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ABSTRACT 

Background

Indigenous peoples in Canada have higher prevalence of mod-
ifiable risk factors for Alzheimer’s disease (AD). The relative 
importance of these risk factors on AD risk management is 
poorly understood. 

Methods 

Relative risks from literature and prevalence of risk factors 
from Statistics Canada or the First Nations Regional Health 
Survey were used to determine projected population attrib-
utable risk (PAR) associated with modifiable risk factors for 
AD (low education and vascular risk factors) among on- and 
off-reserve Indigenous and non-Indigenous people in Canada 
using the Levin formula. 

Results 

Physical inactivity had the highest PAR for AD among Indig-
enous and non-Indigenous peoples in Canada (32.5% [10.1%–
51.1%] and 30.5% [9.2%–48.8%] respectively). The PAR for 
most modifiable risk factors was higher among Indigenous 
peoples in Canada, particularly among on-reserve groups. The 
greatest differences in PAR were for low educational attain-
ment and smoking, which were approximately 10% higher 
among Indigenous peoples in Canada. The combined PAR 
for AD for all six modifiable risk factors was 79.6% among 
on-reserve Indigenous, 74.9% among off-reserve Indigenous, 
and 67.1% among non-Indigenous peoples in Canada. (All 
differences significant to p < .001.)

Conclusions

Modifiable risk factors are responsible for the most AD 
cases among Indigenous peoples in Canada. Further re-
search is necessary to determine the prevalence of AD and 

the impact of risk factor modification among Indigenous 
peoples in Canada. 

Key words: Alzheimer’s disease, Canada, indigenous, risk 
factors, population attributable risk 

INTRODUCTION 

In 2006, 26.6 million people worldwide lived with Alzhei-
mer’s disease (AD), a number that is expected to grow as the 
population ages.(1) AD accounts for most cases of dementia 
among Canadians aged 65 years and over.(2) To date, there is no 
cure or disease-modifying treatment for AD. As such, a major 
focus of research is identifying modifiable risk factors for 
AD.(3) Many modifiable risk factors for AD are vascular risk 
factors, including diabetes, hypertension, obesity, smoking, 
and physical inactivity.(4,5) In addition, research show that low 
education is strongly associated with increased AD risk.(6,7) 

Though the prevalence of AD in the Canadian Indigenous 
population in Canada has not been well defined, the impor-
tance of dementia as a public health concern has recently 
been recognized.(8) One study found that dementia is more 
prevalent among First Nations peoples in Alberta compared to 
non-First Nations people and that dementia was diagnosed at 
younger ages.(8) The Indigenous population also has a dispro-
portionately high prevalence of most modifiable risk factors. 
For example, one study found that Indigenous people were 
two to four times more likely than non-Indigenous people to 
have diabetes.(9) Prior research also indicates that Indigenous 
peoples in Canada have higher rates of obesity, physical 
inactivity, and smoking compared to their non-Indigenous 
counterparts.(10,11,12) This is especially true for Indigenous 
(First Nations) peoples who live on-reserve.(13) 

Although research has examined vascular risk factors 
among Indigenous peoples in Canada in the context of cardio-
vascular disease, there is little research regarding the potential 
impact of these and other risk factors on AD. The objective 
of this study was to examine and compare the population 
attributable risk (PAR) for AD associated with six modifiable 
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risk factors (diabetes mellitus, midlife hypertension, midlife 
obesity, physical inactivity, smoking, and low educational 
attainment) among Indigenous and non-Indigenous peoples 
in Canada and among on- and off-reserve Indigenous peoples 
in Canada.

METHODS

For the purpose of this analysis, the Canadian population is 
segmented into three groups. On-reserve Indigenous peoples 
in Canada include Indigenous (First Nations) peoples who 
live in First Nations communities (on-reserve) in Canada. 
Off-reserve Indigenous peoples in Canada include people 
who self-identify as First Nations, Inuit, or Metis and live 
off-reserve in Canada. Finally, non-Indigenous people include 
any Canadians who live off-reserve and do not identify as 
First Nations, Inuit, or Metis and, thus, include people of 
many different ethnicities. 

