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ABSTRACT

Subjective cognitive decline and mild behavioral impairment identify older persons more likely to
have early Alzheimer’s disease. Vascular co-pathologies may also contribute to new onset and
persistent cognitive and behavioural symptoms later in life. We investigated vascular risk factor
associations with subjective cognitive decline and mild behavioral impairment.

Cross-sectional data for 1285 (81.0% female) participants without mild cognitive impairment or
dementia enrolled in the Canadian Platform for Research Online to Investigate Health, Quality of
Life, Cognition, Behaviour, Function, and Caregiving in Aging were analyzed. Vascular risk
factors included body mass index class, self-reported clinician diagnoses of hypertension; high
cholesterol, diabetes, self-reported smoking, and the cumulative number of vascular risk factors.
Outcomes were the Everyday Cognition scale and Mild Behavioral Impairment Checklist. Logistic
and negative binomial regressions were used to model odds and severity of subjective cognitive
decline and mild behavioral impairment as a function of individual or cumulative vascular risk
factors.

Having three or more vascular risk factors (odds ratio=1.23, 95% confidence interval [1.04—1.47]),
actively smoking (odds ratio=1.54, 95% confidence interval [1.29=1.82]), being overweight (odds
ratio=1.46, 95% confidence interval [1.22—1.74]), and having diabetes (odds ratio=1.29, 95%
confidence interval [1.09—1.53]) were associated with.higher,odds of subjective cognitive decline.
Having any number of vascular risk factors was.dose-dependently associated with higher odds of
mild behavioral impairment, as were all five vascular risk factors individually; active smokers
(odds ratio=2.67, 95% confidence interval {2:25—3.18]) and obese persons (odds ratio=2.29, 95%
confidence interval [1.91—-2.75]) had over twice the odds of mild behavioral impairment. Vascular
risk factors associations with subjective cognitive decline were stronger in participants with mild
behavioral impairment. All vascular risk factors were linked to higher Everyday Cognition and
Mild Behavioral Impairment Checklist total scores, indicating greater subjective cognitive decline
and mild behavioral impairment symptom severity. Overweight body mass index, hypertension,
and high cholesterol associations with subjective cognitive decline and mild behavioral
impairment were stronger in middle-aged adults than older adults, but diabetes and active smoking
had greater effects in older adults.

Vascular risk factors are strongly related to experiences of cognitive and behavioural changes in
later life, even in‘the absence of objective cognitive impairment. Furthermore, vascular
associations with'subjective cognitive decline symptoms may be more pronounced in persons with
concomitant behavioural decline. Vascular pathologies may contribute to both cognitive and
behavioural markers traditionally linked to Alzheimer’s disease in older persons, prior to mild
cognitive impairment and dementia.

Keywords: vascular risk factors, diabetes, smoking, subjective cognitive decline, mild behavioral
impairment

https://mc.manuscriptcentral.com/braincom

Page 2 of 32

G20z Aey Z| uo 1senb AQ G811 Z18/€9 |1B0)/SWWOooUIRIg/SE0L 0 | /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdly WoJj pepeojumoq



Page 3 of 32

oNOYTULT D WN =

Manuscripts submitted to Brain Communications

INTRODUCTION

Dementia exacts a profound toll on affected persons and their loved ones and on the
healthcare system. Dementia prevalence is expected to surge,! in part due to advancements in
modern healthcare that have effectively extended human longevity. Despite these advancements,
a definitive cure for dementia remains elusive.> However, dementia risk may be modifiable.3:
Systematic reviews and meta-analyses have identified a range of modifiable risk factors associated
with dementia risk, including low educational attainment, hearing loss, socialisolation;depression,
physical inactivity, body mass index (BMI), hypertension, diabetes, .and smoking.> Addressing
these risk factors, many of which are also vascular risk factors, may hold promise for averting or

postponing the onset of dementia.

The concept of mild cognitive impairment (MCI) has long been recognized as an approach
to identify a group enriched for prodromal Alzheimer’s disease.® MCI may be preceded by
subjective cognitive decline (SCD), which refers to an individual's self-perception of cognitive
decline without objective cognitive impairment on standardized neuropsychological tests.’
Epidemiological studies show SCD progression rates to MCI and dementia of 27% and 14% over
four years, respectively; with.SCD preceding dementia by up to 10 years.® Moreover, both
biomarker and neuropathological studies indicate that persons with SCD tend to have greater
amyloid and tau pathological burden compared to cognitively unimpaired persons without SCD,

thus identifying a group enriched for preclinical Alzheimer’s disease.”!!

Changes in behaviour are also core features of Alzheimer’s disease, which can even present
in advance of dementia, absent cognitive symptoms, or concurrently with subjective (i.e., SCD) or
objective (i.e., MCI) cognitive decline. To better describe these pre-dementia neuropsychiatric

symptoms (NPS) and to standardize assessment, the International Society to Advance Alzheimer’s
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Research and Treatment — Alzheimer’s Association (ISTAART-AA) published diagnostic criteria
for mild behavioral impairment (MBI) in 2016.'> Neuropsychiatric symptoms meeting these
criteria (i.e., later-life emergence representing a change from longstanding patterns of behaviour
or personality, and persistence for >6 months) have been shown to predict cognitive decline and
incident dementia across several studies,'*"!7 even when compared to neuropsychiatri¢c'symptoms
not meeting MBI criteria.!3-! When applied to any cognitive category (i.e., normal. cognition,
SCD, or MCI), MBI acts as an effect modifier, refining the at-risk group te select those who will
develop cognitive decline and dementia faster than persons in that eategory without MBI.20-22-24
Beyond dementia risk, MBI is also associated with poorer gait,>> impaired hearing,?® diabetes,?’
frailty,?82° loneliness,?° sleep disturbance,?' and poorer quality.of life,3? suggesting that MBI itself

be an important target for preventive or therapeutic intervention.3

Although both SCD and MBI were initially conceptualized as syndromes that identify
persons at risk for early-stage Alzheimer’s disease, it is increasingly being recognized that vascular
pathology may contribute to, and exacerbate, cognitive and behavioural symptoms in older
persons. Indeed, the majority of older persons with dementia also exhibit vascular burden.’*
Several studies have observed associations between SCD and features of vascular brain pathology,
such as white matter hyperintensities,>-3” and evidence of vascular links with MBI is also
emerging.’® These findings indicate that secondary prevention programmes targeting vascular
pathology may reduce overall cognitive and behavioural symptom burden. Indeed, individual
vascular risk factors (VRFs) and their aggregated burden are strongly associated with imaging
markers of cerebral small vessel disease,* and the declining incidence of dementia in several high-
income nations has been partly attributed to improved management of VRFs.*? It is now well-

accepted that several VRFs in midlife are linked to cognitive decline and greater dementia risk,
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including obesity, hypertension, high cholesterol, diabetes, and smoking, supported both by
observational studies and clinical trials, though some of these associations may be attenuated at
older ages and disease stages.> Several studies have also shown that the combined burden of several
VRFs, often operationalized in a study-specific manner, is also associated with cognitive decline

and dementia,*!*? implicating interventions that target multiple VRFs concurrently.*?

However, the relationship between VRFs and the earliest signs -of cognitive and
behavioural decline, namely SCD and MBI, has not yet been fully explored, especially among
community-dwelling older persons. A better understanding of these associations is warranted as
SCD and MBI are themselves associated with poorer immediate health outcomes?>-3? and manifest
during early stages of potential disease when participants-are.more physically and mentally able
to follow lifestyle interventions targeting multiple VRFs. Here, we investigate associations
between several VRFs, namely obesity, hypertension, high cholesterol, diabetes, and smoking, and
the earliest cognitive and behavioural signs of potential neurodegenerative disease, SCD and MBI.
We hypothesize that the presence of VREs is associated with greater odds of, and more severe,

SCD or MBI among a cognitively healthy cohort without MCI or dementia.

