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Abstract

INTRODUCTION: While hallmarked by the accumulation of f-amyloid plagues (Ap) and
neurofibrillary tangles (tau) in the brain, Alzheimer’s disease (AD) is a multifactorial disorder that
involves additional pathological events, including neuroinflammation, neurodegeneration and synaptic
dysfunction. AD-associated biomolecular changes seem to be attenuated in carriers of the functionally
advantageous variant of the KLOTHO gene (KL-V Suer). Independently, better cardiorespiratory fitness
(CRF) is associated with better health outcomes, both in general and specifically with regard to AD
pathology. Here we investigate whether the relationships between CRF (peak oxygen consumption
(VOgpeax)) and cerebrospinal fluid (CSF) core AD biomarkers and those of neuroinflammation,
neurodegeneration, and synaptic dysfunction differ for KL-V Syer compared to non-carriers (KL-V Syc).

METHODS: The cohort, enriched for AD risk, consisted of cognitively unimpaired adults (N=136;
Meanace(SD)=62.5(6.7)) from the Wisconsin Registry for Alzheimer’s Prevention and the Wisconsin
Alzheimer’s Disease Research Center. Covariate-adjusted (age, sex, parental AD history, APOE4+
status, and age difference between CSF sampling and exercise test) linear models examined the
interaction between V Oypeac and KLOTHO genotype on core AD biomarker levelsin CSF

[ phosphorylated tau 181 (pTauis:), AR/ APao, pTauisi/APaz] . Analyses were repeated for CSF
biomarkers of neurodegeneration [total tau (tTau), a-synuclein (a-syn), neurofilament light polypeptide
(NfL)], synaptic dysfunction [neurogranin (Ng)], and neuroinflammation [glial fibrillary acidic protein
(GFAP), soluble triggering receptor expressed in myeloid cells (STREM2), chitinase-3-like protein 1
(YKL-40), interleukin 6 (IL-6), S100 calcium-binding protein B (S100B)].

RESULTS: Theinteraction between V Ogpeax and KL-V Syer was significant for tTau (P=0.05), pTauis:
(P=0.03), Ng (P=0.02), STREM 2 (P=0.03), and YKL -40 (P=0.03), such that lower levels of each
biomarker were observed for KL-V Syer who were more fit. No significant KL-V SxV Ogpea iNnteractions
were observed for AB42/ABao, PTauisi/AP4z, a-syn, NfL, GFAP, IL-6 or S100B (all Ps>0.09).

CONCLUSIONS: We report a synergistic relationship between KL-V Syer and CRF with regard to
pTauigs, tTau, Ng, STREM2 and Y KL-40, suggesting a protective role for both KL-V Syer and better
cardiovascular fitness against unfavorable AD-related changes. Their potentially shared biological
mechanisms will require future investigations.

KEY WORDS: AD risk, Alzheimer’s disease, exercise, protective factors, resilience,
cerebrospinal fluid biomarkers
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1 Research in Context

Systematic Review: PubMed literature review suggests that both KLOTHO KL-V S genotype and
cardiorespiratory fitness (CRF) are associated with pathophysiological processes related to Alzheimer’s
Disease (AD). Both KL-V'S heterozygotes (KL-V Syet) and those with higher CRF fare better when
faced with age-related biomolecular changes of relevance to AD. The present study investigates whether
the relationships between CRF and cerebrospinal fluid biomarkers (CSF) of core AD neuropathology,
neuroinflammation, neurodegeneration, and synaptic dysfunction differ for KL-V Syer compared to non-
carriers.

I nter pretation: Our findings suggest a synergistic relationship between KL-V Syer and higher CRF
against core AD pathology along arange of unfavorable biomolecular changes implicated in this
multifactorial disease. This supports the idea that CRF may interact with genetic factors to confer
resilience against a multitude of adverse AD-associated processes.

