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ABSTRACT
Physical inactivity in mid-life is a modifiable risk factor for dementia. Mild behavioral impairment 
(MBi) is a marker of potential neurodegenerative disease. We investigated the association between 
physical activity and MBi. Baseline data from the canadian Platform for Research Online to 
investigate health, Quality of life, cognition, Behaviour, Function, and caregiving in aging 
(caN-PROtect) were used. Four categories of weekly physical activity (cardiovascular, mind-body, 
strength training, and physical labour) were derived from the community healthy activities Model 
Program for seniors questionnaire. MBi was measured using the MBi-checklist. Multivariable 
negative binomial regressions modelled the association between the standardized physical activity 
duration and MBi severity, adjusted for age, sex, education, marital status, ethno cultural origin, 
occupation, hypertension, dyslipidemia, mobility, and body mass index. every 1 sD increase in 
cardiovascular activity was associated with 8.42% lower MBi severity. in contrast, every 1 sD 
increase in physical labor duration was associated with 5.64% greater MBi severity. these 
associations were neither moderated by the frequency engaging in each physical activity nor by 
sex. cardiovascular physical activity in older persons may reduce levels of non-cognitive dementia 
markers like MBi, comparable to effects seen in cognition, potentially modulating dementia risk.

Introduction

In less than 20 years, dementia is predicted to affect 
the lives of 1.1 million Canadians, with repercussions 
for the economy, healthcare system, long-term care 
facilities, and social and community services 
(Alzheimer Society of Canada, 2010). Dementia is a 
syndrome characterized by cognitive and behavioural 
changes severe enough to interfere with functional 
independence (Duong et  al., 2017). Dementia is most 
often attributed to Alzheimer’s disease, although vas-
cular contributions to cognitive impairment are 
increasingly more common with age.

While dementia typically begins in later life, many 
factors earlier in life contribute to dementia risk. 
According to the Lancet Commission on Dementia 

Prevention, Intervention, and Care, physical inactivity 
in mid-life is a modifiable risk factor for dementia 
(Livingston et  al., 2020). From the Canadian 
Longitudinal Study on Aging, physical inactivity has 
the largest population-attributable fraction of all mod-
ifiable risk factors for dementia (Son et  al., 2024). 
Thus, physical activity can play a great role in the 
prevention of dementia (Montero-Odasso et  al., 2020). 
In light of this, several clinical trials have examined 
the efficacy of physical activity and shown promising 
results in managing cognitive impairment through 
exercise therapy (Hoffmann et  al., 2016; Vidoni et  al., 
2019). Physical activity programs for those with 
dementia have shown numerous benefits, including 
improved cognition (Hokkanen et  al., 2008), daily 
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activities and independence (Arcoverde et  al., 2008), 
functional ability, and mental health (Teri et al., 2008). 
Participating in physical activity in a group setting 
can also provide social benefits by increasing social 
networks and reducing feelings of loneliness and iso-
lation, common issues for people living with dementia 
(Alzheimer’s Society, 2008). Evidence suggests that 
physical activity is important in both males and 
females; older males with walking rates less than 0.25 
miles daily had a greater risk of dementia than those 
who walked more than two miles a day (Abbott et  al., 
2004), and females with high baseline physical activity 
levels experienced a lower risk of cognitive decline 
(Yaffe et  al., 2001). However, not all types of physical 
activity may be beneficial (Holtermann et  al., 2018).

While physical activity can benefit those with cog-
nitive impairment and reduce the risk of incident 
dementia, there is less research on the impact of 
physical activity in at-risk populations with little cog-
nitive impairment. As there are fewer barriers to 
administering physical activity to patients with little 
cognitive, behavioural, or functional impairment, sec-
ondary prevention programs, like physical activity, 
may be more beneficial at earlier stages of the disease. 
Therefore, it is important to investigate whether phys-
ical activity impacts pre-dementia risk markers to 
understand if individuals can benefit from physical 
activity prior to the onset of cognitive impairment.

