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Article

Introduction

When assessing the health of populations, gender matters 
(Salzman & Wender, 2006). Yet the historical approach to 
men’s health has tended to focus primarily on issues of 
the prostate and sexual function (Sadovsky & Levine, 
2005). The world’s first Congress on Men’s Health was 
held in 2001 and focused on broader issues such as men’s 
shorter life expectancies and gender differences in access-
ing health information and seeking medical advice 
(Baker, 2001).

In Canada, male life expectancy is 79 years, com-
pared with 83 years for females (Statistics Canada, 
2012). The cause of death also varies substantially 
between males and females (Statistics Canada, 2015). 
For example, the age-standardized mortality rate for 
malignant neoplasms (ICD10 C00-C97) in Canadian 
males is 184 per 100,000 compared with 133 per 
100,000 for Canadian females. Likewise, the mortality 
rate for major cardiovascular diseases (ICD10 I00-I78) 

is 159 per 100,000 for males compared with 97 per 
100,000 for females (Statistics Canada, 2015). There is 
also evidence that the economic burden attributable to 
tobacco smoking, excess weight, and physical inactiv-
ity is higher in Canadian males than females (Krueger, 
Krueger, & Koot, 2015).

The Canadian Men’s Health Foundation (2015b) is a 
national, nonprofit organization founded in June of 2014. 
The goal of the foundation is

to raise social awareness of largely preventable health 
problems and to enable men, and their families to value 
men’s health by providing them with information and healthy 
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lifestyle programs that will motivate them to truly hear, 
absorb and act on it. (Goldenberg, 2014)

The Canadian Men’s Health Foundation’s (2015a) Don’t 
Change Much campaign is an innovative health promotion 
campaign and website created specifically to encourage men 
to make small changes toward healthier habits, including 
increasing physical activity, reducing excess weight, limit-
ing alcohol consumption, and quitting tobacco smoking.

The purpose of this study is to assess four important 
modifiable risk factors (RFs): physical inactivity, excess 
weight, alcohol use, and tobacco smoking in Canadian 
men between the ages of 30 and 64 years. In particular, 
the following questions were investigated: (a) How does 
the prevalence and economic burden attributable to these 
RFs differ by sex in Canada? (b) What would the poten-
tial cost avoidance be if the prevalence of these RFs in 
Canadian men were reduced by a relative 1% per year 
between 2013 and 2036?

Method

The details of the base model, together with an update, have 
been previously published (Krueger et al., 2015; Krueger, 
Turner, Krueger, & Ready, 2014; Krueger, Williams, Ready, 
Trenaman, & Turner, 2013). In short, an approach based on 
population attributable fraction (PAF) was used to estimate 
the economic burden associated with the four RFs. This 
involved the following steps: (a) estimation of the RF prev-
alence; (b) estimation of the causal relationship between the 
RF and comorbidities; (c) calculation of the PAF for all 
ages in the population; (d) estimation of the direct costs of 
treating the comorbidities associated with the RFs; (e) 
adjustment of the direct costs for overlapping RFs in a 
given individual; (f) estimation of indirect costs; (g) alloca-
tion of costs to the population aged 30 to 64 years; and (h) 
modelling of the potential cost avoidance associated with a 
modest 1% annual relative reduction (ARR) in the preva-
lence of the RFs between 2013 and 2036.

Prevalence of the Risk Factors

Prevalence rates for tobacco smoking, excess weight, 
physical inactivity, and alcohol use were drawn from the 
2011/2012 Canadian Community Health Survey (CCHS; 
Statistics Canada, 2013). Individuals were considered 
overweight if their body mass index (BMI) was between 
25 kg/m2 and 29.9 kg/m2 and obese if their BMI was equal 
to or greater than 30 kg/m2, calculated based on self-
reported height and weight. Tobacco smokers were 
grouped as light (<10 cigarettes per day), moderate (10-19 
cigarettes per day), and heavy (≥20 cigarettes per day) 
smokers based on the average number of cigarettes 
smoked per day. All current smokers who identified them-
selves as occasional smokers were included in the light 

smoking category. Physical inactivity rates were based on 
people categorized as “inactive” (leisure time energy 
expenditure of less than 1.5 kcal/kg/day) in the CCHS.

