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Abstract

INTRODUCTION: Leisure activities impact brain aging and may be prevention targets. We
characterized how physical and cognitive activities relate to brain health for the first time in
autosomal dominant frontotemporal lobar degeneration (FTLD).

METHODS: 105 mutation carriers (C9orf72/MAPT/GRN) and 69 noncarriers reported current
physical and cognitive activities at baseline, and completed longitudinal neurobehavioral
assessments and brain MRIs.

RESULTS: Greater physical and cognitive activities were each associated with an estimated
>55% slower clinical decline per year among dominant gene carriers. There was also an
interaction between leisure activities and frontotemporal atrophy on cognition in mutation carriers.
High activity carriers with frontotemporal atrophy (-1SD/year) demonstrated >2-fold better
cognitive performances per year compared to less their active peers with comparable atrophy rates.

DISCUSSION: Active lifestyles were associated with less functional decline and moderated
brain-to-behavior relationships longitudinally. More active carriers “outperformed” brain volume,
commensurate with a cognitive reserve hypothesis. Lifestyle may confer clinical resilience, even
in autosomal dominant FTLD.
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Physical Activity; Exercise; Cognitive Activity; Cognitive Reserve; Frontotemporal dementia

1. INTRODUCTION.

Lifestyle behaviors (e.g., physical and cognitive activity) clearly impact brain aging
trajectories, are associated with reduced incidence and delayed onset of cognitive decline
with age[1-5] and improved outcomes in Alzheimer’s[6], vascular[7,8], and
Parkinson’s[9,10] diseases, yet they have not been examined in the context of
frontotemporal lobar degeneration (FTLD). Given the lack of current disease-modifying
pharmacological therapies, we need to understand alternate targets that may prevent or
mitigate disease trajectories and support the aging brain across neurodegenerative
syndromes.

FTLD is among the most common neurodegenerative diseases in adults <65 years old,
presenting with a range of behavioral, motoric, and language symptomologies, and unlike
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AD, up to ~40% of FTLD cases have a related family history with ~10% evidencing an
autosomal dominant mode of gene inheritance (i.e., C90rf72, GRN, MAPT)[11]. The
relatively high prevalence of family members and mutation carriers (MC) at-risk for adult
onset disease provides a unique opportunity for early implementation of potential primary
prevention approaches. Indeed, despite being autosomal dominant, recent work from the
DIAN Study demonstrated that AD MC with higher physical activity levels showed better
cognitive and functional outcomes, and lower pathological profiles of CSF Ap and tau
markers than their less active peers[12]. Additionally, previous works show that lifestyle-
related cardiovascular factors (e.g., obesity, diabetes, smoking) are elevated in individuals
with sporadic FTLD[13,14] and that higher occupational attainment is associated with
longer survival time, underscoring that life exposures may importantly alter risk and/or
disease trajectories in FTLD [15,16]. In the context of the large body of research in aging
and AD[17], these studies provide early evidence that neurodegenerative trajectories may be
modifiable through lifestyle even among autosomal dominant MC and in FTLD.
Interestingly, many of the posited mechanisms underlying the relationship between leisure
physical and cognitive behaviors and the brain[18-22] are also implicated in FTLD,
including immune/microglial[23-25] and synaptic[26] dysregulation. Lifestyle behaviors
may therefore represent a potentially modifiable intervention target to delay disease
progression or even prevent dementia onset at low cost with high scalability in FTLD.

As the first study to examine lifestyle activities in the context of FTLD, we aimed to
characterize the relationship between everyday physical and cognitive behaviors and brain
health outcomes in a longitudinally-followed cohort of autosomal dominant FTLD MC from
the ARTFL/LEFFTDS Study.