Mild behavioral impairment (MBI) is a dementia 
risk marker. Characterized by later-life emergent and 
persistent neuropsychiatric symptoms (NPS), representing 
a change from longstanding behaviour and/or personal-
ity, MBI identifies a group at high risk for cognitive 
decline and incident dementia (Ismail et  al., 2016). MBI 
symptoms are categorized into five domains, including 
decreased drive and motivation (apathy), affective dysreg-
ulation (mood and anxiety symptoms), impulse dyscon-
trol (agitation, impulsivity, abnormal reward salience), 
social inappropriateness (impaired social cognition), and 
abnormal perception or thought content (hallucinations 
and delusions, i.e. psychotic symptoms). In cohorts from 
several countries representing diverse populations, MBI 
has consistently demonstrated associations with cognitive 
decline and incident dementia (Creese et  al., 2019; 
Ebrahim et  al., 2023; Ismail et  al., 2021, 2023; Kan et  al., 
2022; Matsuoka et  al., 2019; Rouse et  al., 2024; Wolfova 
et  al., 2022; Yoon et  al., 2022). Further, sex differences 
have been observed in prevalence of MBI and sex may 
be a moderator of the effect of physical activity on cog-
nitive and neural outcomes, warranting further investiga-
tion (Barha et  al., 2019; Wolfova et  al., 2022).

We aimed to examine dementia-free older adults to 
determine the association between the duration of 

engagement in different types of physical activity and 
MBI severity. We hypothesized that longer duration of 
engagement in any type of physical activity would be 
associated with less severe MBI. We also aimed to 
explore whether the benefits of physical activity 
depended on frequency of engagement (i.e. longer but 
fewer sessions versus more distributed sessions). A sec-
ondary analysis investigated sex moderation for the 
association between physical activity duration and MBI.

Method

Study design

Data are from the Canadian Platform for Research 
Online to Investigate Health, Quality of Life, Cognition, 
Behavior, Function, and Caregiving in Aging (CAN- 
PROTECT) study. CAN-PROTECT is an online longitu-
dinal observational cohort study of risk and resilience to 
brain aging in community-dwelling Canadian residents 
aged ≥18 years (Ismail et  al., 2023). Participants are 
required to confirm they do not have dementia prior to 
enrolling in the study (Ismail et  al., 2023). Participants 
with mild cognitive impairment (MCI) were identified 
through self-report. Annual questionnaires about the 
participant and their lifestyle are administered, as well as 
a cognitive test battery. Currently, only baseline partici-
pant data are available. Extensive descriptions of 
CAN-PROTECT recruitment and data collection proce-
dures have been published elsewhere (Ismail et al., 2023). 
Participants provide informed consent as part of the reg-
istration process. The Conjoint Health Research Ethics 
Board at the University of Calgary approved the study 
(REB21-1065).

Participants

The overall sample assessed for eligibility consisted of 
2752 participants. Participants were included in the 
present analyses if they were (1) older than 50 years 
of age, in accordance with the International Society to 
Advance Alzheimer’s Research and Treatment 
(ISTAART) MBI criteria (n = 2467); (2) had complete 
physical activity data (n = 1501); (3) had complete 
MBI Checklist (MBI-C) data (n = 1494); and (4) data 
for covariates including age, sex, years of education, 
marital status, ethnocultural origin, occupation type 
(manual labour, qualified manual labour, non-manual 
labour, professional, and leadership/managerial work), 
diagnosis of high blood pressure, and high choles-
terol, issues with mobility, and body mass index 
(BMI) (n = 1476). The final sample size for the analy-
ses was 1476 (Figure 1).
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Measures

Physical activity type, duration, and frequency
Physical activity was measured using the Community 
Healthy Activities Model Program for Seniors (CHAMPS) 
questionnaire (Stewart et  al., 2001). Participants are first 
asked how many times per week they typically engage in 
physical activity (0 = did not engage, 1 = once per week, 
2 = twice or more per week). If participants report engag-
ing in physical activity, they are prompted to report the 
total weekly hours engaged in each type of activity 
endorsed. The total duration (hours) of weekly engage-
ment in an activity is measured on a scale from 0 to 9, 
with 0 indicating less than 1 hour of physical activity 
and 9 indicating greater than 9 hours per week. To dis-
tinguish those engaging in no physical activity from 
those engaging in less than 1 hour of activity, only par-
ticipants who reported no physical activity were scored 
as 0, while those endorsing the activity but for less than 
1 hour were recoded as 0.5.

Four categories of physical activity (cardiovascular 
activities, mind-body activities, and strength training 
activities, physical labour) were derived based on the 
activities described in the CHAMPS questionnaire. 
Cardiovascular score comprised jogging, running, 
walking, hiking, skating, riding a bicycle or station-
ary cycle, playing sports (football, basketball, tennis, 
or other racquet sports), and other aerobic exercises 
(rowing or step machines, water exercises, swimming 
at various paces, aerobics, or aerobic dancing). 

