULA and NESDA data. Including more longitudinal observations in the GAMM 
helped optimize the estimation of individual-specific slopes, boosting the power to detect PRS-AD associations in the 
same individuals. Error bars depict 95% CI. 
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SUPPLEMENTARY FIGURE 14 
 
Multivariate change in AD features (PC1absChange) in healthy adults 
a For the LCBC adult lifespan discovery sample, top row shows the rate of absolute change (PC1absChange) which reflects 
the first derivative (i.e., the y-axis represents rate-of-change; see Methods). Bottom row shows the derivative of this 
curve, which therefore represents acceleration (i.e., second derivative). Left column: estimated using a Locally Estimated 
Scatterplot Smoothing (LOESS) model (as in Fig. 4 and Fig. 5). Right column: estimated using a General Additive Model 
(GAM). The first and second blue line markers indicate the onset of negative change (crossing to positive on the second 
derivative) and the point of maximum rate-of-change in AD features in healthy adults. Black points indicate the point of 
maximum accelerated change. b As above, shown for the adult lifespan replication sample. 
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SUPPLEMENTARY FIGURE 15 

 
Memory change trajectory across the healthy adult lifespan 
a Top row shows the rate of absolute memory change which reflects the first derivative (i.e., the y-axis represents rate 
of change; see Methods). Bottom row shows the derivative of this curve, which therefore represents acceleration (i.e., 
second derivative). Left column: estimated using a Locally Estimated Scatterplot Smoothing (LOESS) model (as in Fig. 
6). Right column: estimated using a General Additive Model (GAM). The first and second blue line markers indicate the 
onset of negative memory change (estimated at the minimum mean age of our sample) and the point of maximum rate-
of-change in memory in healthy adults (estimated at the maximum mean age of our sample). Black points indicate the 
point of maximum accelerated negative memory change. 
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SUPPLEMENTARY FIGURE 16 
 
Memory change results for alternative models correcting for additional covariates. a. Correcting for group-
differences in genetic risk (PRS-AD; PC1 across four scores), and b. group-differences in multivariate brain change 
across AD-accelerated features (PC1relChange). Group-differences in memory change persisted when controlling for 
differences in genetic risk but not when correcting for group-differences in brain change. Similar results were found 
correcting for the number of APOE-ε4 alleles. Other covariates: mean age, sex, number of timepoints, interval between 
first and last timepoint. c. Shown again for comparison, the association that was used to define four quadrant-groups 
representing the conjunction of brain and genetic risk factors (as in Fig. 4D; pink group depicts individuals high on 
both). 
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SUPPLEMENTARY FIGURE 17 
Memory change results for models across different age-ranges. a Group-differences in age-relative and b absolute 
memory change tested at progressively older age-ranges (main model). c Group-differences in age-relative and d 
absolute memory change across alternative age subsets (redundant subsets removed; standardized betas, 95% CI 
error bars). Colour depicts significance at p < .05 [uncorrected]. As these tests shed light on group-differences that 
survived FDR-correction in our main hypothesis-driven model, no further correction was applied. e The distribution of 
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group differences in age-relative (upper row) and absolute memory change (lower) within each age subset in C and D 
(Y axis shows Z values). The p-value of the group-difference is given above each plot. The reported group differences 
in memory change were not driven by the oldest adults but evident within the age-ranges 30-65 and 30-70 (all models 
and datapoints corrected for covariates: mean age, APOE-ε4 carriership, sex, N timepoints, and interval between first 
and last timepoint). The N of the two groups wherein the difference was found (a-d) and N of the overall model is given 
(e).  

 

 
SUPPLEMENTARY FIGURE 18 
a Spaghetti plot of raw memory scores on the CVLT learning subtests for the subset of individuals used to estimate 
memory change (707 observations of 261 individuals). b Individual-level mean scores across memory timepoints. Colour 
depicts mean age cut-off of 60 to highlight the overlapping distribution with younger participants. C In participants aged 
60 and above, the data indicated that individuals with more repeat visits tended to have better mean CVLT Delayed 
scores (most challenging subtest). However, note the association was not significant across the full data, but became 
significant when discarding the only individual with 6 timepoints (who seemingly detracted from this pattern). For reader 
interpretation, models, estimates and p-values are shown, with and without this individual included. 
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SUPPLEMENTARY FIGURE 19 
Frequency of APOE-ε4 genotypes per sample. Fishers exact tests indicated there were no significant differences 
between samples in the number of ε4 carriers (all p > .45). A significant difference in APOE-ε4 genotype was found 
between LCBC and BETULA only (p = .03), likely reflecting more ε4 homozygotes in LCBC (see also Supplementary 
Table 8). 
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SUPPLEMENTARY TABLE 1 
Description of the LCBC discovery healthy adult lifespan sample and the two Lifebrain cohorts that comprised the 
replication sample. Intervals are in years.  