Data Extraction

Prevalence of Risk Factors
The prevalence of six risk factors (diabetes mellitus, midlife 
hypertension, midlife obesity, physical inactivity, smok-
ing, and low educational attainment) was determined for 
the three populations of interest. Although depression was 
included in a prior publication regarding the population at-
tributable risk of AD,(14) depression was not included here 
since data regarding the prevalence of depression was not 
available through the Statistics Canada data sources used 
for these analyses. In addition, factors that elevate the risk 
for other types of dementia (for example, alcoholism) but 
are not among the primary risk factors for AD were also 
not included. 

Data for on-reserve Indigenous peoples in Canada were 
extracted from the 2008–2010 First Nations Regional Health 
Survey: National Report on Adults, Youth and Children Liv-
ing in First Nations Communities, which includes a sampling 
of 21,757 people from 216 First Nations communities.(15) 

Data for off-reserve Indigenous peoples (First Nations, Inuit, 
and Metis) and those who identify as non-Indigenous were 
extracted from the 2010 Statistics Canada Community Health 
Survey for people aged 45 years and older (CANSIM Table 
105-0512 for off-reserve Indigenous peoples and CANSIM 
Table 105-0501 for non-Indigenous people). Data on the 
prevalence of low educational attainment (less than high 
school diploma) among off-reserve groups was extracted 
from the 2006 Canadian Census estimates. The prevalence 
of each risk factor among off-reserve Indigenous peoples 
in Canada was calculated by weighting the prevalence for 
First Nations, Metis, and Inuit by their respective popula-
tion (Off-reserve Indigenous Prevalence = [(Population First 
Nations × Prevalence First Nations) + (Population Inuit × 
Prevalence Inuit) + (Population Metis × Prevalence Metis)] 
/ Total Off-reserve Indigenous Population). Similarly, the 

prevalence estimates for the total Indigenous population 
were calculated by weighting on- and off-reserve prevalence 
according to population estimates from the 2011 Canadian 
Census National Household Survey (Total Indigenous Preva-
lence = [(Population On-reserve × Prevalence On-reserve) + 
(Population Off-reserve × Prevalence Off-reserve)] / Total 
Indigenous Population). Presence of risk factors was self-
reported in all data sources. 

Relative Risks 
A literature review was conducted to determine the relative 
risk associated with each of the risk factors. Since no updated 
meta-analyses were published, relative risks were extracted 
from a prior publication by Barnes and Yaffe.(14) Most relative 
risks used in the meta-analyses were adjusted for confounding 
factors, most often including age and education. Since there is 
no research to indicate that the relative risks associated with 
modifiable risk factors for AD are different in Indigenous 
versus non-Indigenous populations, we used the same relative 
risks for both groups. 

Analysis
The PAR is defined as the number of cases of a disease in a 
population that can be attributed to a specific exposure. For 
the purpose of this paper, the PAR was the projected portion of 
cases of AD attributed to one or all six modifiable risk factors 
of interest. To calculate the PAR for each risk factor, we used 
the Levin formula,(16) as done previously:(14) 

where Prf refers to the prevalence of the risk factor and RR 
refers to the adjusted relative risk for AD associated with that 
risk factor. A combined PAR was calculated to determine the 
maximum combined effect of all risk factors: 

Combined 

The disadvantage of this equation is that it treats each 
risk factor as independent of the others, which is likely not 
true. However, it has the advantage of limiting the total sum 
of PARs to less than 100%. Differences between populations 
were calculated using the chi-square test. 

RESULTS 

In both the total Indigenous (on- and off-reserve Indigenous 
peoples) and non-Indigenous populations in Canada, physical 
inactivity had the highest PAR for AD. However, the PAR 
for most risk factors (excluding midlife hypertension) was 
higher among Indigenous peoples in Canada than among 
non-Indigenous people. The greatest contrast between groups 
was for low educational attainment (10.4% difference) and 
smoking (9.5% difference) (p-for-difference < .001). The 
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estimated combined PAR for all six risk factors was almost 
10% higher among Indigenous peoples in Canada than among 
non-Indigenous people. For additional detail regarding the 
prevalence, relative risks, and PAR associated with each risk 
factor in among the Indigenous and non-Indigenous people 
in Canadian populations, refer to Table 1. 