Mind-body activity comprised stretching or flexibility 
exercises and yoga or tai-chi. Strength training activ-
ities comprised light, moderate, and heavy strength 
training and general conditioning exercises. Physical 
labour comprised engagement in heavy and light 
housework, gardening, and working on machinery.

Physical activity category duration scores (hours/
week) were generated by summing the duration scores 
of all activities in the category. Cardiovascular activity 
duration could range from 0 to 135, mind-body activ-
ity from 0 to 18, strength training from 0 to 27, and 
physical labour from 0 to 45. Similarly, category-specific 
frequencies (times/week) were generated by summing 
the frequency scores of all activities within a category. 
Cardiovascular activity could range from 0 to 30, 
mind-body activity from 0 to 4, strength training from 
0 to 6, and physical labour frequency from 0 to 10.

Mild behavioral impairment
MBI was measured by the self-reported MBI-C (Hu 
et  al., 2023; Ismail et  al., 2017; Kassam et  al., 2023). The 
MBI-C comprises five domains assessed by 34 items: 
decreased motivation (6 items), emotional dysregulation 
(6 items), impulse dyscontrol (12 items), social inappro-
priateness (5 items), and abnormal perception or thought 
content (5 items). Each question assesses the presence 
and severity of symptoms. If a symptom has not been 
present for at least six months (continuously, or on and 
off) or is not a change from longstanding behavioral 

Figure 1. Participant flow-diagram. Physical activity categories included cardiovascular activity, mind-body activity, strength train-
ing, and physical labour. covariates included age, sex, years of education, marital status, ethnocultural origin, occupation type 
(manual labour, qualified manual labour, non-manual labour, professional, and leadership/managerial work), diagnosis of high 
blood pressure, high cholesterol, issues with mobility, and BMI. MBI-c: Mild Behavioral Impairment checklist.



iNteRNatiONal RevieW OF PsychiatRy 199

patterns, it is considered absent, and a score of 0 is 
assigned to that item. If symptoms are present, the 
severity can be rated on a scale from 1 to 3. A severity 
score of 1 indicates symptom severity that is mild 
(noticeable, but not a significant change), 2 indicates 
moderate (significant, but not a dramatic change), and 3 
indicates severe (very marked or prominent, a dramatic 
change). The MBI total score, ranging from 0 to 102, 
was calculated by summing the scores for each item, 
with higher scores indicating more severe symptoms.

Statistical analysis

Participant demographics were summarized using 
descriptive statistics (means, standard deviations [SD], 
ranges, counts, and percentages), stratified by sex. 
Wilcoxon signed-rank tests and chi-squared tests were 
used to compare between groups.

As MBI-C scores resembled an over dispersed (vari-
ance > mean) Poisson distribution, multivariable negative 
binomial regression models were used in this study. 
Four regressions modelled the associations between 
standardized duration of engagement in individual phys-
ical activity categories (exposure) and MBI-C total score 
(outcome). For physical activity categories that were 
associated with MBI, moderation by frequency of 

engagement was tested by including the category-specific 
physical activity frequency as an interaction term to the 
subset of participants who reported engaging in that cat-
egory. All models were adjusted for age, sex, years of 
education, marital status, ethnocultural origin, occupa-
tion type (manual labour, qualified manual labour, 
non-manual labour, professional, and leadership/mana-
gerial work), diagnosis of high blood pressure, and high 
cholesterol, issues with mobility, and BMI. Statistical sig-
nificance was determined at the level of α = 0.05. All 
reported coefficients were exponentiated and then con-
verted to percentages. R version 4.0.5 was used to con-
duct all statistical analyses (R Core Team, 2022).