 
 

SUPPLEMENTARY TABLE 2 
Cognitive test scores in the LCBC discovery sample. Individual-level scores are calculated as the mean across their 
timepoints. Mini Mental State Examination (MMSE) and Full Scale IQ (Weschler Abbreviated Scale of Intelligence) are 
given for all participants from the adult lifespan sample used to estimate brain change for which the data was available. 
CVLT scores are given for the subset used to estimate memory change (i.e., after discarding data from participants in 
memory training projects; Methods; Supplementary Note 1). 
 
 
 
 
 
 
 
 
 
 
SUPPLEMENTARY TABLE 3 
Description of the longitudinal ADNI training and AIBL test data. Intervals are in years.  
 
 

 

 
SUPPLEMENTARY TABLE 4 
MRI parameters 
FoV = field of view, iPat = in-plane acceleration, TE = echo time, TI = inversion time, TR = repetition time. 
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SUPPLEMENTARY TABLE 5 
The number of SNPs used to construct each PRS score. 

 
 
 
 
 

SUPPLEMENTARY TABLE 6 
Results from alternative analyses dependent on power across the full age-range (30-89 years; N = 229). Linear PRS-AD 
* mean age interactions upon age-relative change that were significant at p < .05 (uncorrected) are in bold. None of the 
tests survived FDR-correction across the 32 tests in this analysis. 
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SUPPLEMENTARY TABLE 7 
Results from alternative analyses dependent upon power across the full age-range (30-89 years; N = 229). FDR-
corrected significant linear PRS-AD * mean age interactions (in bold denoted with *) upon PC1relChange were found for all 
four GWAS-derived scores, indicative of steeper effects of PRS-AD upon multivariate age-relative change across AD-
sensitive features in older ages. Note that hippocampal and amygdala volumes were not included in PC1relChange to ensure 
these did not drive the multivariate effect (see Fig. 4A). FDR-correction was applied across all 4 tests performed in this 
analysis. 
 
 

  

SUPPLEMENTARY TABLE 8 
APOE genotypes per sample. *Because APOE alleles were derived using imputed genotypes (1000 Genomes Project 
Phase 3; hg19 build), 9 individuals in NESDA, and 1 individual in BETULA had ambiguous genotypes due to not having 
direct access to the two APOE indexing SNPs. 
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SUPPLEMENTARY NOTE 1 
 
 
LCBC Samples 
The main discovery sample consisted of magnetic resonance imaging (MRI) data collected across 5 projects at the 
Center for Lifespan Changes in Brain and Cognition (LCBC; Department of Psychology, University of Oslo). For the brain 
change analysis, to optimize individual-specific change estimates for all individuals, we used as many longitudinal 
observations as we could gather. Notably, the samples described below were all used in the brain change analysis, but 
many of these individuals had no genetic observations, and thus were not included in the PRS-AD association tests (see 
below). Brain change data over the following projects were used, and the number of individuals included in the genetic 
analysis [max N = 229] is also given per project. For the memory change analysis, to optimize individual-specific memory 
slopes for all we also used as many usable longitudinal memory observations as we could. However, we discarded all 
data for individuals involved in memory training projects with on-off designs over time, deemed likely to induce non-linear 
effects upon the individual-specific memory slopes.   
 