Future Directions: Future studies should examine longitudinal changesin CSF biomarkersto
determine whether maintaining or improving CRF over time enhances AD resilience in KL-V Syer.
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2 I ntroduction

Alzheimer's disease (AD), the most prevalent type of dementia, has garnered increasing attention asa
pressing public health concern, particularly in light of the growing elderly population [1]. Given that age
isthe most significant risk factor for AD, this demographic shift is expected to lead to a marked risein
the number of individuals afflicted by this neurodegenerative disease [1]. Characterized by distinct
pathophysiological hallmarks, the accumulation of beta-amyloid (AP) plaques and neurofibrillary
tangles (tau) in the brain, AD causes irreparable cognitive and functional impairments|[2]. This growing
burden—affecting over 55 million people globally—highlights the critical need for advancing research
efforts to develop preventative measures and therapeutic strategies to combat AD [1]. Thereisa
growing interest in research surrounding modifiable and non-modifiable factors that might mitigate AD
risk. Two such factors, a functionally advantageous KLOTHO KL-V S genotype (non-modifiable) and
cardiorespiratory fitness (CRF; modifiable), are of particular interest asthey are both associated with
various favorable outcomes related to AD [3-12].

KLOTHO is considered an anti-aging and longevity gene that encodes klotho, a transmembrane protein
responsible for regulating various aging processes in mammals[13, 14] . In humans, two genetic
variants of KLOTHO, rs9536314 and rs9527025, combine to form a functional haplotype known as KL-
VS[15]. The functionally advantageous KL-V'S genotype (KL-V Syet) is associated with higher
circulating klotho protein levels and more favorable outcomes related to cardiovascular health, renal
sufficiency, and cognitive function [14-17] within the context of aging. More recent literature examining
KLOTHO inrelation to AD suggests that KL-V Syer is associated with lower AP aggregation [11], tau
burden [3, 4] and AD risk in apolipoprotein E (APOE) &4 carriers [18]. Additionally, KL-VSqer’s
protective properties seem to extend to deleterious age-related changes in synaptic integrity,
neurodegeneration, and neuroinflammatory responses [ 12]. This apparent broad neuroprotection
suggests acritical role for KL-V Syet in safeguarding the brain from AD-associated biomolecular
changes and related pathological events[3, 4, 11, 12].

CRF, awidely recognized index of habitual physical activity, is associated with reduced risk for AD-
related dementia mortality [19], slower rates of gray matter atrophy in AD-relevant brain regions|[5, 10],
attenuation of white matter hyperintensities [20], and preservation of hippocampal volume with age
[21]. Furthermore, emerging evidence suggests that physical exercise positively impacts not only
cognition [5, 6, 10, 21] but aso the underlying disease mechanisms, including Ap deposition [7, 22, 23]
and tau burden [24]. Additionally, higher CRF is also associated with less neuroinflammation [25] and
better neuroplasticity [26]. The literature highlights the potential of CRF as a therapeutic strategy to
address various pathological mechanisms of AD.

While both KL-V Syer and CRF seem to confer resilience against deleterious AD-associated changes,
there is a notable absence of research that concurrently examines the synergy between these two factors
with respect to their combined impact on biomolecular changes associated with AD. Moreover, existent
interventions largely focus on mitigating Ap and tau burden, even though AD isamultifactorial disease
involving additional pathological processes, such as neuroinflammation, neurodegeneration, and
synaptic dysfunction [27]. Hence, the objective of the current study isto investigate whether the
relationships between CREF, indexed here by V Oapear, and cerebrospinal fluid (CSF) biomarkers of core
AD pathology, neurodegeneration, synaptic dysfunction, and neuroinflammation differ for KLOTHO
KL-VS non-carriers (KL-V Syc) and KL-V Syer in an older, cognitively unimpaired cohort enriched for
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AD risk. We hypothesize that KL-V Syer individuals with higher CRF will have a more favorable profile
of investigated CSF biomarkers compared to KL-V Syc.

3 Methods

3.1 Participants

The current sample is comprised of 136 (Meanace(SD) = 62.5(6.7); 64% female) cognitively unimpaired,
middle-aged and older adults from the Wisconsin Registry for Alzheimer’s Prevention (WRAP) [28] and
Wisconsin Alzheimer’s Disease Research Center (WADRC) [11] who were genotyped for APOE and
KLOTHO, underwent CSF sampling, and had available VO,p. data. The cohort was enriched for
parental history of AD at enrollment, and subsequently has a higher prevalence of APOE €4 allele
carriers (APOE4+) than what is observed in the general population. Cognitive normalcy was determined
by a standardized and multidisciplinary consensus based on performance on a comprehensive battery of
neuropsychological tests, lack of functional impairment, and absence of neurologic/psychiatric
conditions that might impair cognition [11, 28]. All study procedures were approved by the Institutional
Review Board at the University of Wisconsin and each participant provided written informed consent
before taking part.

