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A CASE FOR THE PREVENTION OF CHRONIC DISEASE

SECTION 1:
Burden of Illness
Leading causes of death in Canada
The Centers for Disease Control (CDC) defines chronic disease broadly as “Illnesses that are
prolonged, do not resolve spontaneously and are rarely cured completely” 1. Chronic diseases are
the leading causes of death in Canada (Figure 1). In 1997, there were a total of 215,669 deaths in
Canada, with more than 75% of the deaths attributable to one of the following five chronic
diseases: cancer, cardiovascular disease, diabetes, kidney disease, and respiratory diseases2.
Unintentional injuries accounted for 4% of total deaths, and deaths attributed to other reasons
were equivalent to 24.2% (52,134) of the total deaths.

Figure 1. Leading Causes of Death, number & percentage of
deaths, Canada, 1997
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Cardiovascular disease (CVD) is the greatest single cause of death, disability, and illness in
Canada and has accounted for 78,235 deaths, or 36.2% of all deaths2. The break-down of the
cardiovascular disease (CVD) category for both sexes combined for all ages for 1997 shows
acute myocardial infarction (AMI) and ischemic heart disease (IHD) accounted for 54.7% of all
deaths attributed to CVD, followed by 20.2% for cerebrovascular diseases, heart failure (5.7%),
and aortic aneurysm (2.7%)2.

Cancer-related deaths were 27.2% of the total deaths in Canada in 1997. Over 60% of the
58,703 cancer deaths were due to the following cancers: lung (26%), colorectal (10%), breast
(8%), prostate (6%), pancreas (5%) and urinary tract (5%)3. Non-lung cancer-related respiratory
diseases accounted for 8.2% of the total deaths in 1997. Of these, more than half (4.5%) were
related to chronic obstructive pulmonary disease (COPD). The other respiratory-related deaths
4

were due to pneumonia, influenza and allied conditions .
5

Diabetes accounted for 2.6% of the total deaths in 1997 . Genito-urinary diseases accounted for
6

1.2% of the deaths .

Incidence and Prevalence of Chronic Diseases
Incidence and prevalence rates for cardiovascular disease, diabetes and respiratory diseases come
from national hospitalization reports and the National Population Health Survey (NPHS).
Caution must be exercised when looking at NPHS data, as they are based on self-reported
information. There are limitations also to information from national hospitalization reports, as
the data reflect the number of episodes, (event-based), rather than the number of patients
7

(person-based) .

Cardiovascular disease is the leading cause of death in the overall population, as well as in the 65
and older age group. Figure 2 shows that both actual and estimated hospitalizations for CVD for
both genders in Canada are expected to rise between 1971 (with 12% population aged 65 and
older) and 2016 (with predicted 16% population aged 65 years and older)8. Hospitalization rates
for cardiovascular diseases have been increasing since 1986, and are projected to increase further
over time, as the population ages9.

6

Figure 2

Nu m ber of h ospitalizations for cardiovascular dis e a se, actual
an d projected by sex, C anada, 1971 -2016*
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Cancer is one of the leading causes of death in Canada, and estimates indicate that one-third of
3

Canadians will be affected by the disease at least once in their lifetime. Statistics Canada data

show an increase in the number of new cases in the last decade with an increase in the aging
6

population, as half of all new cases of cancer occur after the age of sixty-five . Age-standardized
incidence rates have remained relatively stable.
3

The Canadian Cancer Statistics 2001 report shows that an estimated 134,100 new cases of
cancer and 65,300 deaths from cancer will occur in Canada in 2001. It is estimated that men will
outnumber women for both new cancer cases and deaths, by 4.8% for incidence and 12.7% for
mortality respectively. Three types of cancer account for at least half of the new cases in each
gender: prostate, lung and colorectal cancers in males; and breast, lung and colorectal cancers in
females.

The incidence of these gender-related cancers among women continues to rise.

Estimates for 2001 show breast cancer incidence at 19,500 new cases, lung cancer at 9,200 new
cases, and 7,400 new cases for colorectal cancer. The 2001 estimates for Canadian men indicate
that prostate cancer will continue as the leading form of cancer incidence, with an estimated
17,800 newly diagnosed prostate cases as compared with 12,100 lung cancer cases. Deaths from
lung cancer however, are predicted to exceed the deaths due to prostate cancer in men in 2001
3

(10,700 to 4,300 respectively) .

7
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The 2001 report “Respiratory Disease in Canada” used self-reported data from the 1998/99
National Population Health Survey to determine the prevalence of respiratory diseases other than
lung cancer. The data show a prevalence rate of 3.2% of the adult population aged 34 years and
above (men, 2.8% or 211,900; and women, 3.6% or 286,600) claiming a formal diagnosis of
chronic bronchitis or emphysema. These rates may be under-represented, since many people do
not recognize the early symptoms of the disease and hence do not seek treatment.
10

Based on the 1996/97 National Population Health Survey (NPHS) data,

it is estimated that

there will be 60,000 new cases of diagnosed diabetes every year in Canada, for an incidence rate
of 2.6 new cases per 1000 people aged 12 and older. Although Types 1 and 2 diabetes are not
differentiated in the NPHS results, it is recognized that up to 90% of new cases are Type 2
10

diabetes . Type 2 diabetes is one of the most rapidly increasing chronic diseases in the world.
The prevalence of diabetes was estimated to be 3.2% of the population (779,000 Canadians) aged
5

12 and over have a diagnosis of diabetes . Diabetes prevalence increases with age, with the
prevalence rate for people 65 years and older three times (10.4%) that of those aged 35-64 years
(3.2%). In relation to gender, the prevalence rate for men is significantly higher (3.5%) than for
5

women (2.9%), again due to the higher prevalence in the 35-64 and 65+ age groups .

The incidence and prevalence of end-stage renal disease (ESRD) have increased significantly in
Canada over the last two decades. ESRD has shown a 6.2% mean annual increase – an increase
from 49.5 new cases per 100,000 population in 1981 to an incidence rate of 111.2 per 100,000
11

population in 1996 .