2. METHODS.

2.1. Participants.

174 family members affected by the genetic forms of FTLD enrolled in the multisite
Longitudinal Evaluation of Familial Frontotemporal Dementia Subjects (LEFFTDS) or
Advancing Research and Treatment in Frontotemporal Lobar Degeneration (ARTFL) studies
and were included. 105 individuals carried a pathogenic variant of the autosomal dominant
MAPT, GRN, or C9orf72 genes, and 69 were non-pathogenic gene carrying family members
(Table 1). FTLD-modified global Clinical Dementia Rating Scale (FTLD-CDR)[27] was
used as a marker of disease severity. The FTLD-CDR is a measure of disease severity and
includes ratings across six functional domains captured in the traditional CDR, in addition to
two new domains specific to the core clinical features of FTLD: language and behavior.
Following a standardized algorithm[27], the eight domain scores were summed to create a
global score (0-8), while each domain was scored on a scale from 0-3 and summed to create
a more continuous measure of symptom severity (0-24). All genetic testing was completed
in the same laboratory at the University of California, Los Angeles using standardized
methods previously described[27]. To capture a functionally intact comparison group,
noncarriers were only included in the current study if global FTLD-CDR=0 via study partner
interviews.
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The ARTFL/LEFFTDS consortia data represent ongoing longitudinal studies. In the current
study, among the MC followed longitudinally, all completed a baseline visit, 56 completed
one follow-up, and 6 completed two follow-up visits in the current analyses. Participants at
baseline did not demographically differ from those who completed follow-up visits (age F(2,
166)=0.68, p=0.51; sex /1/220.94, p=0.62; education F(2, 166)=0.90, p=0.41; genotype
1%=6.8, p=0.15).

2.2. Baseline Leisure Activity Assessment.

Participants completed self-reported measures of physical (Physical Activity Scale for the
Elderly (PASE)[28]) and cognitive (Cognitive Activity Scale (CAS))[2] activities. The PASE
is an 11-item self-administered measure of physical activity levels over the past 7 days in
three life domains: recreational, household, and work-related. Participants rated weekly
frequency and daily duration for the following recreational activities: walking; light,
moderate and strenuous sports; and strength training. For each activity, a score was obtained
by multiplying activity frequency by a task-specific weight according to the scoring manual.
Activity scores were then summed to calculate a total PASE score representing overall
physical activity level, with higher values indicating greater levels of current physical
activity and range from 0 to >400[29]. The PASE has been widely validated for use in older
adults across cultures, and demonstrated adequate test-rest reliability (ICC 0.49 to 0.95)[30],
intraclass correlation (alpha=0.65)[31], and construct validity[28,30,32].

The Cognitive Activity Scale (CAS) is a 10-item self-reported measure of engagement in
mentally stimulating recreational activities in the past 12-months adapted from the Mayo
group[33]. Participants rated frequency of participation from 1 (Mever) to 7 (Daily) across a
variety of activities, including reading, playing games or a musical instrument, artistic
activities, social activities, and computer use. Activity frequencies were summed, with
higher values indicating greater frequency of cognitive activity engagement and range from
0 to 70. This scale has been previously used in longitudinal studies demonstrating that late-
life cognitive activity was associated with better current cognitive status[33].

2.3. Clinical Outcomes

2.3.1. Neuropsychological Assessment.—Participants underwent the following
neuropsychological battery: Global cognition (Montreal Cognitive Assessment), episodic
memory (California Verbal Learning Test, 2" edition, short form, 10-minute Delayed
Recall; Craft Story 20-minute Delayed Recall; and Benson Figure 10-minute Delayed
Recall), processing speed (Trail Making Test, Part A, seconds), and executive functions
(Trail Making Test, Part B, seconds, and Digit Span Backwards, total score). Sample-based
z-score composites were calculated for episodic memory and executive functions; Trail
Making Test scores were log transformed to achieve greater normality for analyses.