 
Cognition and Plasticity Through the Lifespan (MemP):  
For the brain change analysis, 537 scans of 185 individuals (mean age = 59.5 ± 13.0, age-range = 30.6 – 89.4, females 
= 110, 2–7 timepoints [TP’s]), collected on 3 different scanners were used (N 2TP’s = 57, 3TP’s = 93, 4TP’s = 33, 5TP’s 
= 1, 7TP’s = 1). The number of scans used here collected on each scanner was 489 (1.5T Avanto), 46 (3.0T Skyra) and 
2 (3.0T Prisma), respectively.  
For the genetic analysis, 81 individuals originated from this project. 
To estimate individual-specific memory slopes, 522 observations from 185 individuals originated from this project, 
 
This is an ongoing longitudinal study where cognitively healthy adults have undergone MRI scanning and 
neuropsychological evaluation. The study consists of four main recruitment waves (though note that the number of 
longitudinal timepoints ranges from 2-7). New participants were recruited at waves 1, 3 and 4. Participants were scanned 
up to 11.1 years after the initial scan. The interval between waves was approximately 3.5, 4.4 and, 1.7 years, respectively. 
Data acquisition took place between 2006 and 2023 at the center for LCBC. For more details see 1,2. Volunteers were 
initially recruited by newspaper advertisements and later contacted by mail for follow-ups. MRI sequences were acquired 
across three scanners (1.5T Avanto, 3.0T Skyra, 3.0T Prisma). 
 
 
Constructive Memory (MemC):  
For the brain change analysis, 85 scans of 42 individuals (mean age = 53.9 ± 13.4, age-range = 30.5 – 80.8, females = 
24, 2-3 timepoints [TP’s]), collected across two scanners were used (N 2TP’s = 41, 3TP’s = 1). The number of scans 
here collected on each scanner was 84 (3.0T Skyra) and 1 (3.0T Prisma), respectively.  
For the genetic analysis, 30 individuals originated from this project. 
To estimate individual-specific memory slopes, 80 observations from 41 individuals originated from this project. 
 
This project is a cross-sectional study where cognitively healthy adults underwent an fMRI source-item memory task. 
The protocol also included MRI scanning and neuropsychological evaluation. The sample was collected at the center for 
LCBC. The project is nested within the longitudinal Cognition and Plasticity through the Lifespan project. Data acquisition 
took place between 2013 and 2015. MRI sequences were acquired with a 3.0T Skyra scanner. See 3,4 for more details. 
 
 
Neurocognitive Plasticity (NCP):  
For the brain change analysis, 637 scans of 130 individuals (mean age = 70.5 ± 12.3, age-range = 30.1 – 84.0, females 
= 79; 2-3 timepoints [TP’s]), collected on a single scanner (3.0T Skyra) were used (N 2TP’s = 17, 3TP’s = 11, 4TP’s = 
12, 5TP’s = 24, 6TP’s = 60, 7TP’s = 6).  
For the genetic analysis, 117 individuals originated from this project.  
To estimate individual-specific memory slopes, 0 observations originated from this project (due to the complex on-off 
memory training design over time likely to induce non-linear effects upon individual-specific memory slopes; see below) 
 
This study consists of an experimental project of memory training with the “method of loci”, employing an on-off training 
design over time. The study includes two groups of participants (young and old) that underwent an ABAB design where 
a batch in each group started with a resting condition, and the other started with memory training (after a baseline test). 
The study also includes an active group without memory training. The participants were initially scanned up to 6 times, 
five of them before/after a block of training while the sixth time point consisted of a follow-up ≈ 2 years after the 
intervention (note that several participants also have a seventh timepoint). Participants were recruited through newspaper 
and web page adverts and were screened with a health interview. Participants were required to be either young or older 
(in or around their 20s or 70s, respectively) healthy adults. Data acquisition took place between 2013 and 2018. MRI 
sequences were acquired with a 3.0T Skyra scanner. See 5,6 for more details.  
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Method of Loci (Loci):  
For the brain change analysis, 112 scans of 41 individuals (mean age = 63.2 ± 9.1, age-range = 41.9 – 82.6, females = 
22; 2-5 timepoints [TP’s]), collected across two scanners were used (N 2TP’s = 13, 3TP’s = 27, 5TP’s = 1). The number 
of scans used here collected on each scanner was 110 (1.5T Avanto) and 2 (3.0T Skyra), respectively.  
For the genetic analysis, 1 individual originated from this project (individual with 5 timepoints; see below).  
To estimate individual-specific memory slopes, 111 observations from 41 individuals originated from this project (due to 
the simple pre-post memory training design [see below], individual-specific slopes are likely to be linear; note also that 
as only 1 individual here had genetic data, results of the longitudinal memory change analyses in the main paper –
requiring individuals with both genetic and memory data – are unaffected by including this project, except insofar as the 
additional longitudinal observations may boost power to estimate individual-specific memory slopes for all; see below) 
 