3.2  Genotyping

Using the PUREGENE DNA Isolation Kit (Gentra Systems, Inc., Minneapolis, MN), DNA was isolated
from whole-blood samples. Ultraviolet spectrophotometry (DU 530 Spectrophotometer, Beckman
Coulter, Fullerton, CA) was used to measure DNA concentrations. Genotyping for APOE (rs429358 and
rs7412) and KLOTHO (rs9536314 for F352V and rs9527025 for C370S) was done by LGC Genomics
(Beverly, MA) via competitive allel e-specific PCR-based KA SP genotyping assays. Quality control
procedures have been previously published [11] and are considered acceptable. KL-V S homozygosity, a
rare genotype associated with lower klotho levels[16], was excluded from analyses due to sparse
sample size (N=6).

33 CSF Assessment

After a 12-hour fast, alumbar puncture was conducted at L3-4 or L4-5 using a drip method and/or
gentle extraction technique into polypropylene syringes using a Sprotte 24- or 25-gauge spinal needle. A
thin needle was used to inject 1% lidocaine as alocal anesthetic prior to theinsertion of the Sprotte
spinal needle. 22 milliliters of CSF from each sample were pooled, gently mixed, and centrifuged at
2,000 g for 10 minutes. Supernatants were kept at 80°C and frozen in 0.5 milliliters aliquotsin
polypropylene tubes.

Samples were analyzed for phosphorylated tau (pTauss;), APao, and APz to obtain biomarkers of core AD
pathology (pTaus:, AP/ APao, and pTaussi/APaz), Neurodegener ation [total tau (tTau), a-synuclein (a-
syn), neurofilament light polypeptide (NfL)], synaptic dysfunction [neurogranin (Ng)], and
neuroinflammation [glial fibrillary acidic protein (GFAP), soluble triggering receptor expressed in
myeloid cells 2 (STREM?2), chitinase-3-like protein 1 (Y KL-40), interleukin 6 (I1L-6), S100 calcium-
binding protein B (S100B)]) using the NeuroToolKit (NTK; Roche Diagnostics International Ltd,
Rotkruez, Switzerland). The NTK is apanel of exploratory prototype assays designed to robustly
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evaluate established AD biomarkers (Ap and tau) as well as emerging markers. This toolkit enables a
comprehensive characterization of AD pathology as well as apanel of synaptic, axonal, and glial
biomarkers, providing enhanced insights into the disease's pathophysiological processes[29].

34  Cardiorespiratory Fitness (V Ozpes) Assessment

Details of VO assessment have been previously published [6, 20]. To assess V Oz, the gold
standard for direct assessment of CRF [30], participants completed a maximal graded exercise test
administered by a certified exercise physiologist using standard operating procedures defined by
American College of Sports Medicine guidelines. Participants underwent medical screening, including a
resting ECG, to ensure safety before testing. Heart rate and rhythm were monitored continuously
alongside oxygen uptake (VOI 1), carbon dioxide production, and other respiratory metrics using a
calibrated metabolic cart (TrueOne® 2400, Parvomedics). Participants walked at a self-selected speed,
with treadmill incline increasing 2.5% every two minutes until volitional exhaustion. Peak effort was
defined by at least two of the following criteria: (1) respiratory exchange ratio greater than or equal to
1.1, (2) achievement of 90% of age-predicted maximum heart rate, (3) perceived exertion greater than or
equal to 17, or (4) changein VO; less than 200 milliliters with an increase in work. Participants could
stop the test at any point, and recovery involved walking at 2 mph and 0% grade for five minutes. The
analyses were limited to participants who reached peak effort during graded exercise testing.

35 Satistical Analyses

All analyses were performed in R Statistical Software version 4.3.0 [31]. Demographic characteristics
were compared between KL-V S,c(N=93) and KL-V S (N=43) using independent-sample t-tests for
continuous measures and y” tests for categorical measures. To examine whether the relationship between
VOypeac @Nd CSF biomarkers of core AD pathology, neurodegeneration, synaptic dysfunction, and
neuroinflammation differed between KL-V Syc and KL-V Syer, we fitted a series of linear regression
models that incorporated a KL-V S* VO iNteraction term, while covarying for age, sex, age difference
between CSF sampling and exercise test, APOE &4 status, and parental history of AD. If the interaction
was not significant, analyses were repeated after removing the KL-VS* VOype term to examine the
main effects of KL-VS and V Ozpeax t0 assess whether CSF biomarker levels differed by either factor
independently.

