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Abstract

BACKGROUND: It has been suggested that up to 40% of
dementia cases worldwide are associated with modifiable risk
factors; however, these estimates are not known in Canada.
Furthermore, sleep disturbances, an emerging factor, has not
been incorporated into the life-course model of dementia
prevention.

OBJECTIVE: To estimate the population impact of 12 modifiable
risk factors in Canadian adults including sleep disturbances, by
sex and age groups, and to compare with other countries.
DESIGN: Cross-sectional analysis of Canadian Longitudinal
Study on Aging baseline data.

SETTING: Community.

PARTICIPANTS: 30,097 adults aged 45 years and older.
MEASUREMMENTS: Prevalence and Population Attributable
Fractions (PAFs) associated with less education, hearing loss,
traumatic brain injury, hypertension, excessive alcohol, obesity,
smoking, depression, social isolation, physical inactivity,
diabetes, and sleep disturbances.

RESULTS: The risk factors with the largest PAF were later life
physical inactivity (10.2%; 95% CI, 6.8% to 13%), midlife hearing
loss (6.5%; 3.7% to 9.3%), midlife obesity (6.4%; 4.1% to 7.7%),
and midlife hypertension (6.2%; 2.7% to 9.3%). The PAF of later
life sleep disturbances was 3.0% (95% CI, 1.8% to 3.8%). The 12
risk factors accounted for 51.9% (32.2% to 68.0%) of dementia
among men and 52.4% (32.5% to 68.7%) among women. Overall,
the combined PAF of all risk factors was 49.2% (31.1% to 64.9%),
and it increased with age.

CONCLUSION: Nearly up to 50% of dementia cases in Canada
are attributable to 12 modifiable risk factors across the lifespan.
Canadian risk reduction strategies should prioritize targeting
physical inactivity, hearing loss, obesity, and hypertension.
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Introduction

ith rapid global population aging, the

number of individuals living with dementia

worldwide is expected to triple, from 57
million to 152 million, by 2050 (1). In Canada, dementia
prevalence is projected to increase by 187% to 1,712,400
by 2050 (2). Dementia is a multifactorial syndrome that
results from multiple pathologies, including those that
cause neurodegeneration as well as vascular, metabolic,
and inflammatory processes that are associated with
potentially modifiable risk factors (3, 4). Lifestyle
interventions offer a promising non-pharmacological
approach to reducing dementia burden by tempering
modifiable risk factors. Risk reduction can potentially
be achieved through individual and public health
approaches, which could complement emerging disease-
modifying treatments directed at the pathological
processes (4).

The 2020 Lancet Commission Report on Dementia
Prevention, Intervention, and Care (5) indicated that up
to 40% of dementia cases worldwide are attributable
to 12 modifiable factors comprising health behaviours,
illnesses, and environmental exposures across the
lifespan, known as the life course model of dementia
prevention. This conclusion was reached by estimating
the weighted population attributable fraction (PAF),
which quantifies the contribution of a given risk factor by
combining both prevalence and the association between
risk factor and disease, such as risk ratio, while adjusting
for intercorrelation among risk factors.

1490



JPAD - Volume 11, Number 5, 2024

Following the Lancet series (5, 6), the population
impact of dementia risk factors has been estimated in
other countries with differences in risk factor profiles
(7-12). Assuming homogeneity of risk ratios among
countries, the differences in PAF across countries are
mainly driven by differences in risk factor prevalence. For
instance, less education is a greater contributing factor to
dementia than social isolation in low-income countries, as
they tend to have stronger social ties and social support
but have limited access to education compared to high-
income countries (9). Despite being one of the high-
income countries with a universal health care system,
Canada urgently needs strategies for dementia risk
reduction, as it is reaching the super-aged country status,
with > 20% of the population composed of older adults
(13). However, no studies have estimated the population
impact of the life-course model of modifiable risk factors
for dementia in Canada.

Besides the 12 risk factors included in the life course
model of dementia prevention, the Lancet Commission
Reports also identified sleep and diet as emerging risk
factors (5, 6). Given the number of intervention trials
delivering sleep and diet interventions to improve
cognition, it is timely to quantify their population impact
(14-16). Estimating the population impact of diet is
challenging due to the difficulty in measuring the diet
pattern. For sleep, a recent study estimated that 5.7%
of dementia cases are attributable to unhealthy sleep
duration, using UK Biobank data (17). However, the
population impact of sleep disturbances encompassing
other conditions has not been estimated nor included in
the life course model of dementia prevention.