Economic Burden of Chronic Diseases
The following information is based on a Summary Report of the Economic Burden of Illness in
12

Canada 1993, which reports that the total cost of illness in Canada for 1993 was $129.2 billion .
This amount included direct costs such as hospital, diagnostic, physician/other health
professionals and drug costs; and indirect costs being lost productivity due to short and long-term
disability and premature death.

8

Thirty-six percent of the total health care costs in 1993 were attributable to cardiovascular
disease, cancer, diabetes and respiratory diseases, for a total cost of $47 billion (Figure 3). The
1993 health care costs attributable to cardiovascular disease were 15.2% of the total, or $19.8
billion; and cancer costs were 10.1% ($13 billion). Respiratory diseases accounted for 9.4% of
the total costs ($12.1 billion); and diabetes accounted for 0.9% of the total ($1.1 billion).

The direct and indirect costs of cardiovascular diseases were $7.4 billion and $12.4 billion
respectively, for a total cost of $19.8 billion. Cancer costs were $3.2 billion for direct costs and
$9.8 billion for indirect costs, for a total cost of $13 billion. These two disease categories ranked
12

among the top four diagnoses that incurred the highest indirect costs . It is suggested that
90.1% of the indirect costs of cancer and 60.2% of the indirect costs for cardiovascular disease
12

were due to lost productivity through premature mortality .

Figure 3. Economic Burden of Illness, Percentage of
Total Cost (Direct & Indirect) by Category: Canada
1993
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Laboratory Centre for Disease Control, 1996

The direct costs of respiratory diseases in 1993 were $3.79 billion, and the indirect costs were

9

$8.39 billion. One third of both the direct costs ($1.33 billion) and indirect costs ($2.99 billion)
4

were spent on chronic bronchitis, emphysema and asthma .
13

The 1993 economic burden of diabetes was estimated at $1.1 billion annually . This amount
does not reflect the costs of complications of diabetes such as cardiovascular disease and renal
failure.

Some factors that contribute to rising health care costs include Canada’s aging population,
inflation, rising drug and treatment costs, and new technology. Over the next decade, such
spending is projected to grow by 58%, although the Canadian population is expected to increase
by only 8%. Average spending on health is projected to rise to over $5000 per capita in 2026/27,
14

as compared to $1759 per capita in 1999/00 . It is quite clear that the burden of chronic
diseases on Canadians is extensive, and will continue to be so as the population ages.

SECTION 2:
Chronic Disease: Behavioural Risk Factors
Chronic diseases are the result of a complex web of causation. While the “causes” of chronic
diseases are not totally known, research has identified an ever-increasing number of factors
15

statistically associated with the development of a disease . These include a range of personal,
social, economic and environmental factors that are important in their own right, but at the same
16

time are interrelated . It is believed that the removal of one or more of these factors will reduce
the incidence of chronic diseases.

This section will summarize the relationship between the risk behaviours of smoking, physical
inactivity and unhealthy eating, with their corollary physiological consequences of obesity,
hypertension, hypercholesterolemia and impaired glucose tolerance, and cardiovascular disease,
cancer and diabetes.

Figure 4 depicts the association between the risk behaviours and the respective chronic diseases.
The solid lines reflect a strong association, while the dotted lines show a weaker association.

10

What Figure 4 portrays is the commonality of the risk behaviours across the diseases, and in
some cases the interrelationships of the diseases themselves.

Figure 4. Socio-Behavioral Risk Factors for Chronic Diseases
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Smoking
Smoking is responsible for about 30% of all cancer deaths,

17

and accounts for about 85% of all

18

new lung cancer cases . Tobacco consumption is related causally to cancers of the lung, mouth,
larynx, esophagus, bladder, kidney and pancreas. Studies documenting these relationships go
back more than 40 years. The most convincing evidence comes from prospective follow-up
18

studies, such as the original British Doctors Study conducted by Doll et al , and an American
19

Cancer Society study of one million men and women . In addition to the above cancers, about
20

25% of colon cancer can be attributed to smoking for 30 or more years . Besides causing lung
cancer, smoking and the exposure to environmental tobacco smoke causes more than 80% of all
21

chronic obstructive pulmonary disease (COPD) .

11

22

Smokers’ risk of heart attack and stroke is more than twice that of nonsmokers . Smoking acts
with other risk factors to greatly increase the risk for cardiovascular disease; and influences
23

several factors that may increase insulin resistance and interfere with insulin action . Smoking
therefore may be associated with the development of Type 2 diabetes, although the evidence is
23

preliminary . Smoking is also related to the premature development of multiple complications
of diabetes, such as neuropathy and nephropathy. Data suggest that smoking is related to the
24

development of retinopathy in persons with diabetes, although the evidence is less conclusive .

There is sufficient evidence, based on studies in humans to show that environmental tobacco
smoke (ETS) is a human carcinogen, with a causal relationship between passive exposure to
25

tobacco smoke and lung cancer in non-smokers . Regular ETS exposure increases the risk of
26

27

heart attack

and stroke

in non-smokers. Results from epidemiological studies provide strong

evidence that exposure of children to second-hand smoke is associated with increased rates of
lower respiratory illness, and increased rates of middle ear effusion, asthma, and sudden infant
28

death syndrome .

Smokeless tobacco (chewing tobacco and snuff) is also listed as a human carcinogen, based on
similar evidence from studies in humans that indicate a causal relationship between smokeless
tobacco and oral cancer

29, 30

.

Physical Inactivity
Physical inactivity is a major risk factor for cardiovascular disease9. Physical inactivity increases
31

risk of heart attack and of death following a heart attack . It is associated with high blood
pressure

32, 33

34

36, 37

obesity

cancers

35

; abnormal plasma lipid profile (reduced HDL) ; decreased clotting time ;
38

; and Type 2 diabetes . Physical inactivity is also associated with breast and colon

39, 40

36

and osteoporosis .