4 Results

4.1  Sample Characteristics

Table 1 details the background characteristics of the entire sample and by KL-V'S genotype. The sample
was predominantly white (98%) and female (64%), with an average age of 62.5+6.7 years and enriched
for AD risk, with 38% carrying at least one APOE &4 allele and 75% having a parental history of AD.

V Oypea AVeEraged 26.0+6.4 mL/kg/min. For the entire sample, the average age difference between CSF
sampling and the exercise test was 1.8+2.6 years. There were no significant differencesin any of the
above-mentioned characteristics between KL-VSyc and KL-VSyer (Ps> 0.17).

4.2  CSF biomarkers of core AD pathology as a function of the KLOTHO KLV S and VOzpex
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A significant interaction was observed between KL-VS genotype and V Ozpear for pTauss: (P=0.03;
Table 2). Figure 1 illustrates this relationship, whereby KL-V Syer who were more fit had lower levels of
pTaug. While KL-V SxV Oypea interaction was not significant for AB4/APao, the levels differed by KL-
V'S genotype as indicated by a significant main effect of KL-V'S (P=0.03). No significant interaction
(P=0.36) nor main effects of either KL-V S or VOypeac Were observed for pTauisi/ABa (Ps> 0.07).

4.3  CSF biomarkers of neurodegeneration, synaptic dysfunction and inflammation as a function of
the KLOTHO KLV S and VOgpex

A significant KL-V SxV Oypeax interaction was observed for markers of neurodegeneration [tTau:
P=0.05], synaptic dysfunction [Ng: P=0.02] and neuroinflammation [Table 2; STREM2: P=0.03; YKL-
40: P=0.03]. Figure 2A-D illustrates these findings, KL-V Syer with greater V Oypeax had lower levels of
tTau (A), Ng (B), YKL-40 (C) and STREM2 (D). KL-V SXV Oypeax interaction was not significant for o-
syn, NfL, GFAP, S100B or IL-6 (al Ps>0.09). Additionally, no main effects of either KL-VS or V Ozpeax
were significant for a-syn, NfL, GFAP or IL-6 (all Ps>0.10). S100B levels differed based on CRF, as
indicated by a significant main effect of VOgpea (P=0.02).

5 Discussion

Our findings suggest that KL-V Syer in conjunction with higher CRF may offer protection against a
variety of adverse biomolecular changes associated with AD. Specifically, we report a synergistic
relationship between KL-V Syer and higher CRF with regard to core AD pathology (pTauisy),
neurodegeneration (tTau), synaptic dysfunction (Ng) and neuroinflammation (STREM2 and Y KL-40).
Together, our results contribute to the growing literature supporting the role for KLOTHO in modulating
age-related neuropathological processes and provide novel insights into how modifiable lifestyle factors,
CRF specifically, may interact with genetic factorsto influence AD risk.

The significant interaction between KL-V Syer and CRF in relation to pTaugs; and tTau suggests akey
role for both fitness and genetic variation in mitigating tau-related pathology. Tau hyperphosphorylation
and aggregation are hallmark features of AD, contributing to neuronal dysfunction and cognitive decline
[27]. While CSF tTau and pTau are predictive markers of AD-related neurodegeneration and tangle
formation, they are not direct markers of these processes [32]. pTauig; iSalso increasingly recognized as
more indicative of Ap-related tau dysmetabolism [32]. Furthermore, we caution against the ssmplistic
interpretation of tTau as a marker of neurodegeneration given its nearly perfect correlation (~98%) with
pTaug; across our center-wide data[29], which suggests that the two measures may be largely reflective
of overlapping rather than distinct pathological processes in our cognitively unimpaired cohort enriched
for AD risk. Based on extant literature, we know that individuals with higher plasmatau who engage in
more physical activity show a deceleration in cognitive decline[33]. Moreover, there is evidence that
KL-V Syer is associated with lower tau burden in aging adults [3, 4], suggesting that the KL-V Syer
genotype may play arolein tau clearance or stabilization. Our study advances this understanding by
observing that, in KL-V Syer, higher CRF is associated with lesser CSF pTau and tTau levels,
suggesting a combined role of genetic predisposition and physical activity in potentially slowing AD-
related tau pathology. This supports the notion that physical activity may exert genotype-specific
effects, providing greater neuroprotection in individuals with the KL-V Syet genotype. Thus, increasing
CRF through exercise may serve as a preventative therapeutic strategy for KL-V Syer individuals,
potentially mitigating AD-related tau pathology and its detrimental effects on cognitive health.
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Ng is a postsynaptic protein expressed on postsynaptic spines of dendritesthat is critical for synaptic
plasticity and memory formation [34]. Elevated Ng levelsin CSF are increasingly recognized as a
marker of synaptic damage in AD [35]. Accumulating evidence suggests a protective effect of exercise
on synaptic health [26, 36, 37]. For instance, recent literature showed that higher levels of physical
activity are associated with lower Ng levelsin individuals with low cardiovascular risk [36] and
enhanced synaptic plasticity through the upregulation of brain-derived neurotrophic factor (BDNF) [37].
Animal models have demonstrated that elevated circulating protein klotho levels enhances synaptic
plasticity and increases the expression of GIUN2B, akey NMDA receptor subunit involved in synaptic
transmission [16, 17]. Our findings add to this body of research, showing that those with higher CRF
who concomitantly harbor the KL-V Syer genotype have lower CSF Ng levels, indicative of preserved
synaptic integrity. Furthermore, our results complement arecent study by our group, which reported that
KL-V Syt exhibit resilience against age-related increasesin Ng levels [12]. While potentially protective
effects of KL-V Syer on synaptic health were present independent of fitnessin our group’s previous
work [12] our current findings suggest that higher CRF may amplify this neuroprotective effect,
highlighting a potential synergistic protective relationship between KL-V Syer and CRF against AD-
related synaptic dysfunction.