Although air pollution is included in the life-course
model (5), focusing on lifestyle risk factors, rather
than including an environmental risk factor, would be
more beneficial in guiding the dementia risk reduction
program.

Therefore, to provide evidence to help inform future
lifestyle interventions in Canada, we aimed: i) to estimate
the prevalence and potential population impact of
modifiable risk factors, including sleep disturbances,
using the largest Canadian population cohort study, and
ii) to compare the contribution of modifiable risk factors
with other countries. To further provide evidence for
tailoring prevention strategies, we aimed to estimate
these measures stratified by age groups and sex.

Methods

This was a cross-sectional analysis of baseline data
from the Canadian Longitudinal Study on Aging (CLSA)
Comprehensive cohort (18). We followed STROBE
guidelines for a cross-sectional study.

Data source

CLSA is a prospective cohort study following 51,388
Canadians aged 45-85 years at recruitment for 20 years

(18). Participants were recruited to either Tracking or
Comprehensive cohorts, which differed in sampling
methods and data availability, as described elsewhere
(18) and in Figure S1 in Appendix. The comprehensive
cohort was used as it included participants who had
undergone detailed and comprehensive face-to-face
assessments that included a neurocognitive battery,
sensory-vision, audiometry, proprioception testing, as
well as physical and mobility assessments. Individuals
with a diagnosis of cognitive impairment and
or dementia, full-time members of the armed forces,
residents of First Nations reserves, territories, or long-
term care institutions (only those that provide 24-hours of
nurse care), and those who could not respond in English
or French at recruitment were excluded (18). Baseline data
were collected from 2012 to 2015 (18).

Risk factors

A total of 12 risk factors were identified using
operational definitions from the Lancet report (5) and 2
initial PAF estimation studies for dementia (19, 20). Less
education was defined as having less than secondary
school graduation. Hearing loss was derived from an
average hearing level of >25 dB at 500, 1000, 2000 and
4000 Hz in the better ear (21). Traumatic brain injury
was defined as having at least one head injury caused
by a vehicular crash, fall, or sports-related activities
that resulted in losing consciousness. An average
systolic blood pressure =140 mmHg across six seated
measurements, excluding the first reading, or self-
reported diagnosis was used to define hypertension. The
number of drinks per week was converted to the unit
of alcohol using the alcohol unit conversion formula by
UK National Health Service, (Strength (ABV%)xVolume
(mL))/1,000 (22). Based on the converted unit of alcohol,
>21 units was used to indicate excessive alcohol use.
BMI of =30 kg/m? was used to categorize obesity. Daily
or occasional cigarette smoking in the past 30 days was
used to represent current cigarette smoking. Depression
was categorized based on the self-reported diagnosis of
clinical depression. Social isolation was defined as having
less than one social contact within a month with family,
friends, or neighbours. The level of physical activity
was measured using the Physical Activity Scale for the
Elderly (PASE) questionnaire. The total hours of physical
activity per week were computed using the lowest
point of each frequency and duration category, with the
exception that the midpoint was used for the lowest
frequency category. Based on the estimated minutes of
moderate-to-vigorous physical activity, physical inactivity
was defined as <150 minutes per week. A self-report
diagnosis of type 2 diabetes by a physician was used
for diabetes. We characterized sleep disturbances based
on the definition used in the systematic review (23)
from which we used their reported relative risk for PAF
calculation. Sleep disturbances were broadly defined
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to encompass poor sleep quality, daytime sleepiness,
insomnia symptoms, obstructive sleep apnea symptoms,
and restless leg syndrome symptoms, based on self-
reported questionnaires on sleep quality and behaviours.
More details on sleep disturbances classification are
provided in Table S2 Appendix.

Statistical Analysis

Demographic characteristics were summarized
using mean and standard deviation or frequency and
percentage, where appropriate. To build the life-course
model, the prevalence of midlife and later life risk
factors was calculated for the age group 45-64 and 65-85,
respectively. Early life risk factors were calculated for all
age groups. The prevalence estimates were weighted with
inflation weights to account for differences in selection
probabilities (24).