When examining the on-reserve and off-reserve In-
digenous populations (Table 2), the highest PAR for both 
groups was again for physical inactivity. Most PARs were 
higher among on-reserve Indigenous peoples in Canada than 
among off-reserve Indigenous peoples, with the exceptions 
being diabetes mellitus (same in the two groups) and midlife 
hypertension (higher in the off-reserve group). The greatest 
differences in PARs were in those associated with smoking 
(7.7%) and low education (7.5%) (p < .001). The estimated 
combined PAR for all six risk factors neared 80% for on-re-
serve Indigenous peoples in Canada and was approximately 
5% lower among off-reserve Indigenous peoples. For addi-
tional detail regarding the prevalence, relative risks, and PAR 
associated with each risk factor in the on- and off-reserve 
Indigenous peoples in Canada, refer to Table 2.

DISCUSSION

Most modifiable risk factors for AD are more common among 
Indigenous peoples in Canada than among the non-Indigenous 
people. As a result, the six risk factors addressed in this 

study accounted for a higher projected PAR for AD among 
Indigenous than non-Indigenous groups, with the risk factors 
responsible for over 75% of AD cases. Optimistically, this 
suggests that a greater portion of projected AD cases among 
Indigenous peoples may be preventable.

Most of the difference in the PARs between Indigenous 
and non-Indigenous peoples in Canada appears to be driven by 
high prevalence of risk factors among on-reserve Indigenous 
peoples. In all-cases, the PAR and prevalence of AD risk 
factors among off-reserve Indigenous peoples fell between 
the on-reserve and non-Indigenous groups. Consequently, 
the high risk for AD among Indigenous peoples in Canada is 
likely driven by a combination of cultural factors and social 
determinants of health (for example, education, employment, 
food access, built environment) that differ at least in magni-
tude between on- and off-reserve groups. 

Within both the Indigenous and non-Indigenous popu-
lations, physical inactivity had the greatest projected PAR 
for AD (>30% in both groups). Some barriers to physical 
activity are likely shared by on-reserve Indigenous, off-
reserve Indigenous, and non-Indigenous groups. For ex-
ample, health conditions, lack of time, and the influence of 
friends and family are frequently cited barriers to physical 
activity.(17,18,19,20) The influence of health conditions may be 
particularly relevant among Indigenous peoples in Canada 
as almost two-thirds of on-reserve Indigenous peoples in 
Canada have a chronic health condition.(15) Cultural factors 

TABLE 1. 
Prevalence, relative risk, and population attributable risk (PAR) associated with modifiable risk factors for  

Alzheimer’s disease in the total Indigenous and non-Indigenous population in Canada

Risk Factor Prevalence Relative Risk 
(95% CIa)

PARb 
(95% CI)

Total Indigenous Population

Diabetes Mellitus 16.4% 1.39 (1.16–1.66) 6.0% (2.6–9.7)
Midlife Hypertension 27.1% 1.61 (1.16–2.24) 14.2% (4.2–-25.1)
Midlife Obesity 33.7% 1.60 (1.34–1.92) 16.8% (10.3–23.6)
Physical Inactivity 58.8% 1.82 (1.19–2.78) 32.5% (10.1–51.1)
Smoking 40.8% 1.59 (1.15–2.20) 19.4% (5.8–32.9)
Low Education 48.8% 1.59 (1.35–1.86) 22.4% (14.6–29.6)
Combined (maximum) - - 76.1%

Non-Indigenous Population

Diabetes Mellitus 11.0% 1.39 (1.16–1.66) 4.1% (1.7–6.8)
Midlife Hypertension 31.0% 1.61 (1.16–2.24) 15.9% (4.7–27.8)
Midlife Obesity 19.7% 1.60 (1.34–1.92) 10.6% (6.3–15.3)
Physical Inactivity 53.6% 1.82 (1.19–2.78) 30.5% (9.2–48.8)
Smoking 18.6% 1.59 (1.15–2.20) 9.9% (2.7–18.2)
Low Education 23.1% 1.59 (1.35–1.86) 12.0% (7.5–16.6)
Combined (maximum) - - 67.1%