The prevalence of both chronic and binge alcohol 
use was estimated based on CCHS data adjusted for 
underreporting. Research has identified that it is com-
mon for alcohol use to be underreported, as individuals 
either report fewer drinks than are actually consumed 
or are unaware of the amount of alcohol present in their 
drinks (Kerr & Stockwell, 2012). Males were catego-
rized as abstainer or very light (0-0.24 g/day), Category 
I—low (0.25-39.9 g/day), Category II—hazardous 
(40.0-59.9 g/day), and Category III—harmful (≥60.0 g/
day). Females were categorized as abstainer or very 
light (0-0.24 g/day), Category I—low (0.25-19.9 g/
day), Category II—hazardous (20.0-39.9 g/day), and 
Category III—harmful (≥40.0 g/day; Taylor et al., 
2007). A female binge drinker was defined as a female 
who consumes at least four drinks (containing 13.6 g of 
ethanol) on one occasion at least once per month during 
the past 12 months. A male binge drinker was defined 
as a male who consumes at least five drinks on one 
occasion at least once per month during the past 12 
months.

Estimating Relative Risks

The sources and values for the relative risks associated 
with excess weight (Pirie et al., 2013), tobacco smoking 
(Guh et al., 2009), and physical inactivity (Katzmarzyk & 
Janssen, 2004) remain the same as in the previously pub-
lished model (Krueger et al., 2015). Relative risk values 
associated with alcohol use were assembled from a collec-
tion of studies that together describe the relative risk of all 
major comorbidities associated with both chronic and 
acute alcohol use (Bagnardi, Blangiardo, La Vecchia, & 
Corrao, 2001; Bagnardi et al., 2013; Baliunas et al., 2009; 
Fedirko et al., 2011; Islami et al., 2011; Lönnroth, Williams, 
Stadlin, Jaramillo, & Dye, 2008; Patra et al., 2010; Patra 
et al., 2011; Roerecke & Rehm, 2012; Samokhvalov, 
Irving, Mohapatra, & Rehm, 2010; Samokhvalov, Irving, 
& Rehm, 2010a, 2010b; Taylor et al., 2009; Taylor et al., 
2010; Tramacere et al., 2010).

Calculating the Population Attributable 
Fraction

Sex-, RF-, and disease-specific PAFs were calculated for 
all ages combined in the population using the extension 
of Levin’s formula (Levin, 1953):

PAF
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where i denotes a given exposure level, pi is the preva-
lence of that exposure level in the population, and RRi is 
the relative risk of a given disease for the given expo-
sure level. Physical inactivity was regarded as a dichot-
omous exposure (no physical inactivity and physical 
inactivity), excess weight was regarded as a trichoto-
mous exposure (no excess weight, overweight, and obe-
sity), and tobacco smoking and alcohol use were 
regarded as tetrachotomous exposures (no smoking, 
light smoking, moderate smoking, and heavy smoking; 
abstaining, low alcohol use, hazardous alcohol use, and 
harmful alcohol use).

Estimating Costs

The economic burden (direct and indirect costs) associ-
ated with the RFs was estimated using a prevalence-based 
cost-of-illness approach. The cost estimates are expressed 
in 2013 Canadian dollars.

Direct Cost. Direct costs, including hospital care, physi-
cian services, other health care professionals (excluding 
dental services), drugs, health research, and “other” 
health care expenditures, were extracted from the 
National Health Expenditure Database (Canadian Insti-
tute for Health Information, 2013). Hospital care, physi-
cian care, and drug costs were allocated to each 
comorbidity, stratified by sex, based on 2008 data from 
the Economic Burden of Illness in Canada (EBIC) online 
tool (Public Health Agency of Canada, 2014).

EBIC 2008 does not allocate costs for other health 
care professionals (excluding dental services), health 
research, or “other” health care expenditures. These were 
estimated by allocating costs according to the same pro-
portional distribution as hospital, physician, and drug 
costs.

These direct care costs were multiplied by the calcu-
lated RF-, sex-, and comorbidity-specific PAFs to calcu-
late the direct care costs attributable to a given RF.