As described elsewhere (9), PAF of each risk factor
was calculated using Levin’s formula and risk factor
overlap was adjusted by applying Norton’s formula
(20), which involves weighting by communalities
from principal component analysis (see Table S3 in the
Appendix for a detailed description). Risk ratio was taken
from the Lancet report (5) for all risk factors except sleep
disturbances, which was derived from a recent meta-
analysis of 18 longitudinal studies with an average of 9.5
years of follow up assessing the association between sleep
disturbances and dementia (23).

To compare our results with global estimates (5)
and other countries (7-11), we obtained the prevalence
and PAF from other studies that utilized the Lancet (5)
approach. The life-course model obtained from CLSA was
qualitatively compared to the global estimates (5), USA
(7), New Zealand (8), India (9), Latin America (9), China
(9), Australia (10), Brazil (11), and Denmark (12). A total
of nine risk factors were available across all the studied
countries — less education, hearing loss, hypertension,
obesity, smoking, depression, social isolation, physical
inactivity, and diabetes — and were measured using
similar definitions across studies.

To further explore differences in risk factor distribution
by age groups and sex, analyses were stratified by four
age groups (45-54, 55-64, 65-74, and 75-85) and sex, and
chi-square tests were conducted. A sensitivity analysis
compared changes in prevalence and PAF with different
risk factor definitions. Depression was re-operationalized
as a 10-item Center for Epidemiologic Studies Depression
Scale score of =10 to reflect depressive symptom.
Excessive alcohol use was re-defined using Canadian
guidance, which is drinking >7 standard drinks per
week (25). A five-point Steptoe social isolation index was
derived to incorporate cohabitation, social contact and
participation into social isolation with a cut-off of =3. All
the analyses were conducted with R-packages survey and
psy in R Version 4.2.0 (26).

POTENTIALLY MODIFIABLE DEMENTIA RISK FACTORS IN CANADA

Results

A total of 30,097 participants were included (Table 1).
The mean age was 59.7 years (SD 10.3) and 52% were
women. The majority were white (94%), living in urban
areas (90%), and 74% were married.

Table 1. Participant characteristics (Weighted N =
3,812,085)

Overall (n=30,097)

Age, years 59.7 (10.3)
Age groups
45-54 7,595 (39%)
55 - 64 9,856 (31%)
65-74 7,362 (18%)
75+ 5,284 (12%)
Sex
Women 15,320 (52%)
Men 14,777 (48%)
Ethnicity
Non-white 1,326 (6.2%)
White 28,771 (94%)
Education

< secondary school education 1,643 (17%)

Secondary school graduation 2,839 (12%)
Some post-secondary education 2,238 (9.1%)
Post-secondary degree/diploma 23,327 (62%)
Marital
Single (never married/lived with a partner) 2,654 (8.7%)
Married / Common-law relationship 20,651 (74%)
Widowed /Divorced /Separated 6,784 (17%)
Income
<$20,000 1,566 (6.9%)
$20,000 - $50,000 6,360 (23%)
$50,000 - $100,000 9,907 (33%)
$100,000 - $150,000 5,524 (20%)
>$150,000 4,799 (17%)
Province
Alberta 2,957 (10%)
British Columbia 6,254 (28%)
Manitoba 3,113 (7.2%)
Newfoundland and Labrador 2,214 (2.1%)
Nova Scotia 3,078 (3.8%)
Ontario 6,418 (17%)
Quebec 6,063 (32%)
Region
Pacific 6,254 (28%)
Prairie 6,070 (18%)
Central 12,481 (48%)
Atlantic 5,292 (5.8%)
Rurality
Rural 2,424 (5.2%)
Urban 26,461 (90%)
Peri-urban 1,212 (4.3%)

Data shown are mean (SD) or n (%)
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Early life Less education

Midlife Hearing loss
Traumatic brain injury
Hypertension
Excessive alcohol
Obesity

Later life Smoking
Depression
Social isolation
Physical inactivity
Type 2 diabetes
Sleep disturbances
Combined PAF

1.6 (1.3,2.0)
1.9 (14,2.7)
1.8(1.5,2.2)
1.6 (1.2,2.2)
1.2(1.1,1.3)
1.6 (1.3,1.9)
1.6 (1.2, 2.2)
1.9 (1.6,2.3)
1.6 (1.3,1.9)
14(12,1.7)
1.5(1.3,1.8)
1.2(1.1,1.3)