a Confidence Interval. 
b All differences in PAR between populations significant to p < .001.
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may also influence physical activity among Indigenous 
groups. For example, Canadian Indigenous youth reported a 
preference for traditional Indigenous forms of physical activ-
ity.(21) Developing culturally acceptable physical activity 
programs in coordination with the local community may be 
critical to increasing physical activity among Indigenous 
peoples in Canada. Poor access to facilities is another bar-
rier to physical activity that may be particularly pertinent to 
Indigenous people living on-reserve.(22,23,24,25) In a study of 
the Six Nations Reserve (Brant County, Ontario), participants 
reported poor walkability and difficulty accessing walking 
and cycling facilities.(26) This suggests that the built environ-
ment may be a key social determinant of physical activity 
among the Indigenous peoples in Canada, which could be 
altered by developing and maintaining community centres, 
roads, sidewalks, and trails. 

Low educational attainment had the second highest 
projected PAR for AD among Indigenous peoples in Canada 
and also accounted for the biggest discrepancy in the PAR 
between Indigenous and non-Indigenous groups (>10%). This 
is in line with prior research that indicates that the portion of 
off-reserve Indigenous peoples in Canada who do not com-
plete high school is twice that of non-Indigenous people.(27) 

The rate of low education is an additional 20% higher among 
on-reserve versus off-reserve Indigenous peoples in this 
study (66% versus 44%). Differences in education between 
Indigenous and non-Indigenous groups are likely influenced 
by colonialism and forced assimilation of Aboriginal peoples 

in Canada.(28,29) The history of imposed education through 
the residential school system contributes to the high rates 
of dropout among Indigenous peoples in the present day. 
(30) Furthermore, the trauma of the residential school system 
continues to affect Aboriginal peoples’ psychological health 
and wellbeing, taking the form of increased stress such as post-
traumatic stress disorder.(31) Research has shown low rates 
of education then contribute to high rates of unemployment 
and low socioeconomic status among Indigenous peoples in 
Canada,(32) which in turn drive other AD risk factors such as 
smoking and obesity.(15,33) 

To date, there has been limited research on strategies to 
improve education and literacy among Indigenous youth.(34) 
Research indicates Indigenous youth are less likely to attend 
school if they consider the teaching style unacceptable or 
are unable to relate to the content.(35,36) Successful strategies 
to increase educational attainment may require inclusion 
of cultural practices and values and delivery in local lan-
guages.(36) Such culturally appropriate strategies may drive 
student interest and attendance and,(35) thus, increase edu-
cational attainment and reduce AD risk. 

Smoking is another risk factor with a substantially 
higher (almost 10%) PAR for AD among Indigenous peoples 
in Canada. This confirms prior research indicating higher 
tobacco use in Indigenous populations, particularly among 
those living on-reserve.(10,37) Low income and unemploy-
ment are important social determinants of smoking among 
Indigenous peoples.(38,39) As a result, factors limiting 

TABLE 2.
Prevalence, relative risk, and population attributable risk (PAR) associated with modifiable risk factors for  

Alzheimer’s disease in the on-reserve and off-reserve Indigenous Canadian population.

Risk Factor Prevalence Relative Risk
(95% CIa)

PARb

(95% CI)

On-reserve Indigenous Population

Diabetes Mellitus 16.0% 1.39 (1.16–1.66) 5.9% (2.5–9.7)
Midlife Hypertension 21.8% 1.61 (1.16–2.24) 11.7% (3.4–21.3)
Midlife Obesity 40.2% 1.60 (1.34–1.92) 19.4% (12.0–27.0)
Physical Inactivity 62.5% 1.82 (1.19–2.78) 33.9% (10.6–57.2)
Smoking 57.0% 1.59 (1.15–2.20) 25.2% (7.9–40.6)
Low Education 65.9% 1.59 (1.35–1.86) 28.0% (18.7–36.2)
Combined (maximum) - - 79.6%

