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Background: An understanding of the risk factors contributing to disease burden is critical for determining research priorities and
informing national health policy. We aimed to identify the risk factor trends in Canada.

Methods: As part of the Global Burden of Disease (GBD) study (1990-2016), we conducted an analysis of country-level estimates
for Canada to assess the burden of diseases and injuries attributable to risk factors. For both 1990 and 2016, metabolic, environmen-
tal and behavioural risk factors were ranked according to their contribution to disability-adjusted life years (healthy years of life lost),
total deaths and years lived with disability.

Results: In 2016, the risk factors accounting for the largest percentage of disability-adjusted life years in Canada were (1) tobacco,
(2) diet, (3) high body mass index, (4) high fasting plasma glucose, (5) high systolic blood pressure, (6) alcohol and drug use, (7)
occupational risks, (8) high total cholesterol, (9) impaired kidney function and (10) air pollution. Risk factor rankings remained similar
from 1990 to 2016 despite some substantial declines in burden, including a 47% (= 3%) decline in the age-standardized disability-
adjusted life years rate attributable to tobacco since 1990. Risk factors with an increasing contribution to disability-adjusted life years
rates from 1990 to 2016 included high body mass index, high fasting plasma glucose and alcohol and drug use.

Interpretation: Metabolic and behavioural risk factors, including modifiable factors such as tobacco use and diet, remain the leading
risk factors contributing to the burden of diseases and injuries in Canada. This work identifies priorities and targets for reducing pre-
mature death and disability burden in Canada.

n Canada, modifiable factors such as smoking, diet and

physical activity are major determinants of life expec-

tancy,' indicating that actionable preventive strategies
can lead to improved health outcomes. An understanding
of Canada’s foremost health problems, their risk factors,
and how both are changing over time is crucial to inform
national health policy and programs, health authority plan-
ning and scientific research priorities. However, disease
burden has traditionally been defined in terms of mortality
alone, which misses additional health burden, such as living
with a disability. It is difficult for policy-makers and
researchers to set priorities when disparate diseases and
injuries affect population health in diverse ways, and the
measurement of their contributions to health burden is not
standardized. Therefore, an analysis that examines health
loss from both disability and death on the same scale in
relation to attributable risk factors is warranted.
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The Global Burden of Diseases, Injuries, and Risk Factors
Study (GBD) is an international scientific effort to systemati-
cally quantify the comparative magnitude of global health loss
resulting from disease, injuries and risk factors to inform
evidence-based policy-making.? In the GBD, the goal is not
just to measure which diseases or injuries cause death but also
to measure which diseases and injuries prevent someone from
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living a productive, active and full life.> GBD burden esti-
mates for health loss and attributable risk factors have recently
been summarized for individual countries, including the
United States,* Germany® and the United Kingdom.”
Although estimates of health loss have recently been pre-
sented for Canada,® the burden of attributable risk factors for
Canada has not yet been reported. The objective of this paper
is to identify the leading risk factors contributing to the bur-
den of diseases and injuries in Canada.

The GBD study, led by the Institute for Health Metrics and
Evaluation at the University of Washington, quantifies global
health loss to inform evidence-based policy-making.” The
GBD study has an established reputation for providing com-
prehensive assessments of global mortality and morbidity, and
its comparative risk assessment approach to quantifying the
influence of risk factors on disease burden is well regarded.
The GBD study collects and analyzes a continuous stream of
the most up-to-date data available from a wide variety of
resources including randomized controlled trials, cohort stud-
ies, household surveys, census data, vital registration data and
satellite data.!” These data are extracted into centralized data-
bases to model internally consistent estimates for diseases,
injuries and risk factors, adjusting for bias, standardizing for
age and incorporating covariates.!’ Specific details of the
GBD study methods and their development (including ana-
lytic tools developed for missing data) have been reported
previously,"'"'¢ and GBD methods, data and codes are avail-
able publicly through interactive tools and visualizations
(vizhub.healthdata.org/gbd-compare).'” The GBD methodol-
ogy is reviewed and updated annually and is compliant with
the Guidelines for Accurate and Transparent Health Esti-
mates Reporting (GATHER).!®

Members of the author group for the present paper are
GBD study collaborators. To identify Canadian trends in risk
factors for the present paper, we conducted an analysis of
GBD country-level Canadian data from 1990 (the first year of
the GBD study) to 2016 (the most recent year).

Data sources

Canadian estimates for the present paper were synthesized
from over 600 data sources, of which 141 were used for the
risk factors assessment (ghdx.healthdata.org/gbd-2016/
data-input-sources).