MATERIALS AND METHODS
Study Design

The Canadian Platform for Research Online to Investigate Health, Quality of Life,
Cognition, Behaviour, Function, and Caregiving in Aging (CAN-PROTECT) is an online
longitudinal observational cohort study, focusing on dementia-free community-dwelling
individuals aged >18 years. Participants were recruited from a variety of sources including local
communication channels (media publicity, university press partners, online content); existing

study cohorts and trials; advertisements in clinics; strategic targeting of nation-wide seniors’ and
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Alzheimer's Disease resource centres; and social media platforms. Annually, participants and their
study partners are asked to complete assessments of demographics, health, cognition, behaviour,
function, lifestyle, and more. Participants are given up to six months from registration to complete
all assessments, and several assessments are optional. Informed consent was obtained from all
participants as part of the online registration process and in alignment with the Declaration of
Helsinki. Ethics approval for the study was obtained from the Conjoint Health Research Ethics
Board at the University of Calgary (REB21-1065). A detailed description-of the study procedure

and existing cohort has been published elsewhere.**

Participants

We used baseline data from 1285 participants aged 50 years or older who completed the
relevant assessments on demographics, health, lifestyle, cognition, and behaviour. A flow diagram
detailing the inclusion/exclusion criteria isshown in Figure 1. After considering 2372 participants
for eligibility, 240 were excluded forbeing younger than 50 years old, as per the ISTAART MBI
criteria,'” 14 for having received a clinical diagnosis of MCI, and the remainder for not yet
completing the health questionnaire’(n=821), revised Everyday Cognition (ECog-II) scale (n=9),

or Mild Behavioral Impairment Checklist (MBI-C; n=3) at the time of data abstraction.

Measures

VRFs included BMI, self-reported clinical diagnoses of hypertension, diabetes, or high
cholesterol, and smoking. BMI (kg/m?) was derived from self-reported height and weight and then
was categorized into underweight (BMI<18.5), normal (BMI 18.5-25), overweight (BMI 25-30),
or obese (BMI>30).4 Smoking was categorized into three levels: never smoked, past smoker, and

active smoker. Furthermore, given evidence suggesting that cumulative number of VRFs may also
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be associated with dementia risk in a dose-dependent manner,*!*> we generated a cumulative VRF
burden variable specific to this study based on the number of VRFs present (0 VRFs — absent, 1

VRF — low burden, 2 VRFs — moderate burden, >3 VRFs — high burden).

Cognition was measured using the self-reported ECog-1II scale, which evaluates changes in
everyday cognition and function along the domains of memory (9 items), language (9 items),
visuospatial function (8 items), and executive function (15 items), collapsed across organizational,
planning, and divided attention complaints. Participants score each item based on a four-point
scale: 0=no change, 1=occasionally worse, 2=consistently a little ' worse; 3=consistently much
worse) relative to a participant’s own baseline.*® Participants were classified as having SCD if they
scored any ECog-II item 2 or greater (i.e., consistently alittle. or much worse).#’ The total ECog-

II score was calculated as the sum of all item scores.

The self-reported MBI-C, which has been validated in online settings,*® was used to
measure MBI symptoms in older personsaccording to the ISTAART-AA MBI research diagnostic
criteria.'># Participants identify whether.symptoms are present, and if so, score them from a scale
of 1-3. Symptoms are categorized into five domains: decreased motivation (6 items), affective
dysregulation (6 items), impulse dyscontrol (12 items), social inappropriateness (5 items) and
abnormal perception or thought content (5 items). The sum of item scores within each domain
served as.the domain scores and the sum of all item scores corresponded to global MBI symptom
severity (range=0-104). Participants who scored 8 or greater on the MBI-C were classified as

MBI+.30

ISTAART-AA MBI criteria stipulate that psychiatric conditions cannot better account for
symptoms.!? In legacy datasets with conventional measures of psychiatric and/or neuropsychiatric

symptomatology, this MBI criterion was operationalized by excluding participants with a history
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of psychiatric conditions. As we used the MBI-C as an outcome measure, this step was not
required; the MBI-C states explicitly that symptoms emerge de novo in later life and represent
change from longstanding patterns of behaviour or personality, intrinsically excluding non-MBI

NPS.#

Statistical Analysis

Demographic, VRFs, and outcome measures were summarized using means, standard
deviations (SDs), ranges, and percentages. To compare participants across different levels of VRF
burden, we used ANOVA for continuous variables or chi-squared tests for categorical variables.
Because several CAN-PROTECT questionnaires are optional, we compared the demographics of
participants who were excluded due to incomplete assessments with those included for analysis to

identify potential bias.

Because many VRFs correlate with each other with complex causal relationships (e.g.,
BMI, diabetes, and hypertension are all consequences of the metabolic syndrome),’! we built
separate models for each of the five VRFs, as well as for cumulative VRF burden. In each model,
one of the five VRFs, or'cumulative VRF burden, was treated as the exposure variable with SCD
status, MBI status; ECog-II score, or MBI-C score as the outcome variable (i.e., four separate
outcomes), resulting in a total of 30 models and 40 comparisons (as BMI and smoking status
variables eachihad three levels, and cumulative VRF burden had four levels). Also of interest were
also whether associations between VRFs and SCD wdiffered according to MBI status. Therefore,
we explored the effect of including VRF*MBI status multiplicative interaction terms into models

of SCD status as a function of a VRF as part of a secondary analysis.
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We modelled SCD and MBI statuses as a function of VRFs using logistic regression. To
model the continuous ECog-II and MBI-C total scores as outcomes, we applied negative binomial
regression as the distribution of ECog-II and MBI-C total scores both resembled Poisson
distributions (i.e., right-skewed whole numbers) with overdispersion (variance>mean). Both
logistic regression and negative binomial regression coefficients were exponentiated to facilitate
interpretation; odds ratios (ORs) were reported for logistic regression and exp[b] (i.e., factor
change in ECog-II or MBI-C total score in those with a VRF versus those-without) was reported

for negative binomial regression.

To reduce the risk of Type I error due to multiple comparisons; we adjusted the 40 primary
p-values of interest using the Benjamini-Hochberg procedure based on false discovery rate (FDR).
We refer to FDR-corrected p-values as g-values, and two-tailed g-values that were less than 0.05
were considered statistically significant. Propensity scores with inverse probability treatment
weighting (IPTW) were used to balance observed covariates including age, sex, years of education,
marital status, and ethnocultural.erigins across exposure groups. These propensity score weights
were used to adjust each regression model accordingly. We verified the performance of IPTW by
inspecting the coefficient of variance, effective sample sizes, and standardized mean differences

of covariates.

To further understand associations between VRFs, SCD, and MBI, we subsequently
conducted two secondary analyses, both exploratory in nature and therefore not included in the
cotrection for multiple comparisons. A subgroup analysis compared middle-aged (<65 years) and
older adults (>65 years), and a domain analysis investigated associations between VRFs and

individual ECog-II and MBI-C domains. All analyses were conducted using R version 4.3.0.
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RESULTS

Sample Characteristics

Table 1 presents sample characteristics for the total cohort and stratified by VRF burden
(n=1285). The cohort was mostly female (81.0%) and tended to report being married (78.2%),
with a mean+SD age of 64.6+7.4 years and 15.844.5 years of education. Participants mostly
identified as having North American (47.9%) and/or European (84.2%) ethnecultural origins.
Included participants were more likely to have been assigned female sex atbirth (81.0% vs 74.1%,
p<0.001) and to be married (78.2% vs 73.1%, p=0.008) than those excluded-for not completing

the relevant assessments. The two groups did not differ in the other demographic variables.