Off-reserve Indigenous Population

Diabetes Mellitus 16.0% 1.39 (1.16–1.66) 6.0% (2.6–9.8)
Midlife Hypertension 29.0% 1.61 (1.16–2.24) 14.9% (4.4–26.2)
Midlife Obesity 32.0% 1.60 (1.34–1.92) 16.0% (9.7–22.6)
Physical Inactivity 58.0% 1.82 (1.19–2.78) 32.1% (9.9–50.7)
Smoking 36.0% 1.59 (1.15–2.20) 17.5% (5.1–30.1)
Low Education 44.0% 1.59 (1.35–1.86) 20.5% (13.3–27.3)
Combined (maximum) - - 74.9%

aConfidence Interval.
bAll differences in PAR between populations significant to p < .001 with the exception of diabetes mellitus.
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education and employment opportunities may also drive 
smoking rates. However, Indigenous status is also associated 
with higher rates of smoking independent of socioeconomic 
status.(40) Although some suggest lack of taxation for tobacco 
among Indigenous peoples in Canada may contribute to high 
smoking rates, there is no evidence that increasing taxation 
reduces smoking.(41) One small study suggested that a cultur-
ally sensitive smoking-prevention program may be effective 
among Indigenous youth.(42) 

The PAR for AD associated with diabetes and obesity 
were also higher in the Indigenous population in Canada. High 
rates of each of these factors have been previously reported in 
Indigenous peoples in Canada.(9,10,11,12) Since off-reserve In-
digenous peoples in Canada have lower rates than on-reserve 
Indigenous peoples, there may be both general Indigenous 
factors and reserve-related factors contributing. Increasing 
rates of physical inactivity and poor diet are understood to 
contribute to obesity and diabetes among Canadians in gen-
eral, as well as psychosocial factors.(43,44) Indigenous peoples 
in Canada are more likely to be physically inactive, due to 
a combination of factors discussed above. Environmental 
factors related to living on-reserve or in remote locations 
may also increase obesity rates due to poor access to healthy 
foods.(22) Colonialism may be another factor that influences 
diet. Forced relocation of Indigenous people reduced hunting 
and gathering practices and increased Indigenous reliance on 
less nutritious store-bought foods.(45) Access to affordable, 
healthy food, either through stores or traditional hunting and 
gathering, would likely improve diets and reduce obesity, 
diabetes, and, thus, AD rates. 

The PAR associated with midlife hypertension was slight-
ly higher among non-Indigenous people than among Indig-
enous peoples. Since high blood pressure was self-reported, 
it is unclear whether blood pressure controlled by treatment 
was reported as high blood pressure or not. One study found 
higher rates of treated hypertension among Indigenous peo-
ples in Canada, though there was no difference in the current 
systolic blood pressure,(10) in line with our results. 

An important factor that may influence the prevalence of 
all AD risk factors among the Indigenous population in Canada 
is poor relationship with health-care providers. The devaluation 
of Indigenous knowledge and traditions fostered by coloni-
zation as well as historically imposed colonial institutions 
contribute to high rates of withdrawal of Indigenous people 
from Canadian institutions including the medical system.(30) 
Indeed, medical institutions are considered a powerful symbol 
of colonialism.(46) Studies indicate that Indigenous people in 
Canada feel that medical personnel do not relate to them and 
dismiss their concerns.(47,48) In addition, poor communication 
and relationships with physicians were evident.(48) Poor rela-
tionships may influence risk-factor diagnosis, treatment, and 
self-management and, thus, influence AD risk. The relationship 
of Indigenous people with Canadian health providers may 
be enhanced if patients are involved in decision making and 
experience respect for their culture and identify.(47)

Of note, remnant trauma from the residential school sys-
tem may affect risk for AD through more than education. The 
trauma continues to affect Aboriginal peoples’ psychological 
health and wellbeing, taking the form of increased stress such 
as post-traumatic stress disorder.(31) This may affect AD risk 
both directly, through increased stress and associated inflam-
mation over the life course,(49) and indirectly, by influencing 
behaviour. People who have experienced post-traumatic stress 
disorder are less likely to be physically active and are more 
likely to have poor diet, which is likely to influence AD risk.(50)

Chronic-disease self-management strategies may be an 
important approach to managing the burden and implication 
of all risk factors among Indigenous peoples in Canada. In 
particular, self-management strategies that involve commu-
nities in chronic-disease management and consider Indige-
nous-specific socio-ecological factors may be most effective.
(46) For example, the Aboriginal Diabetes Wellness Program 
which was implemented in Alberta (Canada) includes cul-
turally sensitive programming using a holistic approach to 
health management and offers programming in local native 
languages.(46) Such strategies could also be effective for other 
risk factors, particularly vascular risk factors that increase an 
individual’s risk not only for AD but also for cardiovascular 
disease. However, it is important to note that devaluation of 
Indigenous knowledge imparted by colonialism creates self-
doubt and makes self-management and behaviour change 
more difficult.(29)