Results

Participant characteristics

Participant characteristics for all analyses are summa-
rized in Table 1. Of the total sample (n = 1476), mean 
participant age was 64.7 (SD = 7.6, range = 50–94) 
years, 1199 (81.2%) were female, had 15.8 (SD = 4.1, 
range = 6.0–26) years of education, 1142 (77.4%) were 
married, common law or cohabiting, 1244 (84.3%) 
were of European origins, 546 (37.0%) worked in occu-
pations in a leadership/managerial capacity, 422 (28.6%) 

Table 1. Participant characteristics.
total (N = 1476) female (N = 1199) Male (N = 277) p

age (years) 64.7 (7.6), 50.0–94.0 64.4 (7.5), 50.0–94.0 65.8 (7.8), 50.0–89.0 0.013w

education (years) 15.8 (4.1), 6.0–26.0 15.7 (4.1), 6.0–26.0 16.2 (4.2), 6.0–26.0 0.19w

Marital status
Married/common l 

aw/cohabiting
1142 (77.4%) 890 (74.2%) 252 (91.0%) <0.001c

not married/common l 
aw/cohabiting

334 (22.6%) 309 (25.8%) 25 (9.0%)

ethnocultural origin 0.79c

european origins 1244 (84.3%) 1012 (84.4%) 232 (83.8%)
non-european origins 232 (15.7%) 187 (15.6%) 45 (16.2%)

occupation type
leader 546 (37.0%) 400 (33.4%) 146 (52.7%) <0.001c

non-leader 930 (63.0%) 799 (66.6%) 131 (47.3%)
high blood pressure present 422 (28.6%) 320 (26.7%) 102 (36.8%) <0.001c

high cholesterol present 351 (23.8%) 250 (20.9%) 101 (36.5%) <0.001c

Mobility issues present 339 (23.0%) 276 (23.0%) 63 (22.7%) 0.62c

Body mass index 28.2 (8.6), 18.8–59.2 28.2 (8.9), 18.8–59.2 28.3 (7.0), 18.8–59.2 0.002w

cognitive diagnosis 0.033c

cognitively normal 1059 (71.7%) 867 (72.3%) 192 (69.3%)
subjective cognitive decline 404 (27.4%) 325 (27.1%) 79 (28.5%)
Mild cognitive impairment 13 (0.9%) 7 (0.6%) 6 (2.2%)

Physical activity duration (hours/week)
cardiovascular duration 8.1 (6.5), 0–43.0 8.2 (6.5), 0–43.0 7.89 (6.6), 0–40.0 0.39w

Mind-body duration 1.2 (1.8), 0–14.0 1.3 (1.8), 0–14.0 0.870 (1.5), 0–9.00 <0.001w

strength duration 1.2 (1.8), 0–21.0 1.2 (1.8), 0–21.0 1.30 (2.2), 0–18.0 0.72w

Physical labour duration 6.0 (5.3), 0–37.0 5.8 (5.0), 0–36.0 6.83 (6.3), 0–37.0 0.12w

Physical activity frequency (times/week)
cardiovascular frequency 6.2 (3.2), 0–19.0 6.2 (3.2), 0–19.0 6.26 (3.2), 0–15.0 0.94w

Mind-body frequency 1.4 (1.2), 0–4.0 1.5 (1.2), 0–4.0 1.09 (1.2), 0–4.0 <0.001w

strength frequency 1.7 (1.7), 0–6.0 1.7 (1.7), 0–6.0 1.62 (1.7), 0–6.0 0.55w

Physical labour frequency 4.4 (2.0), 0–10.0 4.3 (1.8), 0–10.0 4.84 (2.4), 0–10.0 0.003w

MBI score 5.4 (7.4), 0–65.0 5.4 (7.3), 0–65.0 5.5 (7.8), 0–49.0 0.56w

Note. all values for continuous variables are shown in mean (sD) range. values were rounded to one decimal place where appropriate. categorical vari-
ables are shown as n (%). Participants missing data in any of the variables were excluded from descriptive statistical analysis. abbreviations: MBI, mild 
behavioral impairment; w – wilcoxon rank sum (Mann-whitney) test; c – chi-squared test.
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had high blood pressure, 351 (23.8%) had high choles-
terol, 339 (23.0%) had mobility issues, and mean BMI 
was 28.2 (SD = 8.6, range = 18.8–59.2). For cognitive 
category, 1059 participants (71.7%) were cognitively 
normal, 404 (27.4%) had subjective cognitive decline, 
and 13 (0.9%) had MCI. Total cardiovascular duration 
was 8.1 hours/week (SD = 6.5, range = 0–43.0), 
mind-body duration was 1.2 hours/week (SD = 1.8, 
range = 0–14.0), strength training duration was 
1.2 hours/week (SD = 1.8, range = 0–21.0), and physi-
cal labour duration was 6.0 hours/week (SD = 5.3, 
range = 0–37.0). Total cardiovascular frequency was 6.2 
times/week (SD = 3.2, range = 0–19.0), mind-body fre-
quency was 1.4 times/week (SD = 1.2, range = 0–4.0), 
strength training frequency was 1.7 times/week (SD = 
1.7, range = 0–6.0), and physical labour frequency was 
4.4 times/week (SD = 2.0, range = 0–10.0). Mean 
MBI-C score was 5.4 (SD = 7.4, range = 0–65.0).