56.3
52.3
18.3
55.4
43.5
57.1
51.7
22.3
29.8
54.1
40.0
24.6

14.0
21.0
15.0
30.0
11.0
31.0
6.2

12.0
1.6

83.0
13.0
40.0

7.8
15.9
10.7
5%
22
15.7
3.6
9.8
1.0
24.9
6.1
7.4

3.2(1.9,4.3)
6.5(3.7,9.3)
44(33,54)
6.2(2.7,9.3)
0.9 (0.5, 1.1)
6.4 (4.1,7.7)
1.5 (0.6,2.4)
4.0 (3.2.4.8)
0.4 (0.2,0.5)
10.2 (6.8, 13.0)
25(24,3.3)
3.0(1.8,3.8)
49.2 (31.1, 64.9)

Abbreviations: PAF, population attributable fraction; RR, risk ratio

Early life

brain injury

Potentially
modifiable
49.2%

Unknown
50.8%
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Prevalence

The most prevalent risk factor was later life physical
inactivity (83%) (Table 2), followed by later life sleep
disturbances (40%), midlife obesity (31%), midlife
hypertension (30%), and midlife hearing loss (21%). The
least common risk factors were midlife smoking (6.2%)
and social isolation (1.6%) in later life. The prevalence
of physical inactivity was much higher than in other
countries, which ranged from 15.3% in India to 82%
in Australia, as shown in Table 3. Smoking and social
isolation were noticeably less prevalent than in other
countries.

PAF

The weighted individual and combined PAF of all risk
factors in Canada are presented in Table 2 and Figure 1.
Almost 50% of dementia cases in Canada were attributed
to 12 risk factors (PAF 49.2%, 95% CI 31.1% to 64.9%) —
nearly 12 points more than the worldwide estimate of
37.4% (Table 3 and Figure S2 in Appendix). The PAF of
the nine risk factors available in other studied countries
ranged between 33.2% and 55.9%. When using these
nine risk factors, the combined PAF in Canada (41%) was
higher than in USA (36%), Denmark (33.2%) and Australia
(35.5%) but lower than in Latin America (55.9%). The
combined PAF of the nine risk factors in Canada was
similar to New Zealand, India, China, and Brazil, with a
range from 39.5% and 42.1% (Table 3).

Of the 12 risk factors, later life physical inactivity had
the largest weighted PAF in Canada, contributing 10.2%
(95% CI 6.8% to 13.0%). The weighted PAF of midlife
hearing loss, obesity, and hypertension in Canada were
6.5%, 6.4%, and 6.2% respectively (95% CI 3.7% to 9.2%
for hearing loss, 95% CI 4.1% to 7.7% for obesity, and 95%
CI 2.7% to 9.3% for hypertension). Later life smoking,
midlife excessive alcohol use, and later life social isolation
were associated with less than 2% of PAF in Canada.
Compared to other countries, Canadian weighted PAFs
were smaller for later life smoking and social isolation,
while larger for later life physical inactivity, midlife
traumatic brain injury and excessive alcohol use (Table
3 and Figure S2 in Appendix). The weighted PAFs for
early life less education, midlife hypertension, and later
life depression in Canada were larger than in other high-
income countries, whereas the weighted PAF for early life
less education and midlife hypertension was smaller than
low- and middle-income countries. Moreover, compared
to low- and middle-income countries, Canada had a
larger weighted PAF for midlife obesity.

By Sex and Age groups

Prevalence of the most common risk factors differed
across sexes (Table 4 and Figure S4 in Appendix). Among
women, 80.0% had physical inactivity and 20.8% had

depression, as compared to 72.8% and 11.8% in men.
The prevalence of less education and sleep disturbances
were similar between sexes (p>0.05). The prevalence
of hearing loss, traumatic brain injury, hypertension,
excessive alcohol use, diabetes, and social isolation was
higher in men than women (p<0.001).

Overall, the 12 risk factors accounted for 52.4% (95%
CI 32.5% to 68.7%) of dementia among women and 51.9%
(95% CI 32.2% to 68.0%) among men (Table 4 and Figure
S5 in Appendix). The weighted PAF of hearing loss,
traumatic brain injury, and excessive alcohol use was
higher in men, whereas the weighted PAF of depression
and physical inactivity was higher in women.