12

Studies have shown that increasing regular physical activity is a preventive action for
31

33

cardiovascular disease , blood pressure

34

39, 40

and cholesterol control ; certain cancers

and

38

Type 2 diabetes . Health benefits for the elderly include improved physical functioning and
41

independent living, and greater longevity . Dr. Robert Butler M.D. a former Director for the
National Institute for Aging stated: “If exercise could be packaged into a pill, it would be the
single most widely prescribed and beneficial medicine in the nation.”

Obesity
Almost one-third of adult Canadians are at increased risk of disability, disease and premature
42

death because of being obese . The relationship between obesity and cancer is complex and not
yet clearly understood. Obesity in women is related to cancers of the gallbladder, breast, cervix,
endometrium, uterus and ovary. Women who are above 35% of their ideal body weight have a
55% higher chance of developing these cancers than do leaner women. In men, obesity is most
closely related to cancer of the colon and prostate. Men who are above 35% of their ideal body
43

weight have a 40% greater chance of developing these cancers than do leaner men .

Obesity is a risk factor for cardiovascular disease, both directly as a risk factor, and indirectly
44, 45

through its relationship to hypercholesterolemia and hypertension

.

The prevalence of

obesity, both generally and abdomen-specific (waist-hip ratio) increases with age, and is
accompanied by an increased prevalence of high blood pressure, elevated levels of low-density
46

lipoproteins (LDL cholesterol) and triglycerides, and Type 2 diabetes .

Although Type 2 diabetes has a genetic predisposition, three major modifiable risk factors:
23

smoking , obesity and physical inactivity are important because of their involvement in the
47

47

development of insulin resistance . Eriksson et al

note that the disease process leading to

Type 2 diabetes is probably in existence for a decade prior to diagnosis, because of the up to
50% loss in pancreatic beta cell capacity that is usually evident on first diagnosis. They suggest
that the “optimal (and probably the only effective) strategy to reduce the increased burden of
Type 2 diabetes is primary prevention”.

13

Unhealthy Eating
Although healthy weight is primarily related to healthy eating, the issue of nutrition by itself is a
significant factor for chronic disease prevention. Excessive saturated fat and salt intake increase
48

the risk for high blood pressure, which is a major factor in cardiovascular and renal diseases .
Hypercholesterolemia, dyslipidemia and elevated triglycerides factor in both heart disease and
stroke incidence: Prevention strategies include a reduced intake of total fat and salt, and an
48

increase in consumption of fibre .

The role of diet in cancer causation is complex and difficult to unravel, but ample evidence exists
to support the recommendations for healthy eating.

Reducing meat and animal fat intake,

increasing consumption of vegetables and fruits, and reducing alcohol intake has been shown to
49

reduce the risk of cancer overall and more specifically breast and colorectal cancers .

The 1996/97 National Population Health Survey data for Canada provide an interesting challenge
for prevention: 24% of all adults were smokers; 57% were physically inactive; and 48% were
14

either overweight or obese . Obesity among Canadian children and youth is increasing: The
data show that since 1981, for both genders, ages 7-13 years, body mass index increased almost
0.1 kg/m2 per year, indicating that Canadian children are becoming progressively more
50

overweight and obese .

Smoking is responsible for about 30% of all cancer deaths, and accounts for about 85% of all
19

new cases of lung cancer.

Smoking also is responsible for 25% and 20% of male and female
51

deaths due to myocardial infarction . The elimination of smoking would have a major impact
on cancer and myocardial infarction mortality rates.

Healthy eating, physical activity and

healthy body mass have an estimated potential to decrease cancer incidence by 30-40%. Daily
52

diets high in vegetables and fruits are estimated to reduce cancer incidence by 20% .

The evidence points to the importance of healthy eating, healthy weights, physical activity, not
smoking and not being exposed to tobacco smoke in the prevention of cardiovascular disease,
cancer, diabetes, and COPD.

14

SECTION 3:
Chronic Disease Prevention Framework
In Section 2, the connections of the three risk behaviours smoking, physical inactivity and
unhealthy eating/weights with the major chronic disease were established. This section will add
the impact of some of the socio-economic determinants of health.

Health and well-being are complex and multi-faceted concepts and conditions. Socio-economic
53

conditions and environments are key contributing factors in people’s health . Choices regarding
health practices and beliefs are constrained by their physical, social and cultural environments.
Factors that are external to the individual and community determine the health of both
individuals and populations. These health determinants include income and social status, social
support networks, education, employment and working conditions, social and physical
environments, personal health practices and coping skills, biology and genetic endowment,
54

healthy child development, health services, gender and culture .

The most firmly established associations between chronic diseases and factors in the life span are
those between disease and the major known ‘adult’ risk factors namely tobacco use, physical
55

inactivity and unhealthy eating/obesity . They are shown to be significant at both individual
56

and population levels .

The unhealthy behaviours do not just emerge in adulthood. They are already taken up in
57, 58, 59

childhood and adolescence as shown by the Bogalusa Heart Study

. Parental physical
60

inactivity has been linked to childhood physical inactivity and consequent obesity , and
61

unhealthy parental diets have been linked to unhealthy dietary intake and overweight children .
Children and adolescents also take up unhealthy behaviours through mass marketing and media
pressure, which are reinforced through peer pressures Parental tobacco smoking and quitting
have been found to be important influences on the uptake of smoking especially by younger
62

children .
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56

Aboderin et al

report solid evidence that risk behaviour development is the result of numerous

factors over the life span. It is clear that the risks for chronic disease accumulate with age and
are influenced by factors acting at all stages of the life span, with increasing indications that the
interactions of the early and later factors may lead to very high risks for chronic disease.

Unhealthy behaviours are directly and indirectly shaped by family, friends, peer groups, schools,
and the broader social and physical environments. The prevalence of unhealthy behaviours
shows clear variations between race, gender and socio-economic groups, indicating the
importance that social or economic determinants have on individuals’ choice of diet, smoking
56

and the extent of physical activity .

Studies from various countries show that physical inactivity among adults and youth is highest in
low income and occupational strata groups

63, 64, 65

. Similarly, smoking and unhealthy diets were
66

64

found to be associated with lower occupational or income levels . Lynch et al reported that in
Finland people in the lower socio-economic strata had the highest rates of total calorie and
saturated fat intakes and lowest levels of fresh vegetables and fruit intake. They conclude that the
clustering of unhealthy behaviours in the lower socioeconomic groups is consistent but do not
fully explain the observed inequalities in health and disease rates.