Adjusting Direct Costs in a Multifactorial System. To adjust 
for double counting, the combined PAF in a multifacto-
rial system was calculated using the following formula 
(Krueger et al., 2013):

Combined PAF = 1  1 PAF  1 PAF 1 PAF 1 PAFTS EW PIA AU− − − − −( ) ( )( )( ) 

where PAFTS is the crude PAF of cost for tobacco smok-
ing, PAFEW is the crude PAF of cost for excess weight, 
PAFPIA is the crude PAF of cost for physical inactivity, 
and PAFAU is the crude PAF of cost for alcohol use.

A disaggregation step was applied at the end of the 
direct costing process to assign an economic burden to 
each RF. This was achieved by dividing the crude cost for 

each RF by the sum of costs for all the RFs (i.e., the crude 
total cost for the combined system), thereby generating a 
ratio which was applied to the adjusted total cost.

Estimating Indirect Costs. Indirect costs were calculated 
following the method used in EBIC 1998 (a modified 
human-capital approach; Health Canada, 2002). The ratio 
of direct to indirect costs was determined for each diag-
nostic category within EBIC 1998, stratified by short-
term disability, long-term disability, and premature 
mortality. Each ratio was applied to the previously identi-
fied direct costs within each diagnostic category attribut-
able to individual RFs in order to generate the equivalent 
indirect cost data.

Distributing Costs Among Age Groups. Costs for individuals 
aged 30 to 64 years were calculated by distributing costs 
among age groups, proportional to the number of indi-
viduals in the population with each RF exposure level.

Modelling Cost Avoidance

A number of assumptions were made in modelling the 
economic benefits associated with future RF reduction 
(Krueger et al., 2014). First, population projections for 
the 24-year time frame from 2013 to 2036 by sex and 
5-year age group were based on projections by 
Statistics Canada (2010). Second, the base model uses 
a 1% relative annual reduction in the RFs. Current 
trends of decreasing smoking prevalence and increas-
ing weight and inactivity are not factored into the 
model. Third, constant 2013 dollars are used through-
out the modelling process (i.e., no adjustments are 
made for projected inflation) to clearly identify 
changes in the economic burden associated with chang-
ing RF prevalence, rather than confusing these results 
with inflationary increases. Fourth, obese individuals 
who experience a reduction in excess weight move into 
the overweight category instead of immediately 
becoming a healthy weight. Last, the benefits associ-
ated with physical activity and healthy weights accrue 
within 1 year; however, the benefits of smoking cessa-
tion and reduced alcohol consumption accrue over 
time (Heckley, Jarl, Asamoah, & Ulf, 2011; Jarl & 
Gerdtham, 2012; Jarl, Gerdtham, Ludbrook, & Petrie, 
2010; Kenfield, Stampfer, Rosner, & Colditz, 2008; 
Kiadaliri, Jarl, Gavriilidis, & Gerdtham, 2013).

Sensitivity Analysis

The point estimates for RR are used in the base model 
and a sensitivity analysis was performed using the lower 
and upper bounds of the 95% confidence interval (CI) for 
each RR value. The base model also assumes that there  
is no protective effect of low, chronic consumption of 
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alcohol. This assumption was tested in the sensitivity 
analysis.

Results

A higher proportion of Canadian males aged 30 to 64 
years smoke tobacco compared with females, with a 
major difference being the proportion of heavy smokers 
(10.1% of males vs. 4.6% of females, see Table 1). A 
higher proportion of males also use alcohol at every level 
of consumption, particularly at levels that are considered 
to be hazardous or harmful (14.6% of males vs. 8.2% of 
females), and of those who use alcohol, a higher propor-
tion of males are binge drinkers (41.8% of males vs. 
30.8% of females). A higher proportion of males also 
have excess weight (65.6% of males vs. 47.1% of 
females); however, there are a higher proportion of 
females than males with a BMI ≥40 (1.5% of males vs. 
2.8% of females).

The total economic burden attributable to the four RFs 
in Canadian males aged 30 to 64 years is estimated at 
$22.8 (95% CI [$19.5, $25.9]) billion in 2013 (Table 2). 
This is $6.1 billion (27%) more than females in the same 
age group ($16.7 billion, 95% CI [$13.8, $19.6]).