Neuroinflammation plays a central role in the progression of AD, contributing to neuronal injury and the
accumulation of amyloid and tau pathology [38, 39]. Two key biomarkers of neuroinflammation,
STREM2 and YKL-40, reflect activity in microglia and astrocytes, respectively [40-42]. STREM2 isa
soluble form of triggering receptor expressed in myeloid cells 2 (TREM2), which is predominantly
expressed on microglia, theimmune cells of the central nervous system [43]. Upon microglial

activation, TREM2 signaling plays a crucial role in regulating microglial survival, proliferation, and
phagocytic activity in response to neuronal injury or the accumulation of pathological proteins such as
AP and tau. Therelease of STREM2 into CSF reflects this activation process and is thought to act as a
modulator of neuroinflammation, amplifying protective microglial responses [43]. In AD, the elevation
of STREM?2 is seen across different stages of the disease, with the largest increase reported during the
mild cognitive impairment (MCI) phase before transitioning to AD [44]. Moreover, CSF STREM2
levels are significantly elevated in individuals with AD compared to healthy controls [45]. This suggests
that microglial activation intensifies early in the disease process and persists throughout its progression,
making STREM2 a useful biomarker for tracking neuroinflammation within the context of
neurodegeneration.

Similarly, YKL-40, aglycoprotein primarily expressed by astrocytes, acts as an early indicator of
neuroinflammation and disease progression [42]. Growing evidence suggests that YKL-40isalso a
promising biomarker for glial inflammatory response in AD, with significantly elevated CSF levels
reported in individuals with AD compared to those cognitively unimpaired [42, 46], and also higher
levelsin APOE ¢4 carriers with MCI [47]. Exercise modulates these neuroinflammatory markersin AD;
CSF sTREM2 levels increase following physical activity, which may reflect transent microglial
activation in response to acute exercise in individuals with AD [48]. However, it isimportant to note
that individuals with AD typically exhibit elevated baseline CSF STREM2 due to disease-related
microglial activation [45], which may amplify the observed acute response. In contrast, our findings
demonstrate that, in KL-V Syet, higher CRF is associated with lower CSF concentrations of both
STREM2 and YKL-40. This contrast suggests that while acute exercise may transiently activate
microgliain individuals with AD, habitual exercise, reflected by higher CRF, may confer long-term
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neuroprotective effects by reducing chronic neuroinflammeation in otherwise healthy populations. This
implies a synergistic benefit of KL-V Syer and physical fitness, suggesting that exercise could offer
targeted benefits in reducing AD-related neuroinflammation in certain populations. Additionally, in the
present study, higher CRF was associated with elevated S100B levels regardless of KL-V'S genotype,
contrary to what would be expected based on the literature. Although S100B is generally linked to
inflammatory processes [49], its upregulation in individuals with higher CRF could indicate an adaptive
response, promoting repair and neurotrophic effects in the brain rather than solely reflecting
pathological inflammation. Further investigation is needed to clarify the role of S100B within the
context of fitness and neurodegeneration. Overall, our findings reinforce the idea that klotho, whichis
inherently higher in KL-V Syet, and CRF might interact to mitigate neuroinflammatory processesin AD,
providing a promising approach for slowing disease progression.