Nearly half (45.3%) of participants reported no"VRFs;31.0% reported having one VRF,
15.8% reported having two VRFs, and the remaining 7.9% reported having three or more VRFs.
Based on BMI thresholds, 42.6% of participants had a normal BMI (BMI 18.5-25), 31.1% were
overweight (BMI 25-30), and 26.4% were obese (BMI>30). A clinical diagnosis of hypertension,
high cholesterol, and diabetes~were reported by 28.0%, 23.5%, and 6.8% of participants,
respectively. More than half of patticipants had never smoked (54.1%), whereas 42.8% were past

smokers, and 3.1% were active smokers.

Prevalence and Severity of SCD and MBI

SCD (defined as at least one consistently worse cognitive complaint) was present in 26.7%
of.the entire cohort, with an average ECog-II total score of 11.6+11.2. The most prevalent
symptoms of SCD were changes in memory (21.2%), followed by language (12.6%), executive
function (10.5%), and visuospatial function (3.4%) [Supplementary Table 1]. MBI was present in

24.3% of all participants, with an average MBI-C total score of 5.2+7.2. Decreased motivation was

https://mc.manuscriptcentral.com/braincom
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the most frequently endorsed MBI domain (23.8%), followed by affective dysregulation (23.7%),
impulse dyscontrol (22.8%), abnormal perception or thought content (9.8%), and social
inappropriateness (9.0%). Participants with SCD did not always report MBI and vice versa: 61.6%
of participants reported neither SCD nor MBI, 14.2% reported SCD in the absence of MBI, 11.8%
reported MBI in the absence of SCD, and 12.5% reported both SCD and MBI. Nevertheless,
participants with MBI had 4.63 (95%CI [3.52, 6.10], p<0.001) greater odds of SCD, and every 1-
point rise in MBI-C total score was associated with a 1.05 (95%CI [1.05,-1.06], p<0.001) times

greater ECog-II total score.

VRF Associations with SCD and MBI

Having three or more VRFs were associated with 23% higher odds of having SCD
(OR=1.23, 95%CI [1.04—1.47], q=0.02) relative to persons with no VRFs. In contrast, persons
with one or two VRFs did not significantly-differ from persons with no VRFs in terms of the odds
of having SCD [Table 2]. Across the fiveindividual VRFs, three were associated with higher odds
of having SCD. The largest effect was observed for active smokers (OR=1.54, 95%CI [1.29—-1.82],
q<0.001) and persons classified as‘overweight according to BMI thresholds (OR=1.46, 95%CI
[1.22—1.74], g<0.001). Diabetes and obesity were also associated with a 29% (OR=1.29, 95%CI
[1.09—-1.53], g=0.005) and 26% (OR=1.26, 95%CI [1.05—1.50], q=0.01) greater odds of SCD,
respectively.. However, hypertension (OR=1.14, 95%CI [0.96—1.36], q=0.15), past smoking
(OR=1.13, 95%CI [0.95-1.35], g=0.17), and high cholesterol (OR=1.09, 95%CI [0.92—1.30],
q=0:33) were not associated with the presence of SCD. Subgroup analyses revealed that these
associations were generally stronger among middle-aged (<65 years) adults and attenuated or no
longer statistically significant in older adults (>65 years), particularly for overweight BMI and

hypertension [Supplementary Table 2].
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Having any number of VRFs was associated with greater severity of SCD symptoms, as
measured by the ECog-II total score, in a dose-dependent manner [Table 2]. Furthermore, all five
individual VRFs were associated with greater severity of SCD symptoms. Diabetes exhibited the
greatest effect: persons with diabetes had an ECog-II total score that was 1.40 times (95%CI
[1.30—1.51], g<0.001) greater than persons without diabetes, equivalent to approximately a 5-point
rise in ECog-II total score from 11 to 16. Similarly, active smokers reported ECog-II total scores
that were 1.31 (95%CI [1.22—1.41], g<0.001) times higher than persons who had never smoked,
although notably past smokers did not differ from non-smokers (exp[b]=1.00, 95%CI [0.93—1.08],
g=0.93). The remaining VRFs of overweight, obese, hypertension, and high cholesterol were
associated with 1.10-1.25 times higher ECog-II scores, as shown in Table 2. VRF associations

with individual ECog-I1 domains are shown in Supplementary Figure 1.

In contrast to SCD status, where only three or more VRFs were associated with greater
risk, any number of VRFs were associated with greater odds of MBI status in a dose-dependent
manner [Table 3]. Likewise, all five individual VRFs were associated with greater odds of MBI+
status [Table 3]. Active smoking.and obesity were most strongly linked to MBI+ status: active
smokers had more than twice the odds of MBI+ status than non-smokers (OR=2.67, 95%CI
[2.25-3.18], g<0.001), as did persons classified as obese relative to persons with normal BMI
(OR=2.29, 95%CI [1.91-2.75], q<0.001). Like with SCD, VRF associations with MBI were
generally stronger in the middle-aged group compared to the older adult group, particularly for
overweight BMI, hypertension, and high cholesterol [Supplementary Table 2]. Interestingly,
diabetes and active smoking showed the opposite pattern with greater effects in older adults than
in middle-aged adults. VRF associations with individual MBI-C domains are shown in

Supplementary Figure 2.
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In line with VRF associations with MBI+ status, both the cumulative number of VRFs and
each of the five VRFs individually were all linked to higher MBI symptom severity, with active
smoking and obesity showing the largest effects [Table 3]. MBI symptoms were nearly doubled in
active smokers compared to non-smokers (exp[b]=1.96, 95%CI [1.77-2.16], q<0.001), equivalent
to approximately a 5-point rise in MBI-C scores from 5 to 10. Persons classified with‘obese also
reported MBI symptoms that were 1.60 times (95%CI [1.44—1.77], q<0.001) greater.than those
classified as having normal BMI. Similar associations were observed for hypertension, diabetes,

past smoking, and having a BMI classification of overweight, as shown in Table 3.

The secondary analysis revealed effect modification by MBI status for some of the VRFs
in association with SCD. VRF variables were more strongly.associated with SCD among MBI+
individuals for the three or more VRFs group (MBI+ OR=2.21, 95%CI [1.44-3.39], p<0.001 vs
MBI- OR=0.24, 95%CI [0.15-0.37], p<0.001), obese BMI (MBI+ OR=1.63, 95%CI [1.11-2.38],
p=0.008 vs MBI- OR=0.68, 95%CI [0.50—-0.91], p=0.007), diabetes (MBI+ OR=2.83, 95%CI
[2.08-3.84], p<0.001 vs MBI-"OR=0.37, 95%CI [0.27—-0.49], p<0.001), and active smoking
(MBI+ OR=2.14, 95%CL [1.49-3.06], p<0.001 vs MBI- OR=0.41, 95%CI [0.29—-0.59], p<0.001)
[Figure 2]. Effect modification was not seen for less than three VRFs (low pi,=0.32, moderate
Pin=0.29), overweight BMI (p;,=0.08), hypertension (p;,=0.61), high cholesterol (p;,=0.13), and
past smoking (pin=0.39).

DISCUSSION

In a sample of community-dwelling older persons without MCI or dementia, having three
or more VRFs, or individual VRFs of diabetes, active smoking, overweight, and obesity were
linked to higher odds of having SCD. Having any number of VRFs, or individual VRFs of

hypertension, high cholesterol, and past smoking were also associated with higher odds of having
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MBI. All VRFs were associated with more severe cognitive and behavioural symptoms in a dose-
dependent manner, suggesting that greater management of VRFs may be beneficial for cognitive
and behavioural health at older ages. Interestingly, associations of many VRFs with SCD were

stronger in MBI+ persons.