While the above evidence shows that unhealthy diet, smoking and physical inactivity in adults
are related to current socio-economic status, these same health behaviours are often also related
to their earlier socio-economic position such as lower levels of education and poorer background
63, 64

in childhood

. This early influence of socio-economic position may increase the risk of later

disease as a result of children and youth adopting unhealthy behaviours and attitudes.
67

Lantz et al

investigated the degree to which four behavioural risks (cigarette smoking, alcohol

drinking, sedentary lifestyle and relative body weight) explain the observed association between
education and income and all-cause mortality. Using the data from the Americans’ Changing
Lives longitudinal study, they examined the impact of income, education and the four health
behaviours on the risk of dying within the next 7.5 years. Subjects were 25 years or older. The
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results showed quite clearly that lower levels of income are associated with significantly higher
levels of risk behaviours and significantly higher rates of mortality, but health risk behaviours
account for only a modest proportion of deaths in the low income and middle-income sectors.
They conclude that both risk behaviours and socioeconomic status are important determinants in
mortality.

The literature related to health behaviours and socio-economic status clearly suggests that
prevention initiatives must address both behaviours and the structural elements of inequality in
society. This can only be accomplished through multiple component strategies that address
policy, information and prevention, through initiatives that reach people in all their domains of
life and extend clear across the lifespan. These strategies require a social ecological perspective
framework for prevention.

Social Ecological Model
68

Bronfenbrenner’s ecological model

states that people exist within a system of relationships

within complex layers of environments that impact on their lives. Changes or impacts in one
layer tend to ripple throughout other layers. Bronfenbrenner views behaviour as influencing, and
being influenced by these complex layers of environment, dividing the environmental influences
on individual behaviours into micro-, meso-, exo- and macro-systems. The microsystem is the
layer closest to the individual and contains the structures with which one has direct contact:
family, school, neighbourhood and work environments. The mesosystem is the layer where
connections are made between structures within the microsystem. Beyond this layer is the
exosystem that consists of the larger social system, in which the individual does not function
directly. The structures within this layer impact the individual by interacting with one or more
structures of the mesosystem. Finally, the macrosystem is the outermost layer, comprised of
cultural values, customs and laws that indirectly impact the individual. The effect of the larger
principles defined by the macrosystem have a cascading influence throughout the interactions of
all other layers.

68

69

McLeroy et al

provide a social ecological model for health promotion based on

Bronfenbrenner’s conceptual framework. In this model, behaviour is influenced by five major
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categories of factors: Intrapersonal Factors (individual characteristics such as knowledge, skills,
behaviour, self-referent beliefs, individual developmental history); Interpersonal Processes and
Primary Group (social networks and social supports including the family, work group and
friendship networks); Institutional Factors (rules and regulations for operation of social
institutions and organizations); Community Factors (relationships among the various
organizations, institutions and informal groups); and Public Policy (all levels of government).
This model can be utilized to inform and guide interventions and evaluation planning across each
level.

Research has shown that efforts to target the full range of levels within the social
70

ecological model may be important in improving the effectiveness of interventions .

Stokols

70

offers some practical planning guidelines from the core principles of the ecological

perspective: (1) Prevention initiatives need to enhance the fit between people and their
surroundings; (2) Consider joint influences of intrapersonal and environmental conditions.
Personal as well as physical and social environmental factors must be taken into account in the
design and implementation of prevention programs. This implies that prevention must focus on
multiple components or means to influence behaviour that address individual needs as well as the
environmental determinants of health; (3) Prevention initiatives need to focus on high-impact
behavioural and organizational ‘leverage points’. This means that places and environments in
which a behaviour is most likely to occur can play a significant role in influencing that
behaviour, if it is an environment supportive of that behaviour; and (4) Prevention initiatives
need to address the interdependence between the physical and social environments and
encompass multiple settings and life domains.

People’s activity patterns are organized in

relation to their major life domains – residential, educational, religion.
consider multiple opportunities in multiple settings.

Planning needs to

Consistent with the social ecological

perspective is that strategies must focus on places where people live, work and play.

Stages of Change
Chronic disease primary prevention interventions must address both individual behaviour and
inequities in the environment. The social ecological model provides an overarching conceptual
framework for prevention. However, populations involve individuals with different interests or
motivations with respect to behaviour change. Behaviour change is seldom a single event: The

18

individual moves slowly, from being uninterested to considering a change, to deciding and
71

preparing to change. Prochaska’s change theory

or Stages of Change model recognizes that

behaviour is too complex to systematically and consistently respond to just one form of
intervention.

Behaviour change is a process, and certain processes facilitate progressive

movement through the various stages of pre-contemplation, contemplation, preparation, action
and maintenance. Individuals are seen to progress consistently through five stages in order to
create a change in behaviour. ‘Pre-contemplation’ is the stage where people are not interested in
change: They may actually deny that there is a need to change. ‘Contemplation’ is the stage
when people begin to recognize the need to change, to consider altering a behavior. Planning
and small changes begin at the ‘Preparation’ stage. When people approach the ‘Action’ stage,
they begin to make a commitment to undertake action.

The fifth and final stage is

‘Maintenance’, when true alterations and stability in behaviours are seen: Behaviour change can
become ingrained or relapse (a sixth stage) can occur.

The Stages of Change model can guide thinking in the selection of approaches whether they are
informational, behavioural or policy oriented to match the varying stages of change that will be
found in all communities. The Stages of Change model was developed using factor and cluster
analytical methods in retrospective, prospective and cross-sectional studies. The model has been
72

73

72,74

applied extensively , and has been validated for smoking cessation , exercise behaviour
75 76

71

and dietary behaviour , . Prochaska’s change theory encompasses many change models
And complements the social ecological model.