This study consists of an eight-week simple pre-post memory training experiment focused on improving verbal recall 
memory by implementing the mnemonic technique “method of loci”. Participants were scanned three times as part of the 
project: pre and post-training and a follow-up after 5 years. The number of timepoints included here therefore typically 
ranges from 2-3, though we note one participant originating from this project and included in the genetic analyses had 5 
timepoints, as they were assimilated into (or later found to be a duplicate ID) of a later LCBC project (MemC). The full 
project included both healthy controls and memory clinic patients. Only data from healthy controls was used here. Healthy 
volunteers were recruited through a local newspaper ad, screened by a structured interview, and randomly assigned to 
either an intervention group or a control group serving as passive controls. Cognitive assessments and the memory 
training program were conducted at the center for LCBC. Data acquisition for waves 1 and 2 took place between 2007 
and 2008 while the third wave was acquired in 2013. MRI sequences were acquired with a 1.5T Avanto scanner. See 7,8 
for more details. 
 

 
Set to Change (S2C):  
For the brain change analysis, 59 scans of 22 individuals (mean age = 44.6 ± 16.8, age-range = 30.2 – 79.0, females = 
13), collected on a single scanner (3.0T Prisma) were used (N 2TP’s = 7, 3TP’s = 15). 
For the genetic analysis, 0 individuals originated from this project (individuals were twins; see below). 
To estimate individual-specific memory slopes, 0 observations originated from this project (due to the complex on-off 
memory training design over time likely to induce non-linear effects upon individual-specific memory slopes; see below) 
 
This is the first LCBC twin project, where twins were invited to participate, as recruited through either the Norwegian twin 
registry or via ads on social media platforms. The project consists of a targeted experimental approach to test differences 
in neurocognitive plasticity by training of younger and older adult mono- (MZ) and dizygotic (DZ) twins. The project 
employs a memory intervention using navigation training while cycling in virtual reality through a bespoke virtual city. 
Twins are assessed with brain MRI, and cognitive measures at multiple time points across 2.5 years pre- and post- a 10 
week intervention in a AB/BA crossover design. Data acquisition began in 2019 and is ongoing. MRI sequences were 
acquired with a 3.0T Prisma scanner. Of the 22 individuals included in the brain change analysis here, 14 were MZ 
whereas 8 were DZ twins. 

 
 

Common information: 
Common exclusion criteria across all LCBC projects are outlined in the main paper. Written informed consent was 
obtained from all participants, and all studies were approved by the Regional Ethical Committee of South Norway. 
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SUPPLEMENTARY NOTE 2 
 
 
Dataset access 
Requests for access to the raw data can be directed to the Principal Investigators of the contributing studies: LCBC 
(Anders M. Fjell; anders.m.fjell@psykologi.uio.no), BETULA (Lars Nyberg; lars.nyberg@umu.se), NESDA (Brenda 
Penninx; b.penninx@amsterdamumc.nl). ADNI and AIBL (https://adni.loni.usc.edu/data-samples/access-data/). 
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Raymond Scott Turner, MD, PhD 
Robin Bean, RT 
Saurabh Sharma, MD 
 
Brigham and Women's Hospital:  
Gad Marshall, MD 
Aferdita Haviari, BA 
Alison Pietras, PA-C, ACP 
Bradley Wallace, BS 
Catherine Munro, PhD 
Gladiliz Rivera-Delpin, MA 
Hadley Hustead, BS 
Isabella Levesque 
Jennifer Ramirez, BA 
Karen Nolan, BS, RT (MR) 
Kirsten Glennon, RN, CNRN 
Mariana Palou, BA 
Michael Erkkinen, MD 
Nicole DaSilva 
Pamela Friedman, Psy. D 
Regina M. Silver, RN 
Ricardo Salazar, MD 
Roxxanne Polleys, AA 
Scott McGinnis (094), MD 
Seth Gale, MD 
Tia Hall, BS 
Tuan Luu 
 
 
Stanford University:  
Steven Chao, MD 
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Emmeline Lin, BS 
Jaila Coleman, BA 
Kevin Epperson, RT(R)(MR) 
Minal Vasanawala 
 