Our study is consistent with findings demonstrating relationships between VRFs and
cognition. Poorer cardiovascular health score, comprising both the presence of VRFs and lifestyle
factors, has been associated with higher dementia risk.*! Individual classification ofhigher BMI,>?
diagnoses of hypertension,>? diabetes,>*” and active smoking>%-! in'mid-.to late-life have all been
independently associated with cognitive impairment, often. even, in advance of dementia.
Furthermore, although hypertension and high cholesterol:were not associated with higher odds of
SCD in the present study, they were associated with mere severe symptoms of SCD, consistent
with existing literature.®?-%4 Several mechanisms explain how the presence of VRFs may contribute
to downstream changes in cognition. For instanee, hypertension is a strong and common risk factor
for cerebral large and small vessel disease, and through subsequent vascular lesions, may give rise
to cognitive impairment.34.95-6¢ Indeed, several forms of cerebral small vessel disease have been
linked to cognitive impairment, even after accounting for other age-related neuropathologies,
including Alzheimer’s disease.5” Vascular pathology may also interact with Alzheimer’s disease
pathology to promote cognitive decline.®® Together, these findings indicate that vascular

pathology, promoted by VRFs, may manifest as SCD at early stages of disease.

Later-life emergent and persistent changes in behaviour and personality (i.e., MBI) are
increasingly recognized as primary sequelae of underlying neurodegenerative disease as opposed
to simply secondary consequences of cognitive impairment.'??? Yet, research surrounding MBI

has largely focused on its function as a marker for Alzheimer’s disease.®® A growing body of
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evidence suggests a strong link between MBI and Alzheimer’s disease pathology, including greater
amyloid-f, phosphorylated tau, and neurofilament light pathological burden,?%-?470-74 thus,
enriching samples for preclinical or prodromal Alzheimer’s disease.?’ However, just as cognitive
impairment may arise from a variety of overlapping neurodegenerative and vascular etiologies, so
may MBI; studies of the latter have only recently begun to emerge. In two Singaporean studies
examining hypertension, diabetes, and hyperlipidemia, only diabetes was associated with MBI.?7-7>
Similarly, an Indian study identified a higher prevalence of diabetes among patients with MBI
compared to those without.” These associations were generally observed within a cohort of
memory clinic patients, often with MCI. Our study provides evidence from a larger sample of
community-dwelling older persons without objective cognitive impairment that BMI,
hypertension, high cholesterol, diabetes, and smoking are all associated, to various degrees, with
measurable changes in behaviour. Future research involving longitudinal data will be required to

interrogate these relationships further and to elucidate underlying biological mechanisms.

The value of behavioural assessments in understanding the consequences of vascular
pathology in the brain was highlighted not only by our finding that VRFs are associated with MBI,
but also that VRF associations with cognition were generally stronger in older persons with MBI.
In persons without MBI, VRF associations with cognition were weaker or not observed entirely.
We propose two explanations for this finding. First, symptoms of MBI may directly influence VRF
management) at an individual level. Decreased motivation, for example, may lead to poorer
adherence to VRF medications and lower participation in lifestyle activities, such as exercise, that
are known to mitigate VRFs. As such, individuals with MBI may have more severe VRFs,
resulting in more severe vascular pathology in the brain and greater cognitive impairment. Second,

participants with MBI may represent a sub-cohort that is more likely to exhibit clinical symptoms
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in response to vascular pathology. This may be because older persons with MBI are more likely to
also have preclinical Alzheimer’s disease, which when occurring in the presence of vascular
pathology is known to lead to earlier symptom onset,”” or because they have a lower degree of
resilience to early stages of brain pathology. Evidently, the mechanisms underlying” this
phenomenon remain poorly understood and replication in other cohorts is necessary. Nonetheless,
future research on the effects of vascular pathology on cognition may benefit from consideration
of behaviour. Clinically, these findings suggest that older adults with a high-burden of VRF should
be assessed for both cognitive changes and behavioural changes, both of which also serve as
markers of elevated disease risk. Indeed, multidomain lifestyle interventions may be most effective

in older adults at greater risk of dementia, as demonstrated by-large-clinical trials.*?

The strength and direction of VRF associations:with dementia are known to vary across
the life course.”®#! Our study, which was conducted in‘a pooled sample of participants in midlife
or later life, generally found that the presence of VRFs was associated with higher odds and
severity of SCD and MBI _symptoms. Subgroup analyses revealed that hypertension,
overweight/obese BMI, and high choelesterol associations with SCD and MBI were stronger in
middle-aged adults and attenuated in older adults, consistent with the literature.’”-8? These patterns
may be explained by'a dynamic trajectory of VRFs over the disease course. Higher blood pressure,
weight, and cholesterol levels may contribute to greater cerebrovascular pathological load in
midlife, thereby impairing brain function and resulting in SCD and MBI. At later stages of disease,
impaired brain function may be accompanied by sharply declining blood pressure, weight, and
cholesterol levels, as has been observed at time points closely preceding a dementia diagnosis.®?
Interestingly, certain VRFs such as diabetes and active smoking were more strongly associated

with MBI in older adults than in middle-aged adults, suggesting that the moderating effect of age
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may work in the opposite direction for different VRFs. These findings warrant future studies with
longitudinal designs to better understand how the trajectory of VRFs may be associated with SCD

and MBI over time, and across different age groups.

One of the primary strengths of our study lies in the inclusion of a large premorbid.cohort,
allowing for robust examination of potentially modifiable associations pertaining to SCD.and MBI.
However, it is essential to acknowledge certain limitations. For example, while the fully online
design of the study allows for greater recruitment, measures are mostly festricted to self-reports
that cannot be fully validated using other sources or clinical assessments, including the clinical
diagnoses of VRFs and cognitive statuses in this study. Replications in other cohorts are needed.
The predominance of female volunteers, constituting 81%-oef the current sample, introduces a sex
bias and stands as a potential limitation to the generalizability of our findings. Relatedly, the
ethnocultural distribution of our cohort, comprising mostly of persons with European or North
American origins, underscores the necessity for further investigations across more diverse
ethnocultural samples. The cross-sectional design of our study precludes conclusions about causal
pathways and mechanismsunderlying the observed associations. Importantly, we were unable to
thoroughly assess theimpact of VRF medications on the observed associations as the vast majority
of participants with VRFs reported taking medications for their VRFs. Along with medications for
cognitive and behavioural symptoms, future studies should determine whether medications or
lifestyle interventions can reliably impact the observed association between VRFs, cognition, and
behaviour. Such studies may reveal therapeutic interventions for SCD and MBI symptoms, the

latter of which has notably begun to garner attention in clinical trials.??
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CONCLUSION

Vascular pathologies are increasingly recognized as major contributors to brain health in
older persons. Furthermore, unlike other neurodegenerative diseases, vascular pathologies may be
reduced through stringent management of VRFs. We demonstrate that the presence of VRFs,
including elevated BMI, hypertension, high cholesterol, diabetes, and active smoking are
associated with SCD and MBI in community-dwelling older persons without MCI or dementia.
Hence, prudent consideration should be given to the early mitigation of VRFEs to potentially
attenuate the likelithood of early cognitive and behavioral symptoms and’ future dementia
incidence. Furthermore, more research is needed to better understand vascular links to behaviour

and the role of behaviour in investigating vascular associations with cognition.

https://mc.manuscriptcentral.com/braincom

Page 18 of 32

G20z Repy z1 uo 1senb Ag 68| L Z18/S911B0)/SWWOodUIRIG/E60 L 0 L /IOP/8|o1lB-80UBAPE/SWWIOdUIRIC/WOoD dNo oIWspeoe//:sdny Wol) papeojumoq



Page 19 of 32

oNOYTULT D WN =

Manuscripts submitted to Brain Communications

FUNDING

The CAN-PROTECT study was supported by Gordie Howe CARES and the Evans Family
fund via the Hotchkiss Brain Institute. DXG is supported by the Hotchkiss Brain Institute, Killam
Trust, Alzheimer Society of Canada, and Canadian Institutes of Health Research. ZI is supported
by the UK National Institute for Health and Care Research Exeter Biomedical Research Centre.
The funders did not influence study design, collection, analysis, interpretation, writing, or decision
to submit for publication.
COMPETING INTERESTS

EES reported consulting (unpaid) for Alnylam Pharmaceuticals’and Eli Lilly, and an
advisory board (unpaid) for Eisai. ZI has served as an advisor/consultant to CADTH, Eisai, Lilly,
Lundbeck/Otsuka, Novo Nordisk, and Roche. All.other authors have no relevant competing

interests to disclose.