No significant interactions were observed for ApB-related biomarkers. Thisis noteworthy given that the
literature suggests that tau pathology might be more responsive to KL-V S heterozygosity compared to
AP accumulation [4]. Moreover, KL-V S-related effects on AB are more pronounced in individuals
carrying the APOE ¢4 alele [13], potentially explaining the absence of significant findings related to Ap
in our sample. Further studies are needed to elucidate whether longitudinal fitness interventionsyield
stronger effects on these biomarkersin KL-V Syer, especially in APOE e4-positive individuals.
Together, the evidence underscores the complexity of genetic and environmental interplay in
modulating AD-related biomolecular changes and emphasi zes the importance of refining intervention
strategies to target specific pathways and patient subgroups effectively [50].

This study is not without limitations. The cohort is predominantly white and well-educated, with a
higher proportion of participants with parental history of AD or carrying at least one APOE &4 dlele
compared to the general population. These characteristics may limit the generalizability of our results.
Furthermore, asthisis a cross-sectional study, we cannot assess the effects of the exposures on changes
in CSF biomarker levels over time. Another potential limitation is the time lag between the lumbar
puncture and the maximal graded exercise test; we did statistically adjust for this differential by
incorporating the time lag as a covariate in the model. Notwithstanding the limitations, we believe this
work makes a clinically meaningful contribution to the literature. Furthermore, WRAP and WADRC are
ongoing longitudinal studiesthat continue to collect data and have also recently increased efforts to
enroll participants from groups historically under-represented in research. Thus, future investigations
will be able to examine how the interaction between KL-V Syt and VO,pex relates to prospective
changes in the biomarkers examined in this study in larger, more diverse samples.

Overal, these findings suggest a positive synergy between KL-V Syer and better CRF. While the precise
mechanisms by which the KL-V Syer genotype or CRF exerts protective effects are not entirely clear, a
better understanding of lifestyle interventions aimed at improving fitness levels and genetic variants that
modify AD risk hold promise to provide new avenues for prevention or treatment.
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622 TABLES

623 Table 1. Background characteristics of study participants.

Entire Sample  KL-VSye | KL-VSuer | P

(N = 136) (N=93) | (N=43)
e :‘t(SC[;Q’)F 62.5 (6.7) ?62_'% 62.4 (6.7) | 0.73
Ee(r;)‘;"e 87 (64) 61(66) | 26(61) | 0.83
XIV?O'/E‘)* 133 (98) 91(98) | 42(98) | 0.38
QF(’%E‘“ 52 (38) 36(39) | 16(37) | 0.78
Za({z;‘ta' ALSIER) o1 A2 102 (75) 71(76) | 31(72) | 0.78
Qgeier?e(fgss)‘ Agewr 1.8(26) | 15(25) | 23(2.9) | .17
\I\;g;prfa(ks(g)u ST, 26.0 (6.4) (26%2) 257 (5.9) | 0.57

624 *Abbreviations: AD = Alzheimer’s disease; Age p= age at lumbar puncture; Agexercise = 80€ a the exercise test visit;

625 APOEA4+ = carrier of at least one APOE ¢4 allele; CRF = cardiorespiratory fitness; CSF = cerebrospinal fluid; KL-

626  VSier= KLOTHO KL-VS heterozygote; KL-VSyc =KLOTHO KL-V S non-carrier; mL/kg/min = milliliters per kilogram per
627  minute; SD = standard deviation; VOpex = peak oxygen consumption.
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Table 2. CSF biomarkers of core AD neuropathology, neurodegeneration, synaptic dysfunction, and
neuroinflammation as a function of the KLOTHO KL V'S and V Ozpeax.