SECTION 4:
Chronic Disease Prevention through Population Strategies
A case has been presented in Sections 1 and 2 regarding the burden of chronic disease, and the
association of these diseases with three risk behaviours: smoking, unhealthy eating and physical
inactivity. In Section 3, a social ecological framework was presented, as a guide to address
behaviour change and the social and physical environments. This Section will present examples
of where risk factors in the population, or in groups, have been changed; and in some instances
where the risk factor changes have resulted in the actual reduction of disease incidence and
mortality.

19

There have been more than three decades of community prevention trials focused on reducing
risk factors for cardiovascular disease. Most of the trials were primary prevention initiatives
designed to reduce the population prevalence of multiple cardiovascular disease risk factors in
intact communities. A limitation of most of the studies is that they were not true experimental
designs. However, the evidence is consistent enough to warrant attention to their results, which
can guide policy and program decisions. Since one or more of the cardiovascular risk factors are
also risk factors for cancer, diabetes and chronic obstructive pulmonary disease, the
cardiovascular primary prevention research initiatives have relevance for chronic disease
prevention.

There is strong evidence indicating that communities can make major gains once becoming
77

involved in reducing health risk behaviors associated with many chronic diseases . Much of the
evidence in heart health intervention indicates that these programs are cost-effective, easily
78

transferable and have dramatic impacts on health policy development . Researchers have found
that community-based prevention programs also can substantially promote a positive shift in
79

health status in high-risk populations .

The most notable cardiovascular disease prevention trials are the Stanford Three-Community
Project, North Karelia Project, Stanford Five-City Project, Minnesota Heart Health Program and
the Pawtucket Heart Health Program. These five projects identify that cardiovascular diseases
are preventable through modifications of established risk factors such as cigarette smoking,
elevated blood lipids, elevated blood pressure and sedentary lifestyle. The basic premise for this
work is that community-wide strategies lead to a reduction in disease rates through changes in
individual and community risk factors. Each provides valuable models, methodologies and
strategies for planning and implementing community-based/led programs.

Stanford Three-Community Project (1972-75)
The Stanford Three-Community Project was conducted in three non-randomized matched towns
in California. Intervention activities included media and direct education. One town received the
media intervention only, the second media and direct education and the third was a comparison
town. This study provided support for the effectiveness of mass media and interpersonal

20

instruction for high-risk groups in producing favorable changes in heart disease risk factors. The
results showed that from 1972-75 there were significant reductions in smoking, blood pressure,
cholesterol, body weight, and composite coronary heart disease risk. This composite risk
80, 81, 82

reduction was 23%.

North Karelia Project (1972-95)
The North Karelia Project in Finland is often cited as the model for other national and
international prevention trials. It was launched in response to local concerns about the need for
urgent and effective help to reduce the burden of exceptionally high coronary heart disease
mortality rates in the region. The province of North Karelia received the intervention while a
second province served as a reference. The North Karelia Project, a population-based approach,
83

built an education and advocacy organization of over a thousand lay leaders . These lay opinion
leaders took the lead in promoting the diffusion of health innovations in the community
83

programs . The project used a combined approach of education (including risk factor screening
programs and skill building courses) and policy initiative to achieve a healthier environment.
There were strong partnerships with residents and their organizations. Within five years there
were favorable reductions in cardiovascular disease events for men aged 35-64 years in North
Karelia. By year ten, for men 35-64 years, there were significant reductions in smoking, blood
pressure, cholesterol and coronary heart disease risk; along with a 24% reduction in
cardiovascular disease mortality in the intervention province compared with a 12% reduction for
Finland as a whole

84, 85, 86
.

From 1969 to 1995, the age adjusted coronary heart disease

mortality rate for men 35-64 years in North Karelia dropped 72% compared to a 64% drop in all
87

of Finland . While coronary heart disease mortality was decreasing, so were cancer mortality
rates in 35-64 year-old males: More than 45% in North Karelia and approximately 35% in the
88

rest of Finland .

Stanford Five-City Project (1980-86)
The Stanford Five-City Project built on the work of the Three-Community Study. It was
conducted in five northern California cities. The intervention consisted of a five-year education
program consisting of TV, radio, newspaper and other print materials, community events and
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direct education in two cities. Members of the communities were involved in establishing local
health education programs; and providing opportunities for intensive, interpersonal education
and locally produced media programs. The three remaining cities served as references. The
project was successful at decreasing blood pressure, smoking, cholesterol and coronary heart
disease risk in the two intervention cities

89, 90

.

Minnesota Heart Health Project (1981-88)
The Minnesota Heart Health Project was designed to provide community education for the
prevention of cardiovascular disease. The study involved three pairs of non-randomized
communities in the Midwestern United States matched by size and type. Each pair had one
education and one comparison site.

Most of the community-based programs centered on non-

smoking; healthy eating patterns to lower blood cholesterol; hypertension prevention, detection
and control; and regular physical activity. All of the interventions operated at the individual,
group and community levels.

Community organization methods were used to engage

community leaders and their organizations as active participants in the education programs.
Advisory boards based within the community were organized, representing medical, political,
business, labour, religious, educational and other elements of the community.

The direct

education program provided classes at local schools and other sites on individual approaches to
reduce cardiovascular risks. School programs advocated healthy eating patterns, regular physical
91

activity and non-smoking among youth .

It was found that a 5-6 year educational program could (1) improve population health behaviors,
(2) lower population levels of blood cholesterol, blood pressure and cigarette smoking, and (3)
increase physical activity levels. Evaluations of the project showed that it was much easier to
change the risk profiles of people who participate directly in these programs than it was to
92

engage a large enough fraction of a community to change risk profiles for that community .
Total population cross-sectional surveys revealed significant reductions in female smoking and
93

increased physical activity in both men and women .
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Pawtucket Heart Health Project (1984-91)
The Pawtucket Heart Health Program involved one intervention and one matched reference city
in New England. It was a demonstration project based within the community.

The primary

focus of the seven-year campaign was on modifying risk factors for cardiovascular disease
among residents. The goal was to reduce cardiovascular morbidity and mortality using strategies
that relied on community volunteers, and to develop a framework of community organization
capable of sustaining health enhancement programs. People learned skills, built support systems
and developed strategies for initiating and maintaining healthy behaviors through the
collaborative efforts of individuals, groups, organizations and the entire community.