2.3.2. Mood.—Participants completed the Geriatric Depression Scale (GDS) as an
indicator of depressive symptoms in the prior two weeks[34]. Higher scores on the GDS
indicate greater mood disturbance; GDS scores were log transformed to achieve greater
normality for analyses.
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2.3.3. Neuroimaging.—93 participants (54 MC and 37 noncarriers) completed at least
one 3-Telsa brain MRI on one of three scanners across study sites: Philips Medical Systems,
Siemens, or GE Medical Systems. Participants who completed MRI at baseline did not
statistically differ on demographics from those who did not complete an MRI (age t=—0.78,
p=0.44; sex ;(2:3.0, p=0.08; education t=—0.30, p=0.76); however, those who did not have
imaging were more functionally impaired (FTLD-CDR t=-2.6, p=0.009). A standard
imaging protocol was applied across centers and is managed and reviewed for quality by a
core group at the Mayo Clinic, Rochester, MN. We analyzed T1 images acquired as
Magnetization Prepared Rapid Gradient Echo (MP-RAGE) images using the following
parameters: 240 x 256 x 256 matrix; about 170 slices; voxel size = 1.05 x 1.05 x 1.25 mm3;
flip angle, TE and TR varied by vendor, and processed via a standardized SPM8 pipeline as
previously described[35], using a standard parcellation atlas (Desikan et al. 2006). We
summed all modulated gray matter atlas regions within the frontal and temporal lobes to
create a total frontotemporal volume ROI. In baseline cross-sectional models, we regressed
total intracranial volume from total frontotemporal volume and entered the resulting residual
(i.e., TIV adjusted volume) into our final models.

2.4, Statistical Analyses.

Baseline Models.—First, we conducted multivariable linear regression models to examine
differences in activity levels across symptomatic MC (FTLD-CDR=1), pre-to-early
symptomatic MC (FTLD-CDR<1), or non-carriers, adjusting for age, sex, and education.
Similarly, within the MCs, we examined activity level differences across genotypes,
adjusting for the demographic factor that the MCs differed on to a statistically significant
level, age. Statistically significant omnibus models were followed-up with Tukey HSD
pairwise comparisons. Unstandardized betas (b) and standardized betas () are reported.

Given our primary question centered on the role of lifestyle activity specifically in FTLD
MCs, all subsequent analyses were conducted within the MC cohort only. First, we
conducted multivariable linear regression models to examine the relationship between
lifestyle activities and disease severity (FTLD-CDRsb), adjusting for age, sex, and
education; next we additionally adjusted for disease severity (FTLD-CDRsb) and examined
the relationship between activity levels and neuropsychological performance, mood, or
frontotemporal brain volume outcomes (these brain volume imaging outcomes are adjusted
for total intracranial volume (TIV)).

Next, we examined the moderating effect of lifestyle activities on the relationship between
frontotemporal volumes and clinical outcomes. To do so, we conducted multivariable linear
regression with activity, frontotemporal volume, and the interaction between them entered as
independent variables and cognition as the dependent variable; also adjusting for age, sex,
education, FTLD-CDRsb (disease severity), and TIV. For all outcomes, separate models
were run for cognitive activity or physical activity.

Longitudinal Models.—In MCs, linear mixed-effects models were used to examine the
relationship between baseline activity levels and changes in disease severity (FTLD-
CDRsb). In addition, we examined the effect of baseline activity on neuropsychological
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performance, mood or frontotemporal brain volume trajectories over time, adjusting for
disease severity (FTLD-CDRsb). The primary predictors were activity, time from baseline
(measured as a continuous covariate), and the interaction between them. In these models, the
interaction between baseline activity and study time (years) was the primary independent
variable of interest (activity*time), indicating the effect of activity on the change in outcome
over time. The models also adjusted for baseline age, education, sex, and TIV (imaging
models only). We additionally modeled interactions between time and each covariate
(baseline age, education, sex, baseline FTLD-CDRsb) to adjust for possible nonlinear
temporal relationships between covariates and outcomes. To allow comparisons between
effect estimates of different models, each independent and dependent variable of interest was
converted into a sample-based z-score (calculated within the MC cohort at baseline) such
that beta values indicate 1-SD units of change (i.e., standardized betas).