DATA AVAILABILITY

Due to the confidential nature of participant demographic health data, CAN-PROTECT
study data is not publicly available on a data repository. However, individual access to the data
may be provided upon reasonable request to the corresponding author. No specialized in-house

scripts or programs were used for this study.

https://mc.manuscriptcentral.com/braincom

G20z Aey z| uo 1senb Aq G811 Z1 /€91 1B0)/SWWOooUIRIg/SE0 L 0 L /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdny WoJj papeojumoq



oNOYTULT D WN =

Manuscripts submitted to Brain Communications

REFERENCES

10.

11.

12.

13.

14.

15,

16.

Nichols E, Steinmetz JD, Vollset SE, et al. Estimation of the global prevalence of dementia
in 2019 and forecasted prevalence in 2050: an analysis for the Global Burden of Disease
Study 2019. The Lancet Public Health. 2022;7(2):e105-e125.

Korczyn AD. Why have we failed to cure Alzheimer's disease? J Alzheimers  Dis.
2012;29(2):275-282.

Barnes DE, Yaffe K. The projected effect of risk factor reduction on Alzheimer's disease
prevalence. Lancet Neurol. 2011;10(9):819-828.

Son S, Speechley M, Zou G, et al. Potentially Modifiable Dementia.Risk Factors in
Canada: An Analysis of Canadian Longitudinal Study on Aging with a Multi-Country
Comparison. medRxiv. 2024:2024.2002.2020.24303090.

Livingston G, Huntley J, Liu KY, et al. Dementia prevention, intervention, and care: 2024
report of the Lancet standing Commission. Lancet. 2024;404(10452):572-628.

Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med.
2004;256(3):183-194.

Jessen F, Amariglio RE, Buckley RF, et al. The characterisation of subjective cognitive
decline. Lancet Neurol. 2020;19(3):271-278.

Mitchell AJ, Beaumont H, Ferguson D, Yadegarfar M, Stubbs B. Risk of dementia and
mild cognitive impairment in older people'with subjective memory complaints: meta-
analysis. Acta Psychiatr Scand. 2014;130(6):439-451.

Verfaillie SC, Timmers T, Slot RE, et al. Amyloid-p load is related to worries, but not to
severity of cognitive complaints inwindividuals with subjective cognitive decline: the
SCIENCe project. Front Aging Neurosci. 2019;11:7.

Buckley RF, Hanseeuw B, Schultz AP, et al. Region-specific association of subjective
cognitive decline with tauopathy independent of global B-amyloid burden. JAMA
neurology. 2017;74(12):1455-1463.

Arvanitakis Z, Leurgans SE, Fleischman DA, et al. Memory complaints, dementia, and
neuropathology in‘older blacks and whites. Ann Neurol. 2018;83(4):718-729.

Ismail Z, Smith-EE, Geda Y, et al. Neuropsychiatric symptoms as early manifestations of
emergent dementia: Provisional diagnostic criteria for mild behavioral impairment.
Alzheimers Dement. 2016;12(2):195-202.

Kan CN, Cano J, Zhao X, Ismail Z, Chen CL, Xu X. Prevalence, Clinical Correlates,
Cognitive Trajectories, and Dementia Risk Associated With Mild Behavioral Impairment
in Asians. J Clin Psychiatry. 2022;83(3):40123.

Ismail Z, McGirr A, Gill S, Hu S, Forkert ND, Smith EE. Mild Behavioral Impairment and
Subjective Cognitive Decline Predict Cognitive and Functional Decline. J Alzheimers Dis.
2021;80(1):459-469.

Ruthirakuhan M, Ismail Z, Herrmann N, Gallagher D, Lanctot KL. Mild behavioral
impairment is associated with progression to Alzheimer's disease: A clinicopathological
study. Alzheimers Dement. 2022;18(11):2199-2208.

Vellone D, Ghahremani M, Goodarzi Z, Forkert ND, Smith EE, Ismail Z. Apathy and
APOE in mild behavioral impairment, and risk for incident dementia. Alzheimers Dement
(N Y). 2022;8(1):¢12370.

https://mc.manuscriptcentral.com/braincom

Page 20 of 32

G20z Aey Z| uo 1senb AQ G811 Z18/€9 |1B0)/SWWOooUIRIg/SE0L 0 | /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdly WoJj pepeojumoq



Page 21 of 32

oNOYTULT D WN =

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Manuscripts submitted to Brain Communications

Rouse HJ, Ismail Z, Andel R, Molinari VA, Schinka JA, Small BJ. Impact of Mild
Behavioral Impairment on Longitudinal Changes in Cognition. J Gerontol A Biol Sci Med
Sci. 2024;79(1).

Guan DX, Smith EE, Pike GB, Ismail Z. Persistence of neuropsychiatric symptoms and
dementia prognostication: A comparison of three operational case definitions of mild
behavioral impairment. Alzheimers Dement (Amst). 2023;15(4):e12483.

McGirr A, Nathan S, Ghahremani M, Gill S, Smith E, Ismail Z. Progression to Dementia
or Reversion to Normal Cognition in Mild Cognitive Impairment as a Function ‘of Late
Onset Neuropsychiatric Symptoms. Neurology. 2022;98(21):¢2132-2139.

Ismail Z, Leon R, Creese B, Ballard C, Robert P, Smith EE. Optimizing detection of
Alzheimer's disease in mild cognitive impairment: a 4-year biomarker study of mild
behavioral impairment in ADNI and MEMENTO. Mol Neurodegener.<2023;18(1):50.
Guan DX, Rehman T, Nathan S, et al. Neuropsychiatric symptoms:-Risk factor or disease
marker? A study of structural imaging biomarkers of Alzheimer's disease and incident
cognitive decline. Hum Brain Mapp. 2024;45(13):¢70016.

Ebrahim IM, Ghahremani M, Camicioli R, Smith EE, Ismail-Z. Effects of race, baseline
cognition, and APOE on the association of affective dysregulation-with incident dementia:
A longitudinal study of dementia-free older adults. J Affect Disord. 2023;332:9-18.

Ismail Z, Ghahremani M, Amlish Munir M, Fischer CE, Smith EE, Creese B. A
longitudinal study of late-life psychosis and incident dementia and the potential effects of
race and cognition. Nature Mental Health. 2023;1(4):273-283.

Ghahremani M, Wang M, Chen HY, et al. Plasma Phosphorylated Tau at Threonine 181
and Neuropsychiatric Symptoms in Preclinical and Prodromal Alzheimer Disease.
Neurology. 2023;100(7):e683-e693.

Guan DX, Chen H-Y, Camicioli R, Montero-Odasso M, Smith EE, Ismail Z. Dual-task gait
and mild behavioral impairment: The Interface between non-cognitive dementia markers.
Exp Gerontol. 2022:111743.

Gosselin P, Guan DX, Smith EE, Ismail Z. Temporal associations between treated and
untreated hearing loss and mild behavioral impairment in older adults without dementia.
Alzheimer's & Dementia: Translational Research & Clinical Interventions.
2023;9(4):e12424.

Soo SA, Ng’KP, Wong F, et al. The Association Between Diabetes Mellitus and Mild
Behavioral Impairment Among Mild Cognitive Impairment: Findings from Singapore. J
Alzheimers Dis. 2021;82(1):411-420.

Guan D, Rockwood K, Smith E, Ismail Z. Sex Moderates the Association between Frailty
and Mild Behavioral Impairment. J Prev Alzheimers Dis. 2022;9(4):692-700.