The risk factors targeted included high blood cholesterol levels, high blood pressure, smoking,
sedentary lifestyle, and obesity. Volunteers were recruited and trained to develop, deliver,
evaluate and eventually manage the programs to change risk behaviors associated with
cardiovascular disease.

Evaluations were put in place whereby random cross-sectional

household surveys monitored relevant changes in Pawtucket and the reference city. The surveys
showed significant treatment effects for obesity and reduced coronary heart disease risk. A
marketing strategy was developed to promote intervention programs and education programs.
Based on social learning theory, materials were designed for people with low literacy levels.
Interventions on weight control, reducing blood cholesterol levels, and smoking cessation were
94

part of the design .

The program could not have worked without its volunteers. More than 3,600 people in the
community and surrounding areas gave their time and energy to the project. The most notable
effects were seen in individuals with lower levels of education. It was found that certain
subgroups, specifically those of low socioeconomic status, appeared to benefit from the
95

interventions .

Discussion of the Five Community Studies in Cardiovascular Disease Prevention
The five prevention trials were quite diverse in their methodological perspectives, addressing
awareness and education, skill-building and advocacy.

Three were successful in reducing

smoking rates, two reported reductions in obesity/body weight, four reported a coronary heart
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disease risk reduction, three reported a reduction in cholesterol, and three reported a reduction in
blood pressure. The North Karelia Project was the only one of the five trials that demonstrated a
reduction in coronary heart disease reduction. In the three studies in the 1980s, the decrease of
the risk factors were often small but even a reduction of a few percentage points in a primary
96

cardiovascular disease risk factor has considerable significance at a population level .

The Stanford Five-City, Minnesota Heart Health Project, and the Pawtucket Heart Health Project
combined produced fifty sub-studies that evaluated a variety of program components separate
from their population wide effects. These program components include mass media campaigns,
events and contests, group and individual (direct) education, school programs, worksite
programs, grocery store and restaurant programs, physician and health care settings screenings
97

and policies. Schooler et al reviewed the (fifty) sub-studies, and concluded that the component
studies generally show greater risk factor changes than seen in their population-wide samples.
The (separate) sub-component studies demonstrate that it is easier to change program participant
risk profiles than it is to engage sufficient community participation to result in a change in a
community’s risk profile.

The five prevention trials all reflect a similar set of three primary categories of components in
their interventions. These components are mass media; program-specific prevention initiatives
that provide education and/or skill building for health behaviour development in multiple
settings; and environmental support actions through policy development and site program
development resulting in the support of health enhancing behaviours.

Diabetes Prevention Studies
Three studies in diabetes prevention demonstrate the effectiveness of lifestyle changes in the
prevention of Type 2 diabetes. The first study took place in Finland and involved the random
assignment of 522 middle-aged overweight subjects (172 males and 350 females, mean age 55
and mean body-mass index of 31) with impaired glucose tolerance to either an intervention or
control group. Intervention group subjects received individualized counseling for weight
reduction, fat intake reduction, fiber intake increase and increased physical activity. The mean
duration of follow-up was 3.2 years. The mean amount of weight lost between base line and the
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end of year one was 4.2 kilograms in the intervention group and 0.8 kilograms in the control
group. By the end of year two, the net loss was 3.5 and 0.8 kilograms respectively in the
intervention and control groups. The cumulative incidence of diabetes after four years was 11%
in the intervention group and 23% in the control group. The intervention group risk for diabetes
during the trial was reduced by 58%. The study concluded that Type 2 diabetes could be
98

prevented among high-risk subjects through changes in lifestyle .
99

The second diabetes study

involved 41 male subjects with early stage Type 2 diabetes and 181

male subjects with impaired glucose tolerance, selected to determine the effect of a long-term
life style change program. All subjects were 47-49 years of age. A five-year protocol consisting
of dietary treatment and/or increase in physical activity were completed by 90% of all the
subjects. Body weight was reduced by 2.3 –3.7 % among the participants in the study compared
with a 0.5-1.7% weight increase in the non-intervention subjects with impaired glucose tolerance
and in normal control subjects. Glucose tolerance was normalized in more than 50% of subjects
with impaired glucose tolerance. The accumulated incidence of diabetes was 10.6%, with more
than 50% of the diabetic patients in remission after a mean follow-up of 6 years. The study
found that the improvement of glucose tolerance was correlated to weight reduction and
99

increased physical fitness .

In 1986, 577 subjects with impaired glucose tolerance attending health care clinics in Da Qing,
China
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were randomized by the clinic to either a control group or to one of three active

treatment groups.

One of the treatment groups received a diet-only program; a second group

received an exercise-only program; and the third group received both a diet and exercise
program. Follow-up evaluation examinations occurred at 2-year intervals over a 6-year period to
identify subjects who had developed Type 2 diabetes. Over the six years, the accumulated
incidence of diabetes in the control group was 67.7% compared with 43.8% in the diet group,
41.1% in the exercise group and 46% in the diet and exercise group. The study concluded that
diet and exercise interventions led to significant decreases in Type 2 diabetes over a six-year
period among subjects with impaired glucose tolerance.

25

Discussion of Type 2 Diabetes Prevention Studies
These three studies show the benefit of healthy weights, healthy eating and physical activity in
preventing Type 2 diabetes. Community prevention initiatives addressing obesity, healthy eating
and physical activity may have important implications in the prevention of Type 2 diabetes in
high-risk populations, which supports the notion of integrated prevention initiatives.

The CVD prevention trials and the diabetes studies provide solid evidence that physical
inactivity, smoking and unhealthy eating/obesity rates can be influenced by community-based
97

initiatives. Further, the Schooler et al

review of the fifty sub-studies from the Stanford Five-

City, Minnesota Heart Health and Pawtucket Heart Health projects found extensive evidence for
the effectiveness of programs in changing participant risk behaviours.