Finally, we again examined the moderating role of lifestyle activities on the relationship
between frontotemporal atrophy and clinical outcomes among MC via linear mixed-effects
models while adjusting for baseline demographics and FTLD-CDRsh. To do so, we
decomposed frontotemporal volumes into within- (i.e., changes from baseline) and between-
(i.e., baseline) subject components in order to associate purely within-subject changes in
frontotemporal volumes with changes in clinical outcomes and to avoid estimation bias
resulting from incorrectly assuming common within- and between-subject effects following
guidelines from Neuhaus et al. [36,37]. We entered the interaction between within-person
frontotemporal changes by baseline activity level as the independent parameter of interest
with parallel models examining each clinical outcome (neuropsychological performance or
mood), adjusting for baseline frontotemporal volume, TIV, baseline demographics (age, sex,
education) and baseline FTLD-CDRsh. Again, all analyses were performed in parallel with
separate models for each of cognitive and physical activity, separately.

For the primary longitudinal models, effect sizes were calculated by comparing differences
in beta parameters (using the reported sample-based z-score units). For illustration purposes
(Figures 3-4), high (751%ile; PASE=200.2 and CAS=26) and low (5!%ile; PASE=14.5 and
CAS=6.3) activity levels were selected.

3. RESULTS.

3.1. Do Leisure Activities Differ across Autosomal Dominant FTLD Mutation Carriers and
Noncarriers?

At baseline, adjusting for demographics, levels of physical and cognitive activity differed
across MC and noncarriers (physical: 12=0.05, p=0.006; cognitive: 112=0.04, p=0.005). Non-
carriers demonstrated higher physical activity levels than the symptomatic (Tukey HSD =
56.5, 95% confidence interval [CI] = 16.3, 96.7, P = 0.003) but not the pre-to-early—
symptomatic MC (Tukey HSD = 19.7, 95% CI = -23.2, 62.7, P = 0.52). Noncarriers also
demonstrated higher cognitive activity than the symptomatic (Tukey HSD=5.02,
95%CI1=1.38, 8.65, p=0.004), but did not statistically differ from the pre-to-early
symptomatic carriers (Tukey HSD=1.3, 95%Cl= -2.56, 5.2, p=0.70). Symptomatic and pre-
to-early symptomatic MC groups did statistically differ (physical: Tukey HSD=35.7,
95%Cl=-12.0, 83.5, p=0.18; cognitive: Tukey HSD=3.7, 95%CI= -0.57, 7.99, p=0.10)
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(Figure 1). Within MCs, physical (n?=0.04, p=0.22) or cognitive (n2=0.02, p=0.37) activity
levels did not statistically differ by genotype (Figure 2). Physical and cognitive activities
were comparably associated within both MC (Spearman p=0.20, p=0.049) and noncarriers
(Spearman p=0.17, p=0.19).

3.3. Do Leisure Activities Affect Brain Health Outcomes in Autosomal Dominant FTLD
Mutation Carriers?

3.3.1. Baseline Models.—In MC, adjusting for demographics, higher physical and
cognitive activity levels were associated with lower clinical disease severity (FTLD-CDRsb)
(PASE: p=-0.23, b=-0.01, 95%CI=-0.02, -0.002; p=0.02; CAS p=-0.23, b=-0.12,
95%Cl -0.23, —0.02, p=0.02). Covarying for demographics and FTLD-CDRsb, only higher
physical activities were statistically associated with better mood (GDS p=-0.25, b= -0.002,
95%CI1=-0.004, —0.0004, p=0.02). The relationship between cognitive and physical
activities and other clinical outcomes (all p-values >0.15) or frontotemporal volumes (all p-
values >0.20) did not reach statistical significance within this dataset.