In estimating the cost avoidance, a 1% ARR was 
modelled each year through to 2036 (1% scenario). With 
no change in the prevalence of the RFs, the annual 

economic burden would increase from $22.8 billion in 
2013 to $26.9 billion in 2036, due to projected popula-
tion growth. Applying the 1% scenario would reduce the 
projected annual economic burden in 2036 from $26.9 
to $22.4 billion (Figure 1). The cumulative cost avoid-
ance between 2013 and 2036 would total $50.7 billion. 
Of this cumulative cost avoidance, approximately 33% 
($16.6 billion) would be attributable to direct costs and 
67% ($34.1 billion) to indirect costs. The highest pro-
portion (34% or $17.0 billion) of the cumulative cost 
avoidance would be due to a reduction in excess weight, 
with 31% ($15.6 billion) due to a reduction in tobacco 
smoking, 22% ($11.0 billion) due to a reduction in alco-
hol use and 14% ($7.0 billion) due to a reduction in 
physical inactivity.

Discussion

There are a number of key differences between middle-
aged males and females in terms of tobacco smoking, 
excess weight, physical inactivity, and alcohol use in 
Canada, and these differences likely have an important 
effect on the health and economic burden in the popula-
tion. Modelling a 1% relative annual risk reduction in 
middle-aged Canadian men suggests that there is the 
potential to reduce the projected annual economic burden 
in 2036 from $26.9 billion to $22.4 billion (17%), with a 

Table 1. Prevalence of Tobacco Smoking, Excess Weight, Physical Inactivity, and Alcohol Use in Canada for Males and Females 
Ages 30 to 64, 2013.

Females (%) Males (%)
Absolute 

difference (%) % Difference pa

Tobacco smoking
 Light 8.6 8.4 −0.3 −3.2 .886
 Moderate 7.0 8.0 1.0 14.5 .144
 Heavy 4.6 10.1 5.5 121.5 .002
 Subtotal: Tobacco smoking 20.2 26.4 6.3 31.2 .006
Excess weight
 Overweight 27.0 44.3 17.2 63.8 <.001
 Obese Class I (BMI of 30-34.9) 12.8 16.0 3.1 24.4 .025
 Obese Class II (BMI of 35-39.9) 4.5 3.9 −0.6 −12.6 .217
 Obese Class III (BMI ≥ 40) 2.8 1.5 −1.3 −47.1 .003
 Subtotal: Obesity 20.1 21.4 1.3 6.3 .455
 Subtotal: Excess weight 47.1 65.6 18.5 39.3 <.001
Physical inactivity 49.4 48.4 −1.1 −2.2 .378
Alcohol use
 Category I: Low 53.2 61.0 7.8 14.7 <.001
 Category II: Hazardous 5.6 7.6 2.0 35.7 <.001
 Category III: Harmful 2.6 7.0 4.4 170.1 <.001
 Subtotal: Alcohol use 61.4 75.6 14.3 23.2 <.001
 Percentage of drinkers who binge 30.8 41.8 11.0 35.7 .010

Note. BMI = body mass index.
aTwo-tailed t test, α=0.05.
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cumulative cost avoidance of $50.7 billion between 2013 
and 2036.

Can this reduction reasonably be achieved? Between 
2000 and 2013, the prevalence of tobacco smoking in 
Canadian men aged 30 to 64 years declined from 30.9% to 
26.4%, an ARR of 1.2%. More important, the prevalence 
of heavy smoking declined by an ARR of 3.0%. The prev-
alence of physical inactivity has also declined from 55.4% 
in 2000 to 48.4% in 2013 (ARR of 1.0%). Unlike tobacco 
smoking and physical inactivity, however, the prevalence 
of obesity in Canadian males has increased from 17.7% in 
2000 to 21.3% in 2013, an annual relative increase of 
1.4%. The annual relative increase is 1.1% for those with 
a BMI of 30.0 to 34.9, 2.0% for a BMI of 35.0 to 39.9, and 
4.5% for a BMI ≥40.0.