Our study has both strengths and weaknesses. Few stud-
ies have examined dementia risk among Indigenous groups, 
particularly in Canada. As a result, this analysis of the PAR 
for AD associated with modifiable risk factors gives insight 
into the impact of modifiable risk factors on AD among 
Indigenous and non-Indigenous groups. The relative risk of 
each risk factor came from the most recent systematic reviews 
and meta-analyses, suggesting accuracy of estimates. Our 
data regarding prevalence also came from either Statistics 
Canada data or the First Nations Health survey, which mini-
mizes sampling bias. However, most data were self-reported 
in 2010. Thus, the data may be influenced by reporting bias, 
which would be likely to result in under-reporting of risk 
factors. Furthermore, prevalence rates from 2010 may not 
be consistent with current prevalence. The Levin equation 
used to estimate PAR may also have some limitations.(16) In 
particular, the equation assumes that each risk factor is inde-
pendent, which is likely not true due to clustering of health 
behaviours. As such, this may lead to an overestimation in 
the PAR for all risk factors combined. However, the Levin 
equation is thought to underestimate the PAR in cases where 
the adjusted relative risk is less than the crude relative risk, 
which is the case for the modifiable risk factors discussed here. 
In addition, Indigenous populations were identified differently 
based on residence, where on-reserve Indigenous people were 
identified by place of residence (that is, on-reserve) whereas 
off-reserve Indigenous people were self-identified. This 
may lead to some bias in the comparison between groups. 
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Furthermore, data for the off-reserve Indigenous population 
include First Nations, Inuit, and Metis peoples. This prevents 
any differentiation between these Indigenous groups, which 
may be diverse in not only the prevalence of risk factors for 
AD but also the contributing factors. Further, there may be 
additional risk factors that contribute either directly or indi-
rectly to the risk of dementia among Indigenous peoples in 
Canada, including depression and alcoholism which were not 
considered here. Depression was not included since it was 
not in the Canada Community Health Survey, our source of 
data for non-Indigenous people. Alcoholism was not included 
because it is chiefly a risk factor for alcohol-related dementia 
rather than AD. Finally, our analysis uses the same relative 
risks for the Indigenous and non-Indigenous groups. It is 
possible that the relationship between each risk factor, AD, 
and confounding factors may differ between the Indigenous 
and non-Indigenous groups in Canada due to living context 
of each population. 

CONCLUSION

Our results indicate that modifiable risk factors may account 
for over 75% of cases of AD among Indigenous peoples in 
Canada. Reducing the prevalence of physical inactivity and 
smoking and increasing education may have the greatest 
impact on the prevalence of AD among Indigenous peoples 
in Canada. The causes of high rates of risk factors among 
Indigenous peoples in Canada are likely complex and multi-
factorial and are likely to include sociocultural factors as well 
as environmental factors associated with on-reserve living. It 
is possible that successful strategies to reduce risk factors may 
need to be culturally sensitive and developed in collaboration 
with Indigenous peoples in Canada. Further research should 
determine the prevalence of AD in the Indigenous population 
in Canada and develop culturally appropriate interventions to 
reduce risk factors for AD. 

Key Points

The Indigenous population in Canada has a disproportionally 
high prevalence of modifiable risk factors for AD. 

Thus, the population attributable risk (PAR) associated 
with most AD risk factors is higher among Indigenous groups 
than among non-Indigenous groups, suggesting that a greater 
portion of AD cases are preventable. 

Low educational attainment and physical inactivity carry 
the greatest PAR for AD among Indigenous peoples in Canada. 

The greatest difference in PAR was for low educational 
attainment and smoking, where the PAR among Indigenous 
peoples in Canada was approximately 10% higher than among 
non-Indigenous people. 

Strategies to reduce risk factors may include improving 
access to healthy food and a health-promoting built environ-
ment on-reserve but need to take into account the cultures of 
Indigenous communities.
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