3.3.2. Longitudinal Models.—Adjusting for demographics, higher baseline physical
and cognitive activities were associated with slowed clinical disease severity (FTLD-CDsb)
over time (PASE*time p=-0.11, p=0.016; CAS*time p=-0.13, p=0.003)(Table 2 and Figure
5). Each 1 SD increase in physical or cognitive activity was associated with 62.0% or 55.2%
less clinical decline on the FTLD-CDsb per year, respectively. Adjusting for demographics
and FTLD-CDRsb, the relationships between baseline physical or cognitive activity levels
and longitudinal changes in other cognitive, mood, or brain volume outcomes not reach
statistical significance (all p-values>0.30; Table 2).

3.4. Do Leisure Activities Moderate Brain-Behavior Relationships in Autosomal Dominant
FTLD Mutation Carriers?

3.4.1. Baseline Models.

Physical Activity.: In MCs, adjusting for demographics and FTLD-CDRsb, there was a
physical activity by frontotemporal volume interaction on global cognition (MoCA,;
PASE*volume § =-0.22, p=0.036). MCs with higher reported physical activity showed a
significantly attenuated relationship between frontotemporal volumes and clinical
functioning compared to their less active peers. Parallel models demonstrated a similar
physical activity by volume interaction on processing speed (Trails A; PASE*volume
=0.05, p=0.07), and episodic memory (PASE*volume p=-0.21, p=0.09), though these
effects did not reach a.=0.05 threshold. There were no observed statistically significant
interactions between physical activity and frontotemporal volumes for executive functioning
or mood (all p-values>0.52; Table 3 and Figure 3).

Cognitive Activity.: Similarly, there was a cognitive activity by frontotemporal volume
interaction on global cognition (MoCA; CAS*volume p=-0.23, p=0.009), episodic memory
(CAS*volume p=-0.38, p<0.001), and executive functioning (CAS*volume p=-0.25,
p=0.03). The model examining processing speed approached, but did not reach significance
(CAS*volume p=0.17, p=0.09). Again, MC who reported higher levels of cognitive activity
demonstrated disproportionately weaker relationship between frontotemporal volumes and
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cognitive performance compared to their less cognitively active peers. There was no
statistically significant cognitive activity by frontotemporal volume interaction for mood
(p>0.38; Table 3 and Figure 4).

3.4.2. Longitudinal Models.

Physical Activity.: Adjusting for baseline demographics, FTLD-CDRsb, and baseline
frontotemporal volumes, there was an interaction between baseline physical activity and
within-person frontotemporal atrophy on changes in global cognition (MoCA) and
processing speed (Trails A)(all p-values<0.03 Table 4); models examining memory
approached, but did not reach statistical significance (p=0.09). MCs with higher baseline
physical activity demonstrated a significant attenuation in the relationship between
frontotemporal atrophy and cognition over time. High physical activity (751%ile) MCs with
1 SD of frontotemporal volume loss demonstrated 2.5-fold better global cognition and 2.7-
fold better processing speed per year compared to low physical activity (51%ile) MC with
the same amount of volume loss (Figure 4). The interaction between physical activity and
frontotemporal atrophy did not reach statistical significance for executive functioning or
mood (all p-values>0.62; Table 4).

Cognitive Activity.: In parallel models, there was an interaction between baseline cognitive
activity and within-person frontotemporal atrophy on episodic memory changes (p=0.29;
Table 4). High cognitive activity (75"%ile) MCs with 1 SD of frontotemporal atrophy
demonstrated 2.3-fold better memory performances per year compared to low cognitive
activity (5M%ile) MCs with comparable volume loss (Figure 6). The interaction between
cognitive activity and brain atrophy did not reach statistical significance for other clinical
outcomes (all p-values>0.19; Table 4 and Figure 6).