Banner Sun Health Research Institute 
Alireza Atri, MD, PhD 
Amy Rangel 
Brittani Evans 
Candy Monarrez 
Carol Cline, LMSW 
Carolyn Liebsack, RN, BSN, CCRC 
Daniel Bandy 
Danielle Goldfarb, MD 
Debbie Intorcia 
Jennifer Olgin 
Kelly Clark 
Kelsey King, CCRP 
Kylee York 
Marina Reade, RN, FNP-C 
Michael Callan 
Michael Glass 
Michaela Johnson, G-ACNP, BC 
Michele Gutierrez 
Molly Goddard 
Nadira Trncic, MD, PhD 
Parichita Choudhury, MD 
Priscilla Reyes 
Serena Lowery 
Shaundra Hall 
Sonia Olgin 
Stephanie de Santiago, RN, NP 
 
Boston University:  
Michael Alosco, PhD 
Alyssa Ton, BS 
Amanda Jimenez, MS, EMT-B, CPT 
Andrew Ellison, MR Technologist 
Anh Tran, RN 
Brandon Anderson, RT(N), CNMT 
Della Carter, MS 
Donna Veronelli, RTN, CNMT 
Steven Lenio, MD 
Eric Steinberg, RN, MSN, CNP 
Jesse Mez, MD, MS 
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Jason Weller, MD 
Jennifer Johns, RN 
Jesse Mez, MD, MS 
Jessica Harkins, CNMT 
Alexa Puleio, MS 
Ina Hoti, BS 
Jane Mwicigi, MBChB., MPH 
Alexa Puleio, MS 
Michael Alosco, PhD 
Olivia Schultz, BA 
Mona Lauture, RN 
Eric Steinberg 
Ridiane Denis, RN 
Ronald Killiany, PhD 
Sarab Singh, CNMT 
Steven Lenio, MD 
Wendy Qiu, MD, PhD 
Ycar Devis, MPH 
 
Howard University:  
Thomas Obisesan, MD, MPH 
Andrew Stone, MS 
Debra Ordor, RN, BSN 
Ifreke Udodong, CRNP 
Immaculata Okonkwo, DNP, MSN, APRN, FNP-BC 
Javed Khan, MD 
Jillian Turner, BS, MS 
Kyliah Hughes, BS, RMA 
Oshoze Kadiri, MPH 
 
Case Western Reserve University:  
Charles Duffy, MD, PhD 
Ariana Moss 
Katherine Stapleton, LPN 
Maria Toth (fmr Gross), RN 
Marianne Sanders, BSN, RN 
Martin Ayres 
Melissa Hamski 
Parianne Fatica, CCRC 
Paula Ogrocki, PhD 
Sarah Ash 
Stacy Pot 
 
University of California, Davis Sacramento :  
Doris Chen, MD 
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Andres Soto 
Costin Tanase, PhD 
David Bissig, MD, PhD 
Hafsanoor Vanya, BA 
Heather Russell (116), CNMT 
Hitesh Patel, CNMT 
Hongzheng Zhang, CCRP 
Kelly Wallace, CCRP 
Kristi Ayers, BS 
Maria Gallegos, BS 
Martha Forloines, PhD 
Meghan Sinn 
Queennie Majorie S Kahulugan, CCRC 
Richard Isip, RT (R)(N)(CT) 
Sandra Calderon, MS, RN, FMP-C 
Talia Hamm, BA, CCRP 
 
Parkwood Hospital: 
Michael Borrie, MD  
T-Y Lee, PhD  
Dr Rob Bartha, PhD 
 
University of Wisconsin:  
Sterling Johnson, PhD 
Sanjay Asthana, MD 
Cynthia M. Carlsson, MD 
 
Banner Alzheimer's Institute:  
Allison Perrin, MD 
Pierre Tariot, MD 
Adam Fleisher, MD 
Stephanie Reeder, BA 
 
Dent Neurologic Institute 
Horacio Capote, MD 
Allison Emborsky 
Anna Mattle, PharmD, MS 
Bela Ajtai, MD 
Benjamin Wagner, PA-C 
Bennett Myers 
Daryn Slazyk 
Delaney Fragale, PA-C 
Erin Fransen, PA 
Heather Macnamara 
Jonathan Falletta, PA-C 
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Joseph Hirtreiter, RN 
Laszlo Mechtler, MD 
Megan King 
Michael Asbach, RPA-C 
Michelle Rainka, Pharm. D., CCRP 
Richard Zawislak, NP 
Scott Wisniewski 
Stephanie O'Malley, PA-C 
Tatiana Jimenez-Knight 
Todd Peehler 
Traci Aladeen, PharmD 
Vernice Bates 
Violet Wenner 
Wisam Elmalik, MD 
 