Trends in the prevalence of harmful or hazardous lev-
els of alcohol consumption are more complicated than 
trends in the other three RFs. Between 2000 and 2008, the 
prevalence of harmful or hazardous levels of alcohol con-
sumption increased from 12.5% to 15.9% (an annual rela-
tive increase of 3.1%) and then declined to 14.6% in 2009 
and has remained relatively stable since then. The drop in 
prevalence coincides with the global recession in 
2008/2009.

Recent trends in the prevalence of tobacco smoking and 
physical inactivity in middle-aged Canadian men have 
been positive and would simply need to continue to achieve 
the longer term results indicated in the 1% scenario. The 
negative trends in obesity, however, would need to be 
stopped and then reversed to be able to achieve results in 
the 1% scenario. The high relative annual increase in the 

prevalence of harmful or hazardous levels of alcohol con-
sumption between 2000 and 2008 (3.1%) seems to have 
been reversed between 2009 and 2013. It is not clear why 
the observed reduction in 2009 occurred, followed by sta-
bility in prevalence between 2009 and 2013; however, it is 
possible that changes in the overall economy and a subse-
quent decrease in earning potential resulted in less dispos-
able income for the purchase of alcoholic beverages. 
Nevertheless, the current trend would not only need to be 
maintained but would need to decline to achieve results in 
the 1% scenario.

In recent years, a debate has persisted over the evi-
dence in favor and against the benefits of modest non-
binge alcohol use. Current evidence suggests that the 
observed protective effect may be exaggerated due to a 
number of methodological flaws in devising this associa-
tion (Bergmann et al., 2013; Holmes et al., 2014; 
Stockwell, Greer, Fillmore, Chikritzhs, & Zeisser, 2012). 
As a result, the assumption in the base model is that there 
is neither increased nor decreased risk of those diseases 
for which some evidence suggests a protective effect. If 
the putative decreased risks in type 2 diabetes mellitus, 
ischemic heart disease, and ischemic stroke are included 
in the model, then the economic burden attributable to 
alcohol use in middle-aged Canadian males decreases 
from $4.6 billion to $4.0 billion (−12.7%) in 2013. Also 
note that the alcohol-attributable economic burden based 
on the model does not include increased costs associated 
with law enforcement or fire/traffic accident damage 
(Canadian Centre on Substance Abuse, 2006; Public 
Health Agency of Canada, 2016).
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There are a number of limitations with this study. First, 
most studies categorize individuals with a BMI between 25 
kg/m2 and 29.9 kg/m2 as overweight. This is also the 
approach taken in the current study. This range, especially 
the lower end, however, has been historically dynamic and 
some research has suggested that a more appropriate lower 
boundary with respect to negative health effects might be 27 
kg/m2 (Hu et al., 2004). Second, the method of scaling up 
from direct to indirect costs depends on the assumption that 
the ratios of costs have not changed over time. Third, the 
source for the RRs associated with smoking and physical 
inactivity adjust for known confounding factors in generat-
ing disease-specific RRs. The meta-analyses for the RRs 
associated with overweight and obesity, however, did not 
include physical inactivity as a potentially confounding RF 
which may lead to an overestimate of the economic burden 
attributable to excess weight. On the other hand, RRs calcu-
lated in this meta-analysis are based on a combination of 
studies including both self-reported and objective measures 
of BMI while the model uses the prevalence of excess 
weight based on self-reported height and weight, which may 
lead to an underestimate of the economic burden attributable 
to excess weight. Fourth, calculating the prevalence of alco-
hol use by sex, age, and consumption category is particularly 
challenging, given current data availability and issues of 
underreporting. Despite the best efforts to adjust for under-
reporting, the actual prevalence of alcohol use may vary 
from the current estimates. Fifth, the inclusion of indirect 
costs in any economic analysis is controversial, given that a 
variety of approaches exist, all of which generate very dif-
ferent results. This study uses a modified human capital 
approach as this approach places an economic value on time 
lost due to disability and premature mortality.

Conclusion

There are a number of key differences between middle-
aged males and females in terms of tobacco smoking, 
excess weight, physical inactivity, and alcohol use in 
Canada, and these differences likely have an important 
effect on the health and economic burden in the popula-
tion. A modest annual reduction in the RFs can have an 
important public health impact over time.
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