4. Discussion

We examined the direct and moderating effects of having physically and cognitively active
lifestyles for brain and cognitive health in autosomal dominant FTLD MCs. Overall,
physical and cognitive activities were lower in syndromically impaired MCs, and higher
baseline activity levels were associated with slower clinical decline (FTLD-CDR) in MCs
over time. Once adjusting for clinical severity, we did not observe strong direct relationships
between activity engagement and cognitive or brain outcomes; however, there were
significant moderating effects of leisure activities on the relationship between
frontotemporal brain volumes and cognition both at baseline and beginning to extend
longitudinally. Autosomal dominant MC who engaged in more physical or cognitive
activities at baseline demonstrated disproportionately better neuropsychological
performances given their frontotemporal atrophy compared to their less active peers. These
data suggest that: 1) lifestyle behaviors may play an important role in the clinical
presentation of genetic disease, conferring resilience even in autosomal dominant FTLD,
and 2) highlight the importance of expanding the extant aging and AD literature examining
environmental factors for cognitive health trajectories into FTLD.

Our pattern of results supports a potential “cognitive reserve” hypothesis in genetic FTLD.
While greater engagement in physical and cognitive behaviors were associated with less
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overall clinical severity both cross-sectionally and longitudinally, activities were not
significantly associated with frontotemporal volumes, particularly once adjusting for clinical
severity. These latter null findings may indicate 1) a small effect of lifestyle activities on
brain structure that we were not powered to detect (e.g., n=53 with imaging), and/or 2) that
leisure activities do not directly affect brain structure. Given the autosomal dominant nature
of the disease, perhaps it is less surprising that activities may have less of a direct effect on
brain structure; instead, it appears that lifestyle activities moderate how changes in brain
structure present clinically in the context of an ongoing genetic disorder. In other words,
perhaps the “protective mechanism” behind leisure activities does not directly affect brain
structure but instead affects other mechanisms that can influence how existing brain
structure functions (e.g., neuroinflammatory regulation, synaptic facilitation, glymphatic
clearance, etc.). Regarding this significant moderation effect, “cognitive reserve” refers to
the dynamic processes that support cognition and day-to-day functioning despite brain
changes or damage, and is operationalized as any factor that therefore interacts with or
modifies the brain-behavior relationship[38,39]. Though a latent construct and inherently
difficult to measure, “reserve” provides a useful framework to model and test factors that
contribute to the clinical heterogeneity of brain diseases and help identify potential
intervention points. In the context of our findings, our data suggest that lifestyle activities
may help maintain or support cognition despite, and particularly among, MCs demonstrating
atrophy; in other words, more active MC appeared to be defying traditional brain-behavior
relationships and “outperforming” what their brain volumes would otherwise predict,
consistent with a host of prior literature examining this activity-related cognitive reserve
phenomenon in aging, AD, PD, HIV, and MS, among others[40-43].

The important modifying role of lifestyle on brain development with age is becoming more
apparent across the spectrum of neurodegenerative diseases and converging evidence
demonstrates these effects even in autosomal dominant human diseases. Decades of large-
scale epidemiological works and growing clinical trials have demonstrated benefits of
physical and cognitive enrichment for the brain in “typical” aging and, most extensively, in
the AD spectrum[1,4,17,44-49]. In both the DIAN Study and Columbian (PSENI E280A
mutation) cohorts of autosomal dominant AD, greater physical activity and educational
attainment were associated with delayed estimated clinical onset, and in the DIAN cohort,
lower markers of AD pathology[12,50]. We are extending these findings into the FTLD
spectrum with autosomal dominant inheritance. Autosomal dominant neurodegenerative
disorders provide a powerful framework to test basic questions regarding disease
pathophysiology /n-vivo. Now, data across disparate autosomal dominant neurodegenerative
disorders demonstrate that lifestyle behaviors play a role in disease manifestation,
supporting the proof-of-principle that lifestyle is a candidate factor influencing the
development of neurodegeneration in humans.