Measurement of burden

Three well-established metrics summarize health loss:!'>!* (a)
summation of premature death and disability (disability-
adjusted life years [DALYs]), (b) death (total deaths) and (c)
disability (years lived with disability'*-*"). One DALY is equiv-
alent to 1 year of healthy life (free of disease, injury or disabil-
ity) lost.!? Because DALYs quantify both mortality and mor-
bidity, total DALYs are considered to represent the burden
of diseases and injuries for a country, indicating the gap
between the country’s current health status and an ideal
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health situation in which the country’s entire population lives
to an advanced age, free of disease and disability.’

Selection of risk factors

In the GBD study, a risk is an attribute, behaviour, exposure
or other factor causally associated with an increased probabil-
ity of developing a disease or experiencing an injury. A total of
481 risk—outcome pairs were identified as meeting the evi-
dence grading criteria of being biologically plausible and
showing consistent associations between exposure and disease,
with little or no evidence to the contrary." Our comparative
risk assessment conceptual framework employs a causal web in
which the risks that are responsible for the health outcomes
are organized into 4 hierarchical, mutually exclusive and col-
lectively exhaustive levels.!®?? Level 1 includes 3 categories of
risk factors (behavioural, environmental and occupational, and
metabolic) that distribute into 17 level 2 risk factors as either
single risks or risk clusters (Appendix 1, Supplementary
Table 1, available at www.cmajopen.ca/content/7/1/E140/
suppl/DC1). While not within the scope of this paper, levels 3
and 4 have 50 and 67 risk factors, respectively.

Attributable burden estimation and statistical analysis
The calculation of attributable burden for a risk factor has 7
steps and 4 components (Figure 1): exposure levels for the
risk, the relative risk of a health outcome related to the risk
exposure, a counterfactual (optimal) level of risk factor expo-
sure, and the burden metric (DALYs, number of deaths or
years lived with disability).!” The theoretical minimum risk
exposure level for a risk factor represents the optimal expo-
sure level that minimizes risk for everyone in the population.
These input data are used to estimate the population attrib-
utable fraction, which is the proportion of the disease burden
that could have been prevented if the risk factor was at the
theoretical minimum risk exposure level. The population
attributable fraction is then multiplied by the disease-specific
burden metric to obtain attributable disease burden for each
risk—outcome pair for each time point, accompanied by 95%
uncertainty intervals (UI) that incorporate both sampling
error and model estimation error. Risk factors were ranked
from high to low on the rate (per 100 000) of DALYs, deaths
and years lived with disability they contributed to for each
time point. To explain the drivers of our observed trends in
Canada’s risk-attributable disease and injury burden, we con-
ducted a decomposition analysis using methods" based on
those of Das Gupta®® to examine the percentage change in
Canada’s risk-attributable DALYs over time resulting from
(a) population growth, (2) population aging, (c) risk-deleted
mortality rates (the expected mortality that would be
observed if all risk factors included in GBD 2016" were
removed) and (d) exposure to all risk factors included in
GBD 2016.

Ethics approval

Ethics approval was not sought because the GBD study is an
analysis of multiple previous data sources for which ethics
approvals were maintained individually.
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Figure 1: Simplified analytical flowchart outlining the 7 steps of the comparative risk assessment for the estimation of population attributable
fractions by geography, age, sex and year. Note: DALYs = disability-adjusted life years, PAFs = population attributable fractions, TMREL =
theoretical minimum risk exposure level, YLDs = years lived with disability, YLLs = years of life lost.

In analyzing level 0 risk factor (all-age and all-cause) GBD
study data, we estimated that 39.6% (36.9% to 42.3%) of
DALYs, 56.0% (53.6% to 58.2%) of deaths and 24.2%
(22.7% to 25.8%) of years lived with disability in Canada in
2016 could be attributed to the assessed risk factors.

Top 10 risk factors for attributable DALYs

In 2016, the 10 leading risk factors contributing to all-cause
DALYs in Canada (reported as % of total DALYs [95% UI])
were tobacco (10.6% [9.4 to 11.9]), dietary risks (9.4% [7.7% to
11.2%])), high body mass index (BMI) (9.0% [6.2% to 11.8%]),
high fasting plasma glucose (7.3% [5.8% to 9.2%]), high sys-
tolic blood pressure (7.1% [6.0% to 8.2%]), alcohol and drug
use (6.9% [5.8% to 8.1%]), occupational risks (4.8% [4.4% to
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5.3%]), high total cholesterol (3.7% [2.9% to 4.6%]), impaired
kidney function (2.1% [1.9% to 2.3%]) and air pollution (1.3%
[1.0% to 1.7%]), mainly through their impact on cancer and
cardiovascular disease (Figure 2, Appendix 1, Supplementary
Table 2). The leading risk factors for DALYs were similar for
men and women, except for alcohol and drug use (ranked
higher for men) and high systolic blood pressure (ranked higher
for women) (Appendix 1, Supplementary Figure 1). Stratifica-
tion by age group also revealed differences in risk factor attribu-
tion (Appendix 1, Supplementary Figures 7 and 8).