Fan S, Liang X, Yun T, et al. Mild behavioral impairment is related to frailty in non-
dementia older adults: a cross-sectional study. BMC Geriatr. 2020;20(1):1-9.

Matsuoka T, Ismail Z, Imai A, et al. Relationship between Loneliness and Mild Behavioral
Impairment: Validation of the Japanese Version of the MBI Checklist and a Cross-
Sectional Study. J Alzheimers Dis. 2024;97(4):1951-1960.

Mudalige D, Guan DX, Ghahremani M, Ismail Z. Longitudinal associations between mild
behavioral impairment, sleep disturbance, and progression to dementia. J Alzheimers Dis
Rep. 2023;7(1):1323-1334.

Warring I, Guan D, Ballard C, et al. Mild Behavioral Impairment and Quality of Life in
Community Dwelling Older Adults. Int J Geriatr Psychiatry. 2024;39(10):e6153.

https://mc.manuscriptcentral.com/braincom

G20z Aey Z| uo 1senb AQ G811 Z18/€9 |1B0)/SWWOooUIRIg/SE0L 0 | /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdly WoJj pepeojumoq



oNOYTULT D WN =

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

Manuscripts submitted to Brain Communications

Soto M, Rosenberg P, Ballard C, et al. CTAD Task Force Paper: Neuropsychiatric
Symptoms in AD: Clinical Trials Targeting Mild Behavioral Impairment: A Report from
the International CTAD Task Force. J Prev Alzheimers Dis. 2024;11(1):56-64.

Sweeney MD, Montagne A, Sagare AP, et al. Vascular dysfunction-The disregarded
partner of Alzheimer's disease. Alzheimers Dement. 2019;15(1):158-167.

Van Rooden S, van den Berg-Huysmans AA, Croll PH, et al. Subjective cognitive decline
is associated with greater white matter hyperintensity volume. Journal of Alzheimer's
Disease. 2018;66(3):1283-1294.

Caillaud M, Hudon C, Boller B, et al. Evidence of a relation between hippocampal volume,
white matter hyperintensities, and cognition in subjective cognitive decline and mild
cognitive impairment. The Journals of Gerontology: Series B. 2020;75(7):1382-1392.
Morrison C, Dadar M, Villeneuve S, Ducharme S, Collins DL. White matter hyperintensity
load wvaries depending on subjective cognitive decline eriteria. GeroScience.
2023;45(1):17-28.

Miao R, Chen HY, Robert P, Smith EE, Ismail Z, Group MS. White matter hyperintensities
and mild behavioral impairment: Findings from the MEMENTO cohort study. Cereb Circ
Cogn Behav. 2021;2:100028.

Wang Z, Chen Q, Chen J, Yang N, Zheng K. Risk factors of cerebral small vessel disease:
A systematic review and meta-analysis. Medicine. 2021;100(51):e28229.

Langa KM, Larson EB, Crimmins EM, et al. A comparison of the prevalence of dementia
in the United States in 2000 and 2012. JAMA internal medicine. 2017;177(1):51-58.
Sabia S, Fayosse A, Dumurgier J, et al. Association of ideal cardiovascular health at age
50 with incidence of dementia: 25 year follow-up of Whitehall II cohort study. BMJ.
2019;366.

Guo J, Brickman AM, Manly JJ, et al. Association of Life's Simple 7 with incident
dementia and its modification"by the apolipoprotein E genotype. Alzheimers Dement.
2021;17(12):1905-1913.

Kivipelto M, Mangialasche F, Ngandu T. Lifestyle interventions to prevent cognitive
impairment, dementia and Alzheimer disease. Nat Rev Neurol. 2018;14(11):653-666.
Ismail Z, Guan DX, Vellone D, et al. The Canadian platform for research online to
investigate health, quality of life, cognition, behaviour, function, and caregiving in aging
(CAN-PROTECT): study protocol, platform description, and preliminary analyses.
medRxiv..2023:2023.2012. 2016.23300094.

Weir CB, Jan Al BMI classification percentile and cut off points. 2019.

Farias ST, Weakley A, Harvey D, Chandler J, Huss O, Mungas D. The Measurement of
Everyday Cognition (ECog): Revisions and Updates. Alzheimer Dis Assoc Disord.
2021;35(3):258-264.

van Harten AC, Mielke MM, Swenson-Dravis DM, et al. Subjective cognitive decline and
risk of MCI: The Mayo Clinic Study of Aging. Neurology. 2018;91(4):e300-e312.

Creese B, Griffiths A, Brooker H, et al. Profile of mild behavioral impairment and factor
structure of the Mild Behavioral Impairment Checklist in cognitively normal older adults.
Int Psychogeriatr. 2020;32(6):705-717.

Ismail Z, Aguera-Ortiz L, Brodaty H, et al. The Mild Behavioral Impairment Checklist
(MBI-C): A Rating Scale for Neuropsychiatric Symptoms in Pre-Dementia Populations. J
Alzheimers Dis. 2017;56(3):929-938.

https://mc.manuscriptcentral.com/braincom

Page 22 of 32

G20z Aey Z| uo 1senb AQ G811 Z18/€9 |1B0)/SWWOooUIRIg/SE0L 0 | /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdly WoJj pepeojumoq



Page 23 of 32

oNOYTULT D WN =

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Manuscripts submitted to Brain Communications

Kassam F, Chen H, Nosheny RL, et al. Cognitive profile of people with mild behavioral
impairment in Brain Health Registry participants. Int Psychogeriatr. 2023;35(11):643-652.
Fahed G, Aoun L, Bou Zerdan M, et al. Metabolic Syndrome: Updates on Pathophysiology
and Management in 2021. Int J Mol Sci. 2022;23(2):786.

Karlsson IK, Gatz M, Arpawong TE, Dahl Aslan AK, Reynolds CA. The dynamic
association between body mass index and cognition from midlife through late-life, and the
effect of sex and genetic influences. Sci Rep. 2021;11(1):7206.

Gottesman RF, Schneider AL, Albert M, et al. Midlife hypertension and 20-year cognitive
change: the atherosclerosis risk in communities neurocognitive study. JAMA neurology.
2014;71(10):1218-1227.

Cheng G, Huang C, Deng H, Wang H. Diabetes as a risk factor for dementia and mild
cognitive impairment: a meta-analysis of longitudinal studies: [Intern Med J.
2012;42(5):484-491.

Cooper C, Sommerlad A, Lyketsos CG, Livingston G. Modifiable predictors of dementia
in mild cognitive impairment: a systematic review and meta-analysis.”Am J Psychiatry.
2015;172(4):323-334.

Makino K, Lee S, Bae S, et al. Diabetes and Prediabetes Inhibit Reversion from Mild
Cognitive Impairment to Normal Cognition. J Am Med Dir Assoc. 2021;22(9):1912-
1918.e1912.

Zhang YR, Xu W, Zhang W, et al. Modifiable risk factors for incident dementia and
cognitive impairment: An umbrella review of evidence. J Affect Disord. 2022;314:160-
167.

HuM, Yin H, Shu X, Jia Y, Leng M, Chen L. Multi-angles of smoking and mild cognitive
impairment: is the association mediated by sleep duration? Neurol Sci. 2019;40:1019-1027.
Rajczyk JI, Ferketich A, Wing JJ. Relation Between Smoking Status and Subjective
Cognitive Decline in Middle Age and Older Adults: A Cross-Sectional Analysis of 2019
Behavioral Risk Factor Surveillance System Data. J Alzheimers Dis. 2023;91(1):215-223.
Zhong G, Wang Y, Zhang Y, Guo JJ, Zhao Y. Smoking is associated with an increased
risk of dementia: a_.meta-analysis of prospective cohort studies with investigation of
potential effect modifiers. PLoS One. 2015;10(3):¢0118333.