Physical activity duration and MBI

Distribution of the physical activity categories as a 
function of MBI-C score is shown in Supplementary 
Figure 1. As illustrated in Figure 2, adjusting for all 
covariates, cardiovascular activity duration and 

physical labour duration were associated with differ-
ences in MBI severity. Every 1 SD increase in cardio-
vascular duration was associated with 8.42% (95%CI: 
−13.23 to −3.33, p = 0.001) lower MBI severity. In 
contrast, every 1 SD increase in physical labour dura-
tion was associated with 5.64% (95%CI: 0.40–11.15, 
p = 0.03) greater MBI severity. Neither mind-body 
activity duration (b = 0.11%, 95%CI: –4.98 to 5.47, 
p = 0.97) nor strength training duration (b = 1.91%, 
95%CI: –3.15 to 7.23, p = 0.47) were associated with 
MBI severity. The associations between cardiovascular 
activity duration and physical labour duration and 
MBI were not moderated by the frequency of engage-
ment in each type of physical activity (cardiovascular 
b = –0.06%, 95%CI: −0.27 to 0.16, p = 0.62; physical 
labour b = 0.30%, 95%CI: −0.17 to 0.76, p = 0.21). 
These associations were also not moderated by sex 
(cardiovascular b = 1.37%, 95%CI: −0.56 to 3.34, 
p = 0.16; physical labour b = –1.14%, 95%CI: −3.20 to 
0.97, p = 0.29).

Discussion

This study found that different forms of physical activ-
ity may not have the same effects for brain health. The 

Figure 2. forest plot of multivariable negative binomial regression model outputs. Percent change in Mild Behavioral Impairment 
checklist (MBI-c) score for every 1 standard deviation increase in the duration of engagement in cardiovascular activities, 
mind-body activities, strength training activities, and physical labour, adjusting for age, sex, years of education, marital status, 
ethnocultural origin, occupation type (manual labour, qualified manual labour, non-manual labour, professional, and leadership/
managerial work), diagnosis of high blood pressure, and high cholesterol, issues with mobility, body mass index. error bars rep-
resent the 95% confidence interval (n = 1476).

https://doi.org/10.1080/09540261.2024.2360561
https://doi.org/10.1080/09540261.2024.2360561
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direction of effect for cardiovascular activity duration 
was in association with lower MBI severity, whereas 
physical labour duration had an opposite direction of 
effect, associated with greater MBI severity.

Our findings are consistent with the physical activ-
ity paradox, a phenomenon where occupational phys-
ical activity (physical labour) may not have the same 
beneficial effects as leisure-time physical activity, pos-
sibly even contributing to detrimental health effects 
(Holtermann et  al., 2018; Zotcheva et  al., 2023). There 
are several potential explanations for this paradox. 
Physical labour activities may be too low in intensity 
or too long in duration for maintaining or improving 
cardiovascular health as compared to leisure-time car-
diovascular activities. Additionally, long durations of 
engagement in physical labour activities tend to 
increase 24-hour heart rate and blood pressure, which 
are risk factors for cerebral small vessel disease 
(Holtermann et  al., 2018) and may also contribute to 
increased MBI severity (Miao et  al., 2021). 
Furthermore, excessive physical labour may be an 
indicator of low socioeconomic status, which has been 
indicated as a risk factor for dementia and 
dementia-related death (Cadar et  al., 2018; Korhonen 
et  al., 2020; Marden et  al., 2017). Conversely, the abil-
ity to participate in leisure-time cardiovascular activ-
ity may also be an indicator of high socioeconomic 
status. In our study, physical activity was based pri-
marily on voluntary activities rather than occupational 
obligation, but findings remained consistent with the 
physical activity paradox – a novel finding. 
Nonetheless, leisure-time cardiovascular activity may 
provide the most robust reductions in behavioural 
impairment preceding dementia, but this should be 
investigated in future clinical trials and potentially 
discussed at a public health level in terms of equal 
access to these activities.