Ohio State University:  
Douglas W. Scharre, MD 
Arun Ramamurthy, MD 
Soumya Bouchachi, MD 
Maria Kataki, MD, PhD - Past Investigator 
Rawan Tarawneh, MD - Past Investigator 
Brendan Kelley, MD - Past Investigator 
 
Albany Medical College:  
Dzintra Celmins, MD 
Alicia Leader 
Chris Figueroa 
Heather Bauerle, NP 
Katlynn Patterson 
Michael Reposa 
Steven Presto 
Tuba Ahmed 
Wendy Stewart 
 
Hartford Hosp, Olin Neuropsychiatry Research Center:  
Godfrey D. Pearlson MD 
Karen Blank, MD  
Karen Anderson, RN  
 
Dartmouth-Hitchcock Medical Center:  
Robert B. Santulli, MD  
Eben S. Schwartz, PhD  
 
Wake Forest University Health Sciences:  
Jeff Williamson, MD, MHS, FACP 
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Alicia Jessup, RN 
Andrea Williams 
Crystal Duncan 
Abigail O'Connell, APRN, FNP-C 
Karen Gagnon 
Ezequiel Zamora 
James Bateman 
Freda Crawford, CNMT 
Deb Thompson 
Eboni Walker 
Jennifer Rowell 
Mikell White, MHA 
Phillip "Hunter" Ledford 
Sarah Bohlman, MSL 
Susan Henkle, RN 
Joseph Bottoms, CNMT 
Lena Moretz, RT(R) CT (MR) 
Bevan Hoover, BS 
Michael Shannon 
Samantha Rogers, PA-C 
Wendy Baker 
William Harrison, MD 
 
 
Rhode Island Hospital:  
Chuang-Kuo Wu, MD 
Alexis DeMarco, BS 
Ava Stipanovich, BS, ScM 
Daniel Arcuri, CNMT, RT(N)(CT) 
Jan Clark, RN, BSN, CCRC, CSNT 
Jennifer Davis, PhD 
Kerstin Doyon, RN, BSN 
Marie Amoyaw, BA 
Mauro Veras Acosta, PENDING, BS 
Ronald Bailey, RT-R, CNMT 
Scott Warren, MD 
Terry Fogerty 
Victoria Sanborn, PhD 
 
 
Butler Hospital 
Meghan Riddle, MD 
Stephen Salloway, MD, MS 
Paul Malloy, PhD 
Stephen Correia, PhD  
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University of California San Francisco 
Charles Windon, MD 
Morgan Blackburn 
Howard J. Rosen, MD 
Bruce L. Miller, MD 
 
University of South Florida, Byrd Institute 
Amanda Smith, MD 
Ijeoma Mba, MBA, MPH 
Jenny Echevarria 
Juris Janavs 
 
University of Chicago 
Emily Roglaski, PhD 
Meagan Yong 
Rebecca Devine 
 
Eastern Virginia Medical School 
Hamid Okhravi, MD 
 
Charter Health Research Services 
Edgardo Rivera, MD 
Teresa Kalowsky 
Caroline Smith 
Christina Rosario 
 
Houston Methodist Neurological Institute 
Joseph Masdeu, MD, PhD 
Richard Le, PharmD 
Maushami Gurung 
 
Barrow Neurological Institute 
Marwan Sabbagh, MD 
Angelica Garcia 
Micah Ellis Slaughter 
Nadeen Elayan 
Skieff Acothley 
 
Nathan Kline Institute 
Nunzio Pomara, MD 
Raymundo Hernando 
Vita Pomara 
Chelsea Reichert 
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Ralph Johnson Veterans Administration Health Care Services 
Olga Brawman-Mintzer, MD 
Allison Acree 
Arthur Williams 
Campbell Long 
Rebecca Long 
 
Vanderbilt University Medical Center 
Paul Newhouse, MD 
Sydni Jenee Hill 
Amy Boegel 
 
University of Texas Health, San Antonio 
Sudha Seshadri, MD 
Amy Saklad 
Floyd Jones 
 
Rutgers University 
William Hu, MD, PhD 
V. Sotelo 
 
Gonzalez & Aswad Health Services 
Yaneicy Gonazalez Rojas, MD 
 
Medical University South Carolina 
Jacobo Mintzer, MD, MBA  
Crystal Flynn Longmire, PhD 
Kenneth Spicer, MD, PhD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	