SECTION 5:
Potential Health Benefit of Risk Behaviour Reduction
Section 1 presented evidence on the burden of chronic disease on Canadians, while Section 2
presented evidence on the relationship between physical inactivity, active and passive smoking,
obesity and healthy eating; and cancer, cardiovascular disease, chronic lung disease, diabetes and
kidney disease. This Section will link the extent to which the risk behaviours cause disease and
cost, and where possible, how much can be saved through a reduction of risk factors.

Smoking
More than 45,000 Canadians deaths each year are attributable to smoking. Smoking is
responsible for 30% of all cancer deaths,

17

18, 19

85% of new lung cancer cases

and 25% (male)

101

and 20% (female) deaths due to myocardial infarction

. It has also been reported that Canadian
102

regular smokers lose about 15 years of their life expectancy

.

Smoking costs the Canadian economy roughly $336 for each Canadian.

103

In 1991, lost

productivity due to smoking deaths in Canada was estimated to be $10.6 billion, while more than
38,000 Canadians were residing in long-term care facilities because of smoking-related
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diseases

104

. Ontario research found that in 1994 the average per capita cost of physicians’

services increased by $1.75 for every year of daily smoking.

105

Other research has found that

current smoking status and a history of tobacco use increase annual per patient charges by 18%
106

and 25.8% respectively

.

Physical Inactivity and Obesity
Katzmarzyk and colleagues

107

report that, in 1999 about 2.5%, or $2.1 billion of direct health

care costs in Canada were attributable to physical inactivity. They estimate that 10% reduction
in the prevalence of physical inactivity could result in a saving of $150 million per year. Using
1995 data, they also found that if physical inactivity in Canada were totally eliminated it would
increase life expectancy and save 21,340 lives lost prematurely each year, or 10.3% of total
deaths among adults. The Conference Board of Canada, using 1993 data, calculated that a 1%
increase in the number of Canadians who were physically active would result in an annual saving
108

of $877,000

.
109

Stephenson et al

report that every 1% gain in the proportion of the Australian population that

is physically active will reduce coronary heart disease deaths by 100 per year; 112 hospital
admissions for acute myocardial infarctions per year; and have a potential saving in health care
costs of $2.6 million for coronary heart disease, $2 million for stroke 0.6 million for Type 2
diabetes, $0.3 million saving for colon cancer, $0.3 million for breast cancer and $88 million for
all cause mortality.
42
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Obesity in Canada had an estimated cost of $1.8 billion in 1997 . Pronk et al

report that after

adjusting for basic demographic characteristics and chronic disease status, there is a 1.9%
105

increase in health care costs per body mass unit for each individual. Finkelstein

reported that

for Ontario in 1994, physician service per capita cost increased by $8.90 for every unit increase
of body mass index beyond the optimal range of 20-25.
110

The Victorian Burden of Disease Study

published in 2000 by the Public Health and

Development Division of the Department of Human Services in the state of Victoria, Australia
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determined the contribution of risk factors to the burden of total mortality for the state of
Victoria for the year 1996. The study reported that smoking was responsible for 16.7% and 9.3%
of deaths in men and women respectively; obesity was responsible for 8.4% and 9.5% of deaths
in men and women respectively; and physical inactivity was responsible for 7.3% and 9.3% of
110

deaths in men and women respectively

111

. Mathers et al

reported that for 1996, considerable

proportions of the overall burden of disease in Australia were attributable to a number of risk
factors. Tobacco smoking was the leading risk factor responsible for 10% of the total burden of
disease, followed by physical inactivity at 7% and obesity at 4%. Insufficient intake of fruits and
vegetables (fewer that five servings a day) caused an estimated 3% of the total burden of disease
and 11% of the cancer burden.
It is difficult to pin point exact cost savings that might be gained from specific percent reductions
in smoking, physical inactivity or body mass index units. The evidence presented however,
clearly indicates that there could be significant reductions in the burden of morbidity, mortality,
and/or economic costs, as a result of changes in one or more of the risk behaviours. The benefit
of risk behaviour improvement economic dividends does not take into consideration the cost of
delivering the primary prevention intervention. Even a modest $5 per capita cost for
comprehensive community-led primary prevention programs addressing all three risk behaviours
would have a total cost of about $150 million per year. This total expenditure would be paid
back with a 10% reduction of physical inactivity. Additional savings would come from smoking
reduction, increased healthy eating and a reduction in unhealthy weights

SECTION 6:
Recommendations for Prevention
A case has been made for chronic disease prevention: The escalating prevalence and cost of
chronic disease, of which a considerable proportion could be prevented or delayed by reducing
modifiable risk factor levels and providing supportive environments through population and high
risk strategies. The literature describing research trials and demonstration projects identifies
population strategies that have shown success in reducing (socio) behavioural risk factors and
building supportive environments. In some of the prevention trials, the decrease in risk factor
levels was small. However, at a population level even a small decrease may have a large effect
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in preventing the move of low-risk persons to a high-risk level . The challenge is to be able to
deliver an adequate dose to the respective priority populations to bring about a population effect.
97

The fifty sub-studies reviewed by Schooler et al

were component studies from the three major

US demonstration trials (Stanford, Minnesota and Pawtucket). The authors suggest that such an
assessment of the separate components of large studies may obscure the synergy that occurred
overall, as well as the interactions that occurred between the components. They note that the
interactions between interventions did result in a more widespread impact. The authors present
some ‘practice principles’, which are instructive and relevant as recommendations for
prevention.

Comprehensive Interventions
The primary prevention of chronic disease will require multiple strategies that focus on both
behaviour change and social and physical environment changes supportive of healthy behaviours
and health. To accomplish this will require multiple approaches for communication/information,
public policy and prevention initiatives that reach people in multiple settings (workplace,
community, home, schools, restaurants, grocery stores) across the age span, as well as priority
populations. The behaviour and policy approaches must address multiple risk behaviours and
inequalities. Comprehensive interventions require the collaboration of individuals, communities,
community organizations and governments.