These results extend the current literature. A sys-
tematic review and meta-analysis of randomized con-
trol trials on the effectiveness of physical activity in 
AD patients found that physical activity can improve 
cognition, non-cognitive symptoms such as NPS, and 
quality of life (Liang et  al., 2022). For NPS specifi-
cally, several studies have found that in dementia 
patients, engagement in physical activity reduces NPS 
burden (Christofoletti et  al., 2011; Veronese et  al., 
2019). Another study found that when older adults 
with AD were involved in a short-term exercise pro-
gram in addition to treatment as usual, NPS severity 
was reduced (Fleiner et  al., 2017). Of these studies, 
the most common physical activity intervention was 
aerobic physical activity, as captured by the cardiovas-
cular activity category in this study.

While much of this research has been in older 
adults with dementia, few studies have explored the 
link between physical activity and NPS in dementia-free 
older adults. A report from the Mayo Clinic Study of 
Aging assessed several types of physical activity in a 
sample of participants with normal cognition and 
MCI. Greater late-life total physical activity was asso-
ciated with lower odds of having apathy, appetite 
changes, nighttime disturbances, depression, irritabil-
ity, clinical depression, and clinical anxiety 
(Krell-Roesch et  al., 2023). Our findings are consis-
tent but differ with respect to aims; we linked physi-
cal activity and dementia risk as measured by MBI. 
NPS that are later-life emergent and persistent, as per 
MBI criteria, better predict incident dementia than 
conventionally measured NPS (Ghahremani, Nathan, 
et  al., 2023; Ismail et  al., 2023; McGirr et  al., 2022; 
Naude et  al., 2024; Vellone et  al., 2022). Thus, our 
findings may likely represent an association between 
cardiovascular physical activity and lower demen-
tia risk.

Several mechanisms may help explain our findings. 
First, studies show that oxidative stress and a 
pro-inflammatory profile are associated with NPS in 
older adults (Büttiker et  al., 2022; Esch et  al., 2002; 
Esch & Stefano, 2002). However, aerobic physical 
activity, including cardiovascular physical activity, may 
provide neuroprotection by enhancing the body’s anti-
oxidant defence mechanisms to resist oxidative stress 
(Tortosa-Martínez & Clow, 2012; Wang et  al., 2023). 
Regular exercise also helps protect against visceral fat 
accumulation, a source of inflammatory cytokines 
(Pedersen, 2009). These mechanisms align with find-
ings linking vitamin D deficiency and MBI (Rao 
et  al., 2020), and with vitamin D supplementation 
being associated with lower incidence of AD (with 
greater effects in females than males) (Ghahremani, 
Smith, et  al., 2023). As vitamin D protects against 
oxidative stress and may assist with amyloid-β clear-
ance, these findings strengthen the evidence base that 
similar neurobiological mechanisms contribute to cog-
nitive symptoms and behavioural symptoms. By exten-
sion, these symptoms could be amenable to 
non-pharmacological interventions such as exercise.

Second, cardiovascular physical activity shows pro-
tective effects against vascular pathology in the brain 
by inducing angiogenesis and increasing blood flow to 
the brain. For instance, a study showed that 
moderate-intensity exercise led to an immediate 
increase in blood flow to the brain. Thus, participants 
who exercised had higher levels of resting cerebral 
blood flow and brain metabolism, indicated by glu-
cose uptake, compared to sedentary adults (Barnes, 
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2015; Chapman et  al., 2013). In addition to cognition, 
this effect may help improve or mitigate the develop-
ment of some non-cognitive symptoms like NPS, 
resulting from hypo perfusion or hypo metabolism in 
the brain. Relatedly, white matter hyper intensities 
have demonstrated associations with MBI, further 
supporting links between vascular disease and 
behavioural risk for dementia (Miao et  al., 2021).