Although the mechanisms underlying this relationship cannot be determined from our study
design, several candidate pathways may be implicated for future works. Decades of animal
studies have demonstrated the important, causal role of physical and cognitive enrichment
on synaptogenesis, including increased density of dendritic spines and arborization, and
development of more complex, perforated post-synaptic densities[18,51-53]. Perhaps these
behaviors help support synaptic homeostasis and resilience, promoting functioning even in
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the context of disease. Additionally, converging evidence suggests that immune functioning
may be at the crux, causally and/or secondarily involved, in the pathological development of
at least some forms of FTLD[23-25]. Engagement in more physically and also cognitively
enriched environments appears to directly modulate immune functioning in the brain,
including increased number of glial cells, astrocytic hypertrophy and ensheathement of
neurons, reduced microglial reactivity, and promotion of glymphatic clearance[19-21].
Perhaps more active and “enriched” lifestyles help prevent or mitigate FTLD-related
immune and glial dysregulation, thereby supporting functioning. Future works modeling the
effects of lifestyle in system models of FTLD, as well as utilization of novel molecular
biofluid markers in humans may help tease these mechanisms apart, inform our
pathophysiological understanding of FTLD, and help identify risk stratification and
monitoring tools for future behavioral interventions.

There are several limitations to our data. First, it is important to note that our design was
observational and the contribution of reverse causality must be considered (more impaired
individuals are engaging in fewer activities). We statistically adjusted for overall disease
severity (FTLD-CDRsb) in all primary models to help mitigate this effect and the
longitudinal component and nature of the interaction help support the high clinical
relevance, but future experimental interventions would be necessary to determine causality.
Additionally, only a subset of MC had available neuroimaging and ~50% had longitudinal
time-points. Several outcomes that reached significance in our baseline models did not hold
longitudinally, and the relationship between lifestyle activities and brain volumes did not
reach significance; given our sample size limitations, it is difficult to determine if these are
“true” null results or represent Type Il error. Nonetheless, we demonstrated a pattern of
significant baseline models that we began to expand longitudinally, and utilized mixed-
effects analyses to leverage all available data. However, larger cohorts and additional
longitudinal time-points are needed to replicate these findings and better estimate effect
sizes. Additionally, the clinical heterogeneity of genetic FTLD spans from motor neuron
disease to behavioral variant FTD and aphasia syndromes. Given our relatively small sample
sizes, we were unable to tease apart the impact of lifestyle on any specific genotype or
emerging clinical syndrome; this would be an important area of future inquiry and may help
support potential mechanistic pathways. Lastly, our measures of lifestyle activities were self-
report, which carry inherent social desirability and other potential biases, especially in
disease states[54].

Ours are among the first data supporting a potentially protective role of lifestyle behaviors in
FTLD and, in the absence of pharmacological interventions, underscore the need to study
these environmental factors across the neurodegenerative spectrum. Lifestyle behaviors may
be a contributing factor to the highly variable clinical onset and trajectory observed in
genetic FTLD, which has very relevant implications for clinical trials in search of predictive
algorithms and reliable endpoints. Potentially combining both pharmacologic and lifestyle
into holistic treatment approaches may represent a more powerful tool to promote brain
health and delay disease in MC. Future works are needed to: 1) further develop mechanistic
and other biomarker monitoring tools to understand how (and in whom) lifestyle affects
neurobehavior in FTLD, 2) integrate objective measures of lifestyle (e.g., activity monitors),
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and 3) manipulate lifestyle behaviors via experimental designs to better estimate effect sizes
and support causality.
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Research In Context.

Systematic review: We reviewed the literature using traditional sources (e.g.,
PubMed, GoogleScholar). Although more physically and cognitively
demanding lifestyles are consistently associated with better brain health
outcomes in typical aging and Alzheimer’s disease, its role in development of
frontotemporal lobar degeneration (FTLD) has been largely neglected. Some
preliminary works linked occupational complexity to outcomes in FTLD; we
extend to examine current lifestyle activities and test the veracity of this
relationship in individuals with autosomal dominant FTLD mutations.