Integration
A successful comprehensive intervention needs to be carefully integrated so that the information,
policy and prevention initiatives reaching the total population in multiple settings are mutually
reinforcing. This will require an integration of information, public policy and prevention
initiatives to enhance synergy. Integration also means that primary prevention approaches need
to encompass both the total population and those at high-risk. While the low-income sectors of
the population have a disproportionate amount of the burden of chronic disease, the vast majority
of the total burden rests with those who are outside the low-income strata. Therefore, it is not an
“either or” approach, but a comprehensive integrated approach that addresses high, medium and
low-income populations.
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Sustainability
Sustainability in this document refers to the ability and capability to sustain the process and the
initiatives. Comprehensive interventions need to be developed within the capacity of their
settings.

This means the ability to maintain the programs with respect to knowledge and

technical skills, and capability in terms of resources (monetary and human).

Community-Led
Community involvement and ownership are crucial to the implementation of comprehensive
interventions. Communities need to be a part of the decision-making, and in fact should have a
lead role. Communities themselves know how to attain a social ecological perspective that will
lead to comprehensive interventions that are integrated, sustainable and fit the social and
physical environments.

Disseminate Research Results and Lessons Learned
Despite the fact that there is strong evidence of the success of population-based chronic disease
prevention strategies, prevention is a low priority among governments and organizations.
Farquhar

112

states that there is a need to raise the priority of chronic disease prevention,

especially community-based chronic disease prevention. Widespread sharing of the findings,
challenges and successes of prevention studies and programs allows countries and communities
to learn from others, reduces cost and time delays of duplication, and allows for adaptation to
different environments. Blending education with advocacy, and building health professionals’
commitment, skills and freedom to modify the health system’s traditional ‘top-down’ approach
with ‘bottom-up’ community activation for health incorporates the practicalities of ‘how-to,’
through using real-life examples from research.

The Need to Study Deployment of Community-Based Prevention Interventions Developed
from Research
This document has presented a body of evidence concerning the effectiveness of community–
based chronic disease prevention.

However, the transfer of this new knowledge from the
112

research to practice is far from optimal

.

While the importance of the transfer of this

community-based prevention research to practice is recognized, there has been relatively little
30

done to develop successful approaches for such transfer

113

. It was further noted that without

some form of translation of prevention research into practice, accomplishments will remain “on
113

the shelf”

.

It would be naïve to think that research on community-based prevention can be directly applied
to communities in a routine way. Research evidence will always need to be adapted to fit local
contexts in order to respond to the complexity of factors influencing behaviours, exposure to risk
and the capacity of individuals and communities to change their circumstances. However, in
order to ensure that decision-making is based on the best available evidence concerning
effectiveness and application to “real life” settings, there is need to study research-based
interventions in contexts outside of the research settings. Further, it is necessary to determine
whether the research based interventions can be deployed or widely implemented across a
number of communities and still maintain the effectiveness and resource and capacity
management found in the research. Farquhar
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states, “There is nothing so useless as a theory

untested in the real world of the community itself”
114

Nutbeam

offers a model to guide approaches to address the translation of research into

practice. He offers a four-stage model that describes the stages and corresponding research
which link fundamental research with practice. Stage 1 is Problem Definition and Prioritization,
and includes epidemiological and demographic research to investigate the causal health
problems, the scope of needed interventions and the priority populations. Stage 2 is Solution
Generating, and it includes research that assesses the scope for change in behavioural and
environmental determinants; identifies priority populations and potential intervention settings;
and completes a systematic review of research to determine effective interventions. Stage 3 is
Solution Testing, and it includes research of interventions in “ideal” conditions and
demonstration evaluations of interventions under “normal” conditions, to better ascertain
conditions for success. Stage 4 is Solution Maintenance, and it is focused on studying how
programs can be widely implemented or deployed on a large scale. The research includes
monitoring and resource management and ways to disseminate or diffuse programs. Nutbeam
also provides outcomes of importance for each stage.
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In Stage 1, the outcome is the definition of priorities relating to health, in Stage 2, the outcomes
are a definition of priorities stated in health targets and the definition of program objectives, in
Stage 3 the outcome is the achievement of program objectives from Stage 2 and a clarification of
conditions for successful implementation. Stage 4 outcomes are the development of “practice
guidelines” for the deployment of the intervention on a large scale and the replication of the
intervention effects in diverse settings.

Most of the published research in prevention is descriptive and falls into Nutbeam’s Stages 1 and
2. In the case of Stage 3, most of the evaluative research publications are those with maximum
internal validity, and are of the least use to practitioners. Very little prevention research has been
published that addresses Stage 4. While all four stages proposed by Nutbeam are important in
moving research to practice, it is really the Stage 4 research that provides the information of
greatest interest to program managers, practitioners, and policy makers, because it defines what
needs to be done, by whom, to what standard, and at what cost. It is the most important research,
because it provides information on the effectiveness of the application of the prevention
115

intervention to the general population and to specific subgroups

Brownson and Simoes

116

.

provide a framework to evaluate research advances in practice settings.

While the framework has not been tested prospectively, it is a complement to Nutbeam’s

114

Stage 4: Combined, they provide the bases for developing evidence informed practice guidelines.

The foregoing addresses the framework or model that can guide the study of the deployment or
dissemination of community-based prevention on a large scale. But the framework itself is not
sufficient in the translation of the research to practice. This translation or transfer is greatly
enhanced if it is done in partnership involving program managers, practitioners, policy-makers,
117, 118, 119

communities and researchers/evaluators

. This working together of practitioners and

researchers is crucial in developing the science to effectively disseminate prevention
programs

120

.
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Conclusion
Figure 5 depicts the case for prevention.

Starting at the top, evidence was presented on the

increasing disease and economic burden of chronic disease, if present rates are maintained.
Estimates of morbidity, mortality and economic savings were presented if the risk behaviours of
smoking, physical inactivity, unhealthy eating and unhealthy weights that were shown to be
linked to chronic diseases were reduced. Social inequalities were shown to be linked to both risk
behaviours and chronic diseases. Finally, evidence was presented on the success of communitybased prevention projects in reducing risk behaviours and building supportive environments.

If we start at the bottom of the Figure, we have a framework for achieving chronic disease
primary prevention.
Figure 5. Prevention Case
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