Prevalence and weighted PAF also varied across age
groups (Table 4 and Figure S6 in Appendix). From age
45-54 to 75-85 years, prevalence increased from 13.5% to
81.2% for hearing loss, 7.2% to 24.7% for less education,
21.5% to 59.8% for hypertension, 71.6% to 87.8% for
physical inactivity, and 4.3% to 12.1% for diabetes. The
highest prevalence of traumatic brain injury (15.3%) and
smoking (13.7%) was observed at age 45-54 years, which
declined after age 55 years and dropped to 8.9% and 3.9%
at age 75-85 years, respectively. Depression prevalence
increased from 16.4% in age 45-54 to 20.6% in 55-64 years,
then decreased to 9.0% in 75-85 years.

The combined PAF of all 12 risk factors increased
with age (Figure S5 in Appendix). The combined PAF
was 49.1% (95% CI 30.5% to 65.5%) in age 45-54 years,
51.1% (95% CI 31.4% to 67.6%) in 55-64 years, 63.4% (95%
CI 40.7% to 79.4%) in 65-74 years, and 68.2% (95% CI
46.2% to 83.9%) in 75-85 years. Physical inactivity had the
highest weighted PAF among ages 45-54 years (10.2%,
95% CI 6.6% to 13.2%) and 55-64 years (8.8%, 95% CI 5.7%
to 11.4%), while hearing loss had the largest weighted
PAF among ages 65-74 years (14.1%, 95% CI 9.0% to
17.3%) and 75-85 years (19.0%, 95% CI 13.4% to 21.6%).
The estimated communality and unadjusted PAFs by age
groups and sex are shown in Table 53-54 in Appendix.

Sensitivity Analyses

Operationalizing risk factors with different definitions
increased the prevalence and PAF, and also changed the
rank of risk factors with the largest PAF (Table S5-S7
in Appendix). The prevalence increased to 16% for
depression, 29% for excessive alcohol use, and 42% for
social isolation. The largest change was observed with
social isolation, and its prevalence increased from 1.6% to
42%. The combined PAF increased to 53.2% (95% CI 33.9%
to 68.9%). Later life social isolation became the risk factor
with the second largest PAF. In older age groups, social
isolation had larger PAF than obesity.

Discussion

Our results suggest that up to 49% of dementia cases in
Canada may be attributable to 12 modifiable risk factors.
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To our knowledge, this is the first study estimating
the potential population impact of 12 modifiable risk
factors for dementia in this country and to include sleep
disturbances in a life-course model with participants as
young as 45 years. The predominant contributors were
later life physical inactivity, midlife hearing loss, midlife
obesity, and midlife hypertension. In contrast, later life
smoking, midlife excessive alcohol use, and later life
social isolation had substantially less contribution. Finally,
we observed a similar prevention potential in men and
women.

Over 80% of Canadians were not meeting physical
activity guidelines, and nearly 40% of Canadians had
impaired sleeping. Furthermore, 1 in 3 Canadians were
obese or had hypertension, and 1 in 5 Canadians showed
hearing loss. The estimated prevalence of obesity, physical
inactivity, diabetes, and sleep disturbances was similar
to previous estimates, but our results showed a higher
prevalence of less education and hypertension, and a
lower prevalence of smoking and hearing loss (27, 28).

Despite an unclear underlying mechanism between
hearing loss and dementia, a meta-analysis of 8
longitudinal studies found a 19% lower risk of cognitive
decline among individuals with corrected versus
uncorrected hearing loss (29). These findings suggest that
dementia prevention programs and primary health care
providers should consider encouraging hearing tests and
hearing aid use. Compared to other lifestyle strategies,
addressing hearing loss faces challenges related to stigma
and affordability of hearing aids (30). Given its high
PAF and associated barriers, there is a pressing need to
enhance hearing health care besides promoting patient
education.

Sleep disturbances are an emerging potential
contributor to dementia, and the high prevalence we
found could be translated to brain health benefits at
the population level. For instance, non-pharmacological
interventions for sleep disturbances or disorders include
sleep hygiene education, physical activity, and, in
some cases, bright light therapy (31). However their
effectiveness in preventing cognitive impairment requires
further study due to potential reverse causation (32).
Periodically screening sleep impairment in practice
will help identify and intervene undiagnosed sleep
impairment.