Interpretation: Our results suggest that more active lifestyles are associated
with better clinical outcomes and greater clinical resilience in FTLD,
consistent with the Alzheimer’s literature. Importantly, these are the first data
to support the proof-of-principle that lifestyle appears to be important even in
autosomal dominant FTLD.

Future directions: These findings call for more in-depth work to parse out:
1) the molecular mechanisms driving these effects, 2) objective lifestyle
monitoring, and 3) experimental interventions to determine causality of
lifestyle on FTLD outcomes.
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Highlights.
. Can lifestyle modify development of autosomal dominant FTLD?
. More active lifestyles were associated with >55% slower decline in FTLD
carriers
. High activity carriers had >2x better clinical outcomes than predicted by
atrophy
. Low-cost lifestyle changes may modify autosomal dominant

neurodegenerative outcomes
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Figure 1.
Baseline levels of physical and cognitive activity are lowest in syndromic autosomal

dominant FTLD mutation carriers (adjusted for age, sex, education).
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Figure 2.
Baseline levels of physical and cognitive activities do not differ across FTLD genotype

(adjusted for age, sex, education, and FTLD-CDR sum of boxes).
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Higher levels of baseline physical and cognitive activities are associated with significantly
slower clinical decline over time in autosomal dominant FTLD mutation carriers (adjusted

for age, sex, education). Bands represent 95% CI.
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Figure 4.

Baseline models illustrating the moderating effect of physical activity on the relationship
between frontotemporal volumes and clinical outcomes in FTLD mutation carriers (adjusted

for age, sex, education, and FTLD-CDR sum of boxes).
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Baseline models illustrating the moderating effect of cognitive activity on the relationship
between frontotemporal volumes and clinical outcomes in FTLD mutation carriers (adjusted
for age, sex, education, and FTLD-CDR sum of boxes).
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Figure 6.

Baseline physical and cognitive activities significantly moderate the relationship between
frontotemporal atrophy and longitudinal clinical outcomes in autosomal dominant FTLD
mutation carriers (adjusted for baseline age, sex, education, and FTLD-CDR sum of boxes).

Bands represent 95% CI.
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Table 1.

Clinical and demographic characteristics of study sample.

(range: 0, 51)

(range: 9, 41)

Pathogenic Mutation Carrier | Noncarrier p-value
(n=105) (n=69)
Age, y 50.8 (14.3) 48.9 (13.2) 0.37
Sex, n, % F 49 (46.7%) 30 (43.5%) 0.68
Education, y 15.2 (2.4) 15.3(2.6) 0.68
Genotype (n, % of carriers)
CYorf72 50 (47.6%)
GRN 22 (21.0%)
MAPT 33 (31.4%)
Visits (n, % of group)
1 105 (100%)
2 56 (53.3%)
3 6 (5.7%)
Years followed (median, IQR) 0.84 (0, 1.06)
range: 0-2
FTLD-CDR Sum of Boxes (median, IQR) 1(0,5) 0(0,0) <0.001
FTLD-CDR Global (median, IQR) 0.5 (0, 1) 0 (0, 0) <0.001
MoCA Total Score 23.7 (6.9) 274 (2.3) <0.001
Episodic Memory (z-score) -0.13 0.30 <0.001
Trails A (seconds) (median, IQR) 27 (21, 45) 22 (18,27.5) <0.001
Executive composite (z-score) -0.29 (1.0) 0.28 (0.62) <0.001
GDS (median, IQR) 1(0, 4) 1(0,2) 0.16
Physical Activity Scale for the Elderly (PASE) | 138.5 (95.3) 180.7 (87.2) 0.005
(range: 0, 436.5) (range: 25, 360.9)
Cognitive Activity Scale (CAS) 20.2 (9.0) 23.4(7.9) 0.02

Page 25

Note. Means and SD reported unless otherwise specified. FTLD CDR = Frontotemporal Lobar Degeneration Clinical Dementia Rating; MoCA =
Montreal Cognitive Assessment; FAQ = Functional Activity Scale; GDS = Geriatric Depression Scale.
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