Top 5 risk factors for attributable deaths and years
lived with disability

In terms of total deaths in 2016, the 5 leading all-cause, all-
age attributable risk factors (reported as % of total deaths
[95% Ul]) were dietary risks (17.6% [14.7% to 20.5%]),



tobacco (17.5% [16.6% to 18.5%]), high systolic blood pres-
sure (14.7% [12.3% to 17.2%]), high fasting plasma glucose
(11.2% [7.9% to 15.3%]) and high BMI (10.8% [6.9% to
15.0%]) (Figure 2B, Appendix 1, Supplementary Table 2).
High BMI was the top risk factor contributing to years lived
with disability in Canada (7.3% [5.1% to 9.4%]), followed by
high fasting plasma glucose (5.5% [4.8% to 6.3%]) and alco-
hol and drug use (5.4% [4.5% to 6.5%]) (Figure 2C). Cancer
and heart disease were the causes through which risk factors
imparted most of their impact on total deaths, while diabetes
and musculoskeletal disorders were the top causes through
which risk factors influenced years lived with disability.

Trends from 1990 to 2016 for DALYs, deaths and
years lived with disability

Since 1990, exposure to tobacco has continued to be the
leading risk factor for all-cause DALYs even though declines
in the tobacco-attributable all-age DALY rate (-25.7%
[95% UI -30.1% to —21.1%]) and the tobacco-attributable
age-standardized DALY rate (-47.4% [-50.5% to —44.1%)]
were observed over the last 27 years (Figure 3A). High BMI
and high fasting plasma glucose have both increased in rank-
ing to become the third and fourth leading risk factors. Alco-
hol and drug use attributable all-age and age-standardized
DALY rates have increased by 13.3% (0.0% to 30.4%) and
8.5% (-5.4% to 26.4%) since 1990. The all-age attributable
DALY rate has decreased for high systolic blood pressure
(-34.4% [-38.6% to —30.0%]) and high cholesterol (44.5%
[-48.8% to —39.8%]) since 1990, leading to improvements in
their respective rankings.

Among the leading risk factors contributing to all-cause
total deaths, the risk factor contributing to a substantial
increase in the death rate from 1990 to 2016 was high BMI,
which increased by 22.3% (4.2% to 54.8%) (Figure 3B). Alco-
hol and drug use ranked ninth as an attributable risk for
deaths, but its contribution to the all-age and age-standardized
death rates has risen by 66.4% (13.6% to 251.1%) and 36.4%
(-7.8% to 202.2%), respectively, since 1990. The risk factors
contributing to all-cause years lived with disability have
changed from 1990, with high BMI and high fasting plasma
glucose becoming the top 2 risk factors, reflecting a 61.0%
(46.0% to 85.8%) and 40.2% (26.5% to 55.3%) increase in
the all-age attributable years lived with disability rates associ-
ated with these risk factors (Figure 3C).

Drivers of observed trends in risk-attributable DALYs
Our decomposition analysis separated the relative contribu-
tions of risk factors from those of population growth, aging
and risk-deleted mortality rate, revealing that communicable
and noncommunicable diseases attributable to risk factor
exposure are declining in Canada, while the percentage of
injuries resulting from risk factor exposure is increasing (Fig-
ure 4). For all ages combined, exposure to risk factors is
accountable for a decreasing percentage of health burden in
Canada. However, stratification by age group reveals that
exposure to risk factors accounts for an increasing percentage

of health burden in Canadians aged 5-9 and 20-39 years.
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Of the risk factors included in our GBD study estimates, the
top 2 level 2 risk factors related to health burden (premature
death and disability combined) in Canada are tobacco and
diet, mainly through their impact on cancer and cardiovascu-
lar disease. This ranking has remained relatively unchanged
since 1990, despite substantial declines in burden owing to
diet and tobacco. High systolic blood pressure and high total
cholesterol have decreased in ranking, but they remain impor-
tant risk factors. The contribution of alcohol and drug use,
high BMI and high fasting plasma glucose to the burden of
diseases and injuries increased from 1990 to 2016. The 2 lead-
ing risk factors for disability were high BMI and high fasting
plasma glucose (through endocrine and musculoskeletal disor-
ders) and the 2 leading risk factors for mortality were diet and
tobacco (through cancer and cardiovascular disease).