Lastly, several studies have shown that exercising 
can regulate the release of neurotransmitters like 
dopamine, norepinephrine, and serotonin, which 
can consequently reduce aggressive and depressive 
behaviour (Garcia et  al., 2003; Zheng et  al., 2018). 
The locus coeruleus is the primary site of human 
noradrenergic neurons. Reduced locus coeruleus 
integrity early in AD has been linked to MBI-impulse 
dyscontrol, providing a potential mechanism 
through which exercise may act (Cassidy et  al., 
2022). Additionally, norepinephrine and serotonin 
stimulation are important for enhanced brain-derived 
neurotrophic factor (BDNF) transcription after 
physical exercise (Ma, 2008). BDNF plays a crucial 
role in regulating neuronal survival, synaptic plas-
ticity, and neurogenesis in the brain, particularly in 
the hippocampus, which is, to an extent, responsi-
ble for memory and behaviour (Cotman & 
Berchtold, 2002; Garza et  al., 2004; Ma, 2008). 
Following exercise, BDNF is upregulated along with 
other growth factors in the hippocampus and 
improves mental performance in animal models 
(Cotman & Berchtold, 2002; García-Mesa et  al., 
2014; Garza et  al., 2004; Ma, 2008). Norepinephrine 
and serotonin may further upregulate BDNF during 
exercise, thereby reducing NPS. Additionally, BDNF 
polymorphisms may also be associated with MBI 
(Matuskova et  al., 2024; Ramezani et  al., 2020). 
Finally, several studies have linked MBI and bio-
markers for AD and other neurodegenerative dis-
eases, associations that are not consistently found 
in groups with conventionally measured NPS 
(Creese et  al., 2021; Creese & Ismail, 2022; 
Ghahremani, Nathan, et  al., 2023; Ghahremani, 
Wang, et  al., 2023; Ismail et  al., 2023; Johansson 
et  al., 2021; Lang et  al., 2020; Lussier et  al., 2020; 
Matsuoka et  al., 2023; Matuskova et  al., 2021; Miao 
et  al., 2021; 2022; Naude et  al., 2020; Ruthirakuhan 
et  al., 2022; Showraki et  al., 2019; Soto et  al., 2024; 
Sun et  al., 2021; Yoon et  al., 2019; 2022).

Ultimately, this study adds to the current evidence 
indicating that secondary prevention programs like 
cardiovascular physical activity can be beneficial for 
individuals at risk for dementia. The fact that the 
benefits of cardiovascular physical activity can 

precede the onset of cognitive decline is welcome 
news. Healthcare practitioners can recommend 
increased duration and frequency of cardiovascular 
activity as early as possible to patients to minimize 
behavioural impairments and later-life risk for cogni-
tive decline and dementia.

Despite these novel findings, this study is not with-
out limitations. First, we were not able to explore 
socioeconomic status as a possible mediator, modera-
tor, or confounder of the relationship, which should 
be explored in future studies; some data suggest that 
while higher recreational physical activity is associated 
with better cognition, higher work-related physical 
activity is associated with lower cognition (Zotcheva 
et  al., 2023). Additionally, this sample consisted of 
primarily higher educated individuals of European 
origins, which limits the generalizability of these find-
ings. The measure of physical activity is also a 
self-reported measure, which is subject to reporter 
bias. The CHAMPS questionnaire frequency scale 
combines frequencies of engagement ≥2 weekly into 
one category, somewhat limiting analysis. Lastly, this 
analysis was cross-sectional, and directionality cannot 
necessarily be implied. Longitudinal studies are needed 
to explore this further. Future studies should also 
investigate these relationships in terms of cognition to 
understand concurrently the impact of physical activ-
ity on later-life cognitive and behavioural changes.

Nonetheless, there are several strengths of this 
study. First, to our knowledge, this is the first study 
exploring the relationship between physical activity 
and MBI. Therefore, we have established a starting 
point for further investigations. Second, we focused 
on stratifying by the type, duration, and frequency of 
physical activity. This focus allowed us to explore 
relationships between durations and frequencies of 
physical activity in the same sample and establish 
clear associations between various types, durations, 
and frequencies of physical activities on MBI severity. 
This is particularly relevant as many previous studies 
tend to examine physical activity as a homogenous 
variable. Lastly, the large sample size of nearly 1500 
participants allowed us to investigate multiple 
associations.

Conclusion

This study investigated the cross-sectional relationship 
between the type, weekly duration, and weekly frequency 
of various physical activities. It was found that longer 
durations cardiovascular activity were associated with 
less severe MBI, while longer durations of physical 
labour were associated with more severe MBI. These 
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results can inform dementia risk reduction, where clini-
cians can include non-cognitive outcomes in addition to 
cognition when recommending cardiovascular physical 
exercise. Future studies should investigate this relation-
ship further, particularly through a clinical trial with a 
longitudinal cohort, to assess whether the association 
between physical activity and MBI is causal, whether it 
is direct or indirect, and if there are associations with a 
decreased risk of developing dementia.
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