Anstey KJ, von.Sanden C, Salim A, O'Kearney R. Smoking as a risk factor for dementia
and cognitive. decline: a meta-analysis of prospective studies. Am J Epidemiol.
2007;166(4):367-378.

Schliep” KC; Barbeau WA, Lynch KE, et al. Overall and sex-specific risk factors for
subjective cognitive decline: findings from the 2015-2018 Behavioral Risk Factor
Surveillance System Survey. Biol Sex Differ. 2022;13(1):16.

Goldstein FC, Levey Al, Steenland NK. High blood pressure and cognitive decline in mild
cognitive impairment. J Am Geriatr Soc. 2013;61(1):67-73.

Zambon D, Quintana M, Mata P, et al. Higher incidence of mild cognitive impairment in
familial hypercholesterolemia. The American journal of medicine. 2010;123(3):267-274.
Pantoni L. Cerebral small vessel disease: from pathogenesis and clinical characteristics to
therapeutic challenges. The Lancet Neurology. 2010;9(7):689-701.

Wardlaw JM, Smith C, Dichgans M. Small vessel disease: mechanisms and clinical
implications. The Lancet Neurology. 2019;18(7):684-696.

Boyle PA, Yu L, Leurgans SE, et al. Attributable risk of Alzheimer's dementia attributed
to age-related neuropathologies. Ann Neurol. 2019;85(1):114-124.

https://mc.manuscriptcentral.com/braincom

G20z Aey Z| uo 1senb AQ G811 Z18/€9 |1B0)/SWWOooUIRIg/SE0L 0 | /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdly WoJj pepeojumoq



oNOYTULT D WN =

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Manuscripts submitted to Brain Communications

Rabin JS, Schultz AP, Hedden T, et al. Interactive associations of vascular risk and f-
amyloid burden with cognitive decline in clinically normal elderly individuals: findings
from the Harvard Aging Brain Study. JAMA neurology. 2018;75(9):1124-1131.

Creese B, Ismail Z. Mild behavioral impairment: measurement and clinical correlates of a
novel marker of preclinical Alzheimer's disease. Alzheimers Res Ther. 2022;14(1):2.
Miao R, Chen HY, Gill S, et al. Plasma beta-Amyloid in Mild Behavioural Impairment -
Neuropsychiatric Symptoms on the Alzheimer's Continuum. J Geriatr Psychiatry Neurol.
2022;35(3):434-441.

Lussier FZ, Pascoal TA, Chamoun M, et al. Mild behavioral impairment is associated with
beta-amyloid but not tau or neurodegeneration in cognitively intact elderly individuals.
Alzheimers Dement. 2020;16(1):192-199.

Johansson M, Stomrud E, Insel PS, et al. Mild behavioral impairment and its relation to
tau pathology in preclinical Alzheimer's disease. Transl Psychiatry-2021;11(1):76.
Naude JP, Gill S, Hu S, et al. Plasma Neurofilament Light: A Marker of Neurodegeneration
in Mild Behavioral Impairment. J Alzheimers Dis. 2020;76:1017-1027.

Naude J, Wang M, Leon R, Smith E, Ismail Z. Tau-PET in early cortical Alzheimer brain
regions in relation to mild behavioral impairment in older adults with either normal
cognition or mild cognitive impairment. Neurobiol Aging. 2024;138:19-27.

Leow YJ, Soo SA, Kumar D, et al. Mild Behavioral Impairment and Cerebrovascular
Profiles Are Associated with Early Cognitive. Impairment in a Community-Based
Southeast Asian Cohort. J Alzheimers Dis. 2024.

Rao AR, Chatterjee P, Thakral M, Dwivedi SN, Dey AB. Behavioural issues in late life
may be the precursor of dementia- A cross sectional evidence from memory clinic of
AIIMS, India. PLoS One. 2020;15(6):0234514.

Kapasi A, DeCarli C, Schneider JA. Impact of multiple pathologies on the threshold for
clinically overt dementia. Acta"Neuropathol. 2017;134:171-186.

Iwagami M, Qizilbash N, Gregson J, et al. Blood cholesterol and risk of dementia in more
than 1- 8 million people over two decades: a retrospective cohort study. The Lancet Healthy
Longevity. 2021;2(8):e498-e506.

van Dalen JW, Brayne C, Crane PK, et al. Association of systolic blood pressure with
dementia risk and the role of age, U-shaped associations, and mortality. JAMA internal
medicine. 2022;182(2):142-152.

Lennon MJ, Konez R, Sachdev PS. Hypertension and Alzheimer's disease: is the picture
any clearer? Current opinion in psychiatry. 2021;34(2):142-148.

Ahn'S, Mathiason MA, Lindquist R, Yu F. Factors predicting episodic memory changes in
older adults with subjective cognitive decline: A longitudinal observational study. Geriatr
Nurs. 2021;42(1):268-275.

Peters R, Peters J, Booth A, Anstey KJ. Trajectory of blood pressure, body mass index,
cholesterol and incident dementia: systematic review. The British Journal of Psychiatry.
2020;216(1):16-28.

https://mc.manuscriptcentral.com/braincom

Page 24 of 32

G20z Aey Z| uo 1senb AQ G811 Z18/€9 |1B0)/SWWOooUIRIg/SE0L 0 | /I0P/8|o1e-80UBAPE/SWIWOdUIRIG/WOD dNO-0IWepeoe.//:sdly WoJj pepeojumoq



Page 25 of 32 Manuscripts submitted to Brain Communications

1
2
3 Table 1. Participant characteristics stratified by cumulative vascular risk factor burden
: Variable Total None (0) Low (1) Moderate High (3+) P
2

6 n 1285 582 399 203 101
/ 64.6 (7.4), 63.5(7.2), 65 (7.3), 66.2(7.6), 66(7.5),
8 Age (years) 50-89 50-89 50-87 50-88 50-88 <0.001
9 <0.001
10 Female sex 1041 (81) 497 (85.4) 321 (80.5) 149 (73.4) 74 (73.3)
11 15.8 (4.5), 16.1 (4.4), 15.6 (4.9), 15.4 (4.3), 15.7 (4),
12 Education (years) 0-30 2-30 1-30 0-30 1-30 0.26
13 Ethnocultural origins
14 European 1082 (84.2) 498 (85.6) 333 (83.5) 171 (84.2)  80(79.2) 0.41
15 North American 616 (47.9) 281 (48.3) 177 (44.4) 104 (51.2) 54 (53.5) 0.24
16 Caribbean 10 (0.8) 5(0.9) 1(0.3) 3(1.5) 1(1) 0.42
17 South American 9(0.7) 3(0.5) 2 (0.5) 4(2) 0 (0) 0.11
18 African 11 (0.9) 4(0.7) 2 (0.5) 3(L.5) 2(2) 0.36
19 Asian 41 (3.2) 19 (3.3) 12 (3) 6(3) 44 0.96
20 Oceanic 6(0.5) 4(0.7) 1(0.3) 1 (0:5) 00) 0.69
21 BMI
22 Normal
23 (18.5-24.9 kg/m?) 547 (42.6) 368 (63.2) 131 (32.8) 41 (20:2) 7 (6.9) <0.001
24 Overweight
25 (25-29.9 kg/m?) 399 31.1) 214 (36.8) 129 (32.3) 45 (22.2) 11(10.9)