AD Pathology Model B S.E. P
Main Effect* KL-VSper -0.01 0.01 0.03
ABa2l ABao Main Effect* VOapeak -0.002 0.002 0.50
Interaction KL-VSyer X VO2peak --- ---
Main Effect* KL-VSper 0.21 0.40 0.60
pTauigi/ABaz Main Effect* VOapeak 0.004 0.01 0.61
Interaction KL-VSher X VO2peak ---
Main Effect KL-VSyer --- ---
pTauis; Main Effect VOspeak --- ---
Interaction** | KL-VSper X VOzpeax -0.02 0.01 0.03
Neurodegeneration
Main Effect* KL-VSher 0.58 0.35 0.10
a-Synuclein Main Effect* VOspeak 0.001 0.01 0.91
Interaction KL-VSher X VO2peax --- ---
Main Effect* KL-VSper 0.05 0.31 0.54
NfL Main Effect* VOzpeak -0.001 0.01 0.88
Interaction KL-VSyer X VO2peak ---
Main Effect KL-VSyer --- ---
tTau Main Effect VO2peak --- -—-
Interaction** | KL-VSyer X VOopeak -0.02 0.01 0.05
Synaptic Dysfunction
Main Effect KL-VSyer ---
Neurogranin Main Effect VO opeak
Interaction** | KL-VSper X VOppeak -0.03 0.01 0.02
Neuroinflammation
Main Effect* KL-VSper 0.34 0.24 0.16
GFAP Main Effect* VOapeak -0.002 0.01 0.71
Interaction KL-VSher X VOopeak --- ===
Main Effect KL-VSyer ---
STREM2 Main Effect VOgpeak --
Interaction** | KL-VSper X VOzpeax -0.02 0.01 0.03
Main Effect KL-VSper --- ---
YKL-40 Main Effect VO2peak o= —
Interaction** | KL-VSper X VOzpeax -0.02 0.008 0.03
Main Effect* KL-VSper 0.15 0.20 0.47
S100B Main Effect* VOopeak 0.01 0.005 0.02
Interaction KL-VSher X VO2peax ---
Main Effect* KL-VSher 0.53 0.35 0.13
IL-6 Main Effect* VOapeak 0.004 0.01 0.61
Interaction KL-VSper X VOopeak --- - ---

Abbreviations. AB4./ABsg = p-amyloid 42/40; CSF = cerebrospinal fluid; GFAP = glial flbrlllary aC|d|c protein; KL-

VSier = KLOTHO KL-V S heterozygotes; KL-V Syc=

KLOTHO KL-V S non-carriers; NfL = neurofilament light
chain; pTauyg = phosphorylated tau 181; S.E. = standard error; STREM2 = soluble triggering receptor expressed on myeloid

cells 2; tTau = total tau; VOggea = peak oxygen consumption; Y KL-40 = chitinase-3-like protein
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“---" in the tables denotes a non-significant interaction or main effect.

**|nteraction: Results of linear regression model of KL-V'S, VOgpea, and KL-V SerXV Oxpear interaction on CSF biomarker.
Models were adjusted for age, sex, age difference between CSF sampling and exercise test, APOE &4 status, and parental
history of AD.

*Main Effect: Results of linear regression model of KL-VS and V Ogpes 0N CSF biomarker, excluding KL-V SyerXV Ogpeak
interaction when the interaction was not significant. Models were adjusted for age, sex, age difference between CSF
sampling and exercise test, APOE &4 status, and parental history of AD.
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FIGURES

Figure 1. KL-VS genotype differencesin CSF pTauss: based on CRF (VOgpeax). KL-V Syer with
high CRF had lower levels of pTaussg;.

AD Pathology
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Abbreviations: AD = Alzheimer’s Disease; kg = kilogram; KL-V Sjer = KLOTHO KL-V S heterozygote; KL-
V Syc =KLOTHO KL-V S non-carrier; min = minute; mL = milliliter; pg = picograms; pTau,g; = phosphorylated tau 181;
V Ozpes = peaK 0xygen consumption.
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738 Figure2. KL-VSdifferencesin CSF A) tTau, B) Ng, C) YKL-40, and D) STREM2 based on CRF
739  (VOgpeak). KL-V Syer with high CRF had lower levels of neurodegeneration (tTau), synaptic dysfunction
740  (Neurogranin) and neuroinflammation (STREM2 and Y KL-40).
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D. Neuroinflammation C. Neuroinflammation = KL-VSnc
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742  Abbreviations: KL-V Syer= KLOTHO KL-V'S heterozygote; KL-V Syc =KLOTHO KL-VS non-carrier; kg = kilogram; min =
743 minute ; mL = milliliter; ng = nanogram; pg = picogram; sTREM2 = soluble triggering receptor expressed on myeloid cells
744 2;tTau=total tau; VOzpex = peak oxygen consumption; YKL-40 = chitinase-3-like protein 1.
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