The combined PAF of the nine risk factors that are
available across all studies was 33.2% globally and ranged
between 33.2% and 55.9% among studied countries.
The proportion of potentially preventable dementia
cases attributable to these nine risk factors in Canada
was similar to studies from low- and middle-income
countries, but higher than those from other high-income
countries. Latin America reported the highest combined
PAF, using data from 6 Latin American countries (9).

The risk factor with the highest weighted PAF was
less education in low- and middle-income countries,
while it was physical inactivity and obesity in high-

POTENTIALLY MODIFIABLE DEMENTIA RISK FACTORS IN CANADA

income countries, suggesting a sociocultural gradient in
dementia risk factors. Notably, risk factor profiles varied
even among high-income countries, highlighting the
uniqueness of the Canadian population, which could
inform policymakers in Canada. For instance, despite
cultural similarities between Canada and USA, the
prevalence of hearing loss, depression, and alcohol use
was 2 to 4 times higher in Canada, while USA had 1.5
times or more higher prevalence of obesity, diabetes,
hypertension, and social isolation (7). Interestingly,
although obesity was more prevalent in USA, Canada
had a higher prevalence of physical inactivity. Despite
geographical distance, the risk factor profile of Canada
was fairly similar to Australia and Denmark. This
underpins the importance of identifying population-
specific risk factor profiles to inform researchers and
policymakers on developing dementia risk reduction
strategies. International differences in risk factor
prevalence could also reflect healthcare and policy
contexts. For instance, the relatively lower prevalence
of less education and smoking in high-income
countries might be explained by the implementation of
governmental compulsory education (33) and tobacco
control policies (34).

Our age-specific analysis found that physical inactivity,
less education, and risk factors related to chronic
diseases, such as hearing loss, hypertension, and diabetes,
gradually increase with age. Similar findings were
observed in a study conducted in Chilean population (35).
The decreasing trend observed for traumatic brain injury,
smoking, and excessive alcohol use may imply a decline
in risk-taking with aging (36).

As with other studies ascertaining sex-specific
estimates (35, 37, 38), the prevalence of traumatic brain
injury, hearing loss and excessive alcohol use were higher
in men while depression and physical inactivity were
more prevalent in women. Contrary to our results, sex
differences in smoking were observed in previous studies
(35, 37, 38). Although we obtained a similar potential
for dementia prevention in men and women, the
observed difference in risk factor profile is important to
inform public policy to focus on addressing early risk
behaviours, particularly in men.

Importantly, the difference in the risk factor profile
we observed by age groups and sex highlights the
importance of tailoring national dementia prevention
programs and strategies. For instance, dementia
prevention programs for middle-aged adults should
include education on risk-taking behaviours, while
the focus could shift to better management of hearing
loss, hypertension, and diabetes in older adults. The
programs for older adults should prioritize delivering
group exercise or recreational programs. The dementia
prevention efforts could be further enhanced by focusing
on addressing depression in women and hearing loss in
men.

The World Health Organization’s Global Action
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Plan as well as Canada’s National Dementia Strategy
includes the promotion of a healthy lifestyle to reduce
dementia risk, such as initiatives and programs to prevent
and manage non-communicable diseases (27, 39, 40).
However, the observed high prevalence of physical
inactivity highlights the need to advocate and implement
moderate-to-vigorous exercise programs for older adults
to help them meet physical activity targets. For instance,
aerobic and resistance exercises have been shown to
improve cognition in older adults and can be delivered
in exercise programs (41, 42). Innovative approaches
including exercises and effective coaching delivered by
digital apps and platforms could help tackle this issue (16,
43). Importantly, the high prevalence of hypertension and
obesity further underscores the opportunity to improve
both vascular and brain health.

The primary strength of our study is the use of CLSA
data, the largest and well-characterized cohort study
in Canada. Its large sample of over 30,000 participants
allowed us to explore the risk factor distributions from
midlife to later life. Specifically, we showed dementia risk
factor distributions and their PAF across 4 age groups
beginning at age 45. In addition, as a single data source
was used to measure all 12 modifiable risk factors, we
were able to avoid making assumptions of communality
for any variables, which can undermine the precision of
the analyses.