Although tobacco exposure is still a leading risk factor, its
contribution to DALYs was much lower in Canadians
younger than 49 years than in older Canadians and it declined
considerably over the study period, which is consistent with
the long latency period of lung cancer and other tobacco-
related diseases, historical patterns of tobacco use and Cana-
dian smoking cessation programs.’*?¢ Dietary risk has
remained the second largest contributor to health burden in
Canada over the last quarter century, probably because of the
involvement of multiple aspects of nutrition (changes in the
amount and sources of calories, the accessibility of foods and
the intake of different nutrients) in the pathophysiology of
many diseases and multiple intermediary risk factors including
high BMI and high fasting plasma glucose.!*!”

Few previous studies have undertaken the task of identify-
ing the top attributable risk factors for disease burden in Can-
ada, and those that did focused on mortality as an outcome.
The results of the present study are comparable with a study
that used the Mortality Population Risk Tool (MPoRT); the
authors reported that 50% of deaths in Canada could be
attributed to the 4 behavioural risk factors they assessed
(smoking, unhealthy alcohol consumption, physical inactivity
and poor diet).! Similar to our results, smoking was the leading
behaviour contributing to deaths for men, despite a continuing
decrease in Canadian smoking rates.! Steensma and colleagues
also demonstrated significant health loss in the Canadian pop-
ulation associated with high BMI.?” A 2006 analysis reported
that alcohol is a major contributor to mortality in Canada,?® as
we also observed in the present study, and as was reported in a
previous (2005) GBD analysis of the premature mortality
attributable to alcohol consumption in Canada.” Internation-
ally, recent analyses of US* and UK” GBD data have reported
similar results to ours, with tobacco and diet as the 2 leading
risk factors contributing to health burden.

Limitations

The present analysis used Canadian data from numerous
sources across the country; however, important sources of
data may not yet be included in the GBD study. With cur-
rent GBD Canada estimates we are unable to explain why
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Figure 2: Burden of disease attributable to leading risk factors for all Canadians in 2016 expressed as a percentage of (A) disability-adjusted life
years (DALYs), (B) deaths and C) years lived with disability (YLDs). One DALY is equivalent to 1 year of healthy life (free of disease, injury or
disability) that has been lost. The negative percentage for alcohol is the protective effect of mild alcohol use on risk of cardiometabolic disease.
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Figure 3: (A) Rank changes in disability-adjusted life years (DALYSs) attributable to leading risk factors and percentage change in all-age
and age-standardized DALY rates in Canada from 1990 to 2016; 1 DALY is equivalent to 1 year of healthy life (free of disease, injury or
disability) that has been lost. (B) Rank changes in total deaths attributable to leading risk factors and percentage change in all-age and
age-standardized death rates in Canada between 1990 and 2016. (C) Rank changes in years lived with disability (YLDs) attributable to
leading risk factors and percentage change in all-age and age-standardized years lived with disability rates in Canada between 1990

and 2016.

risk factors rose or fell in their rankings or to stratify by
province/territory. A major limitation is that we could not
incorporate data on the social determinants of health (e.g.,
housing, income, ethnicity, education) that strongly influence
risk factors,*’! differ vastly by community*>** and are crucial
to individual and population health.***¢ There may also be
other risk factors that are important but not included in the

GBD, including psychosocial factors such as social isola-
tion.’”*% Some diseases, such as depression and migraines,
have a high burden and prevalence but little to no risk factor
attributions in the present analysis. Additionally, estimates of
the GBD study have not been validated against a similar
study because no initiative of the same scope exists for com-
parison. The closest other study would be individual World
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E146  CMAJ OPEN, 7(1)



Health Organization (WHO) efforts, but the WHO now
draws in part on the GBD methodology when producing its
global health estimates.’” However, modelled GBD study
estimates are reviewed by international collaborators, and
estimates that are inconsistent with observed data or not
aligned with expected results are further examined.

Conclusion

Our study, with its synthesis of multiple countrywide data
sources, provides a comprehensive Canadian analysis of both
disability and premature death on the same scale in relation to
risk factors and delivers an unprecedented assessment and rank-
ing of the risk factors attributable to health loss in Canada over
time. Modifiable metabolic and behavioural risk factors such as
tobacco and diet have remained the leading risk factors in Can-
ada for the last 27 years, findings that show opportunities for
reducing Canada’s health burden. These findings persist
despite some substantial declines in risk factor exposure, show-
ing that risk factors can influence the population for a substan-
tal length of time and that decreasing health burden for Cana-
dians requires a long-term commitment to risk reduction.
Future analyses are warranted that focus on specific risk factors,
detailing their complexities. This paper is part of an ongoing
assessment of the burden of disease attributable to risk factors
in Canada, with each iteration benefitting from newly collected
data. GBD estimates provide unique insight into the relative
magnitude of the contribution of many important risk factors
to health loss and can guide decision-makers, clinicians and sci-
entists as they identify priorities and targets for reducing the
burden of premature death and disability in Canada.
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