Obese
26 (=30 kg/m?) 339 (26.4) 0(0) 139.(34.8) 117 (57.6) 83 (82.2)
27 Marital status 1005 (78.2) 475 (81.6) 298 (74.7) 164 (80.8) 68 (67.3) 0.002
28 Hypertension 360 (28) 0(0) 121(30.3) 147 (72.4) 92 (91.1) <0.001
29 High cholesterol 302 (23.5) 0(0) 111 (27.8) 107 (52.7) 84 (83.2) <0.001
30 Diabetes 87 (6.8) 0 (0) 13 (3.3) 26 (12.8) 48 (47.5) <0.001
31 Smoking <0.001
32 Never 695 (54.1) 347(59.6) 211 (52.9) 100 (49.3) 37 (36.6)
33 Past 550 (42.8) 4.235(40.4) 173 (43.4) 94 (46.3) 48 (47.5)
34 Active 40 (3.1) 0 (0) 15(3.8) 9(4.4) 16 (15.8)
35 History of heart attack 59 (46) 15(2.6) 18 (4.5) 16 (7.9) 10 (9.9) <0.001
36 History of stroke 18(1.4) 4 (0.7) 4 (1.0) 5(2.5) 5(5.0) 0.004
37 SCD status 343(26.7) 146 (25.1) 109 (27.3) 57 (28.1) 31 (30.7) 0.60
38 ECog-II Total 11.6 (11.2), 10.5(9.9), 11.8 (11.4), 13 (13), 14.3(12.9),
39 0-99 0-74 0-88 0-99 0-65 0.002
40 MBI status 312 (24.3) 105 (18) 110 (27.6) 61 (30) 36 (35.6) <0.001
41 MBI-C severity 52(7.2), 4.3 (6.2), 5(.9), 6.9 (10), 7.5(9.3),
42 0-65 0-44 0-39 0-65 0-41 <0.001
43 Note. Ethnocultural origins are not mutually exclusive. All values have been rounded to one decimal place, except
44 for p-values which have been rounded to two or three decimal places, as appropriate. Continuous variables are
45 shown in mean (standard deviation), range. Categorical variables are shown in n (%). Comparisons between groups
46 were tested using ANOVA for continuous variables and chi-square tests for categorical variables, as appropriate.
47 Abbreviations: BMI, body mass index; SCD, subjective cognitive decline; ECog-II, Everyday Cognition II scale;
48 MBI, mild behavioral impairment; MBI-C, Mild Behavioral Impairment Checklist.
49
50
51
52
53
54
55
56
57
58
59
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Table 2. Vascular risk factor associations with subjective cognition decline

Outcome
Exposure OR 95% CI P/q
SCD status
Cumulative VRF burden
Low (1) 1.14 0.96 — 1.36 0.14/0.15
Moderate (2) 1.17 0.98 - 1.39 0.09/0.10
High (3+) 1.23 1.04 — 1.47 0.02/0.02
BMI (ref. normal BMI)
Overweight 1.46 1.22-1.74 <0.001/<0.001
Obese 1.26 1.05-1.50 0.01/0.01
Hypertension 1.14 0.96 — 1.36 0.13/0.15
High cholesterol 1.09 0.92 -1.30 0.32/0.32
Diabetes 1.29 1.09 - 1.53 0.003/0:005
Smoking (ref. Never)
Past smoker 1.13 0.95-1.35 0.16/0.17
Active smoker 1.54 1.29 - 1.82 <0.001/<0.001
exp(b) 95% CI p/q
ECog-II total score
Cumulative VRF burden
Low (1) 1.13 1.05~1.22 <0.001/<0.001
Moderate (2) 1.24 1.15-1.33 <0.001/<0.001
High (3+) 1.41 1.31 -1.52 <0.001/<0.001
BMI (ref. normal BMI)
Overweight 1.22 1.13-1.31 <0.001/<0.001
Obese 1.25 1.17-1.35 <0.001/<0.001
Hypertension 115 1.07-1.24 <0.001/<0.001
High cholesterol 1.10 1.02-1.17 0.01/0.01
Diabetes 1.40 1.30 - 1.51 <0.001/<0.001
Smoking (ref. Never)
Past smoker 1.00 0.93 - 1.08 0.93/0.93
Active smoker 1.31 1.22-1.41 <0.001/<0.001

Odds ratios (ORs) were estimated from logistic regression; they indicate the factor change in odds of having SCD
between participants with a vascular risk factor relative to those without. Exponentiated coefficients (exp[b]) were
estimated from negative binemial regression, and as such, represent the factor change in the outcome variable in
participants with a vascularrisk factor relative to those without. Propensity scores with inverse probability treatment
weighting were used to‘address potential confounders by balancing observed covariates including age, sex, years
of education, marital'status, and ethnocultural origins across exposure groups. These propensity score weights were
used to adjust each regression model accordingly. All p-values of interest were adjusted using the Benjamini-
Hochberg procedure based on false discovery rate (FDR) to generate FDR-corrected g-values Abbreviations: SCD,
subjective cognitive decline; BMI, body mass index; ECog-11, Everyday Cognition I scale.
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Table 3. Vascular risk factor associations with mild behavioral impairment

Outcome
Exposure OR 95% CI P/q
MBI status
Cumulative VRF burden
Low (1) 1.82 1.51-2.19 <0.001/<0.001
Moderate (2) 2.31 1.93-2.78 <0.001/<0.001
High (3+) 2.70 2.25-3.24 <0.001/<0.001
BMI (ref. normal BMI)
Overweight 1.39 1.15-1.68 <0.001/0:001
Obese 2.29 1.91-2.75 <0.001/<0.001
Hypertension 1.58 1.33-1.89 <0.001/<0.001
High cholesterol 1.38 1.15-1.64 <0.001/<0.001
Diabetes 1.82 1.53-2.16 <0.001/<0.001
Smoking (ref. Never)
Past smoker 1.38 1.15-1.65 <0:001/<0.001
Active smoker 2.67 2.25-3.18 <0.001/<0.001
exp(b) 95% CI p/q
MBI-C total score
Cumulative VRF burden
Low (1) 1.18 1.06—1.31 0.002/0.002
Moderate (2) 1.78 1.60 — 1.97 <0.001/<0.001
High (3+) 1.81 1.63 —2.01 <0.001/<0.001
BMI (ref. normal BMI)
Overweight 1.15 1.04 - 1.28 0.007/0.009
Obese 1.60 1.44 - 1.77 <0.001/<0.001
Hypertension 138 1.24 -1.54 <0.001/<0.001
High cholesterol 1.22 1.10—1.35 <0.001/<0.001
Diabetes 1.36 1.24-1.50 <0.001/<0.001
Smoking (ref. Never)
Past smoker 1.19 1.08 —1.32 <0.001/<0.001
Active smoker 1.96 1.77-2.16 <0.001/<0.001

Odds ratios (ORs) were estimated from logistic regression; they indicate the factor change in odds of having MBI+
between participants with a vascular risk factor relative to those without. Exponentiated coefficients (exp[b]) were
estimated from negative binemial regression, and as such, represent the factor change in the outcome variable in
participants with a vascularrisk factor relative to those without. Propensity scores with inverse probability treatment
weighting were used to‘address potential confounders by balancing observed covariates including age, sex, years
of education, marital'status, and ethnocultural origins across exposure groups. These propensity score weights were
used to adjust each regression model accordingly. All p-values of interest were adjusted using the Benjamini-
Hochberg procedure based on false discovery rate (FDR) to generate FDR-corrected g-values Abbreviations: MBI,
mild behavioral impairment; BMI, body mass index; MBI-C, Mild Behavioral Impairment Checklist.
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Figure Legends

Figure 1. Participant flow diagram. Abbreviations: MCI, mild cognitive impairment; ECog-II,
Everyday Cognition Scale II; MBI-C, Mild Behavioral Impairment Checklist.

Figure 2. Prevalence of SCD across VRF exposure groups among older persons with or
without MBI. Numbers above each bar indicate sample size for the group. Statistical outputs
correspond to the coefficients of the VRF*MBI status interaction in a logistic regression model
with SCD status as the outcome variable. Propensity scores with inverse probability treatment
weighting were used to address potential confounders by balancing observed covariates including
age, sex, years of education, marital status, and ethnocultural origins across exposure groups.
Abbreviations: VRF, vascular risk factor; SCD, subjective cognitive decline; MBI, mild behavioral
impairment; BMI, body mass index.
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