There are several limitations. First, some risk
factors were defined based on self-reported data and
misclassification of risk factors may impact the estimated
PAF. For example, depression and sleep disturbances
were classified based on self-reported measures, although
using valid instruments. Physical inactivity excluded
light activities. However, because our sensitivity analyses
produced higher estimates of PAF than our main analysis,
our estimates probably underestimate PAF. Second,
Levin’s formula assumes no confounding and it produces
a biased estimate of PAF when adjusted risk ratio is used.
Since covariate adjustments tend to reduce risk ratio
estimates, our obtained PAF may be underestimated
(44). Third, the PAF calculation relies on risk ratio and
prevalence which are estimated at an aggregated level
and likely to be dependent on participant characteristics
such as ethnicity. While Canada is an ethnoculturally
diverse country, with 70% of Canadians reported being
White, our sample was composed by largely highly
educated White Canadians, living in urban settings
(45). This suggests that the obtained prevalence may
not accurately reflect risk factor prevalence in other
population groups, limiting generalizability. For the
age and sex-specific PAF calculation, the risk ratio used
was from the life course-specific measures and may
not accurately represent other age groups or sexes. The
Norton’s formula we used to estimate the combined PAF
assumes the independence of risk factors by weighting
risk factor overlapping (20, 46). However, this approach
of adjusting for risk factor inter-relationship to combine
PAF may not fully account for confounding, interactions

among risk factors, and its multifactorial nature. While
the new approach to calculate the combined PAF without
assuming independence by robustly accounting for the
complexity and inter-relationship of risk factors has been
proposed, our results can be seen as conservative as the
new approach presented a higher estimation of combined
PAF (46). An important limitation in the interpretation of
PAF is it relies on assumptions of causality between risk
factors and dementia, such as hypertension which fulfills
the causality criteria. However, the causality has not been
fully established for some risk factors including sleep
disturbances, which may increase the risk of dementia
but can also be part of the pathophysiological process
of dementia (32). Although diet is recognized as an
important dementia risk factor (47), it was not included
due to the complexities of analyzing diet. Lastly, while
most of the risk factors had similar definitions, caution
is needed in comparing the prevalence and PAF across
studies.

Our results have critical implications for public health
and policymakers by demonstrating the prevalence and
the potential population impact of dementia modifiable
risk factors that can be targeted in national strategies or
intervention programs, such as promotion of physical
activity, and by helping in prioritizing the most beneficial
risk factors to be combated.

Implications for healthcare professionals included
awareness of potentially reversible dementia risk
factors that could be screened and treated from midlife.
Interestingly, several of the risk factors identified are
also critical for cardiovascular health, therefore their
prevention and treatment can theoretically improve both
cardiovascular and brain health.

Although today the p-amyloid-targeting therapies
in early symptomatic Alzheimer’s disease is showing
promising results (48, 49) there is emerging evidence
that the beneficial effect of lifestyle interventions are
regardless of B-amyloid pathology burden (50).
Multidomain intervention trials targeting modifiable
lifestyle risk factors including the seminal FINGER trial
(51) and subgroup analyses of other large prevention
trials (52, 53) have started to show positive results in
improving cognition. The FINGER model is being
adapted and tested globally within the World-Wide
FINGERS network of multidomain trials for dementia
risk reduction (14), including the SYNERGIC trials and
Brain Health PRO in Canada, part of the Canadian
Therapeutic Platform Trial for Multidomain Interventions
to Prevent Dementia (CAN-THUMBS UP) initiative (16,
41, 43). Additionally, combining lifestyle intervention
with disease-modifying therapy will offer an even better
opportunity to effectively and precisely manage and
prevent dementia based on patient’s risk profiles, as
demonstrated in diabetes management (54), and
multidomain lifestyle-based interventions combined with
repurposed drugs (metformin) are now being tested
in Europe (55). Importantly, not all older adults at risk
of dementia will be candidates for emerging disease-
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modifying therapy due to the therapies contraindications
and limited generalizability of the current trial
results, and therefore lifestyle interventions may be
more applicable (56). Analyses of the most prevalent
combinations of risk factors and risk factor clustering
would allow the development of impactful personalized
prevention programs.

In conclusion, we determined that nearly up to 50%
of dementia cases in Canada are attributable to 12
modifiable risk factors across the life span. The most
prominent modifiable risk factors were later life physical
inactivity, midlife obesity, midlife hypertension, and
midlife hearing loss, whereas midlife excessive alcohol
use, later life smoking, and later life social isolation had
substantially less contribution.
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