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Abstract
The primary purpose of this narrative review was to evaluate
the current literature and to provide further insight into the
role physical inactivity plays in the development of chronic disease and premature death. We confirm that there is irrefutable
evidence of the effectiveness of regular physical activity in the
primary and secondary prevention of several chronic diseases
(e.g., cardiovascular disease, diabetes, cancer, hypertension,
obesity, depression and osteoporosis) and premature death.
We also reveal that the current Health Canada physical activity
guidelines are sufficient to elicit health benefits, especially in
previously sedentary people. There appears to be a linear relation between physical activity and health status, such that a
further increase in physical activity and fitness will lead to additional improvements in health status.
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hysical inactivity is a modifiable risk factor for cardiovascular disease and a widening variety of other chronic
diseases, including diabetes mellitus, cancer (colon and
breast), obesity, hypertension, bone and joint diseases (osteoporosis and osteoarthritis), and depression.1–14 The prevalence
of physical inactivity (among 51% of adult Canadians) is
higher than that of all other modifiable risk factors.15 In this
article we review the current evidence relating to physical activity in the primary and secondary prevention of premature
death from any cause, cardiovascular disease, diabetes, some
cancers and osteoporosis. We also discuss the evidence relating to physical fitness and musculoskeletal fitness and briefly
describe the independent effects of frequency and intensity of
physical activity. (A glossary of terms related to the topic appears in Appendix 1). In a companion paper, to be published
in the Mar. 28 issue, we will review how to evaluate the healthrelated physical fitness and activity levels of patients and will
provide exercise recommendations for health.
Several authors have attempted to summarize the evidence
in systematic reviews and meta-analyses. These evaluations
are often overlapping (reviewing the same evidence). Some of
the most commonly cited cohorts have been described in different studies over time as more data accumulate (see Appendix 2, available online at www.cmaj.ca/cgi/content/full/174/6
/801/DC1). In this review, we searched the literature using the
key words “physical activity,” “health,” “health status,” “fitness,” “exercise,” “chronic disease,” “mortality” and diseaseCMAJ
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specific terms (e.g., “cardiovascular disease,” “cancer,” “diabetes” and “osteoporosis”). Using our best judgment, we selected individual studies that were frequently included in systematic reviews, consensus statements and meta-analyses
and considered them as examples of the best evidence available. We also have included important new findings regarding the relation between physical activity and fitness and allcause and cardiovascular-related mortality.

All-cause and cardiovascular-related death
Primary prevention
Since the seminal work of Morris and colleagues in the
1950s16,17 and the early work of Paffenbarger and colleagues
in the 1970s, 18,19 there have been numerous long-term
prospective follow-up studies (mainly involving men but
more recently women also) that have assessed the relative risk
of death from any cause and from specific diseases (e.g., carciovascular disease) associated with physical inactivity.6,20–26
Both men and women who reported increased levels of
physical activity and fitness were found to have reductions in
relative risk (by about 20%–35%27,28) of death (see Appendix
2, available at www.cmaj.ca/cgi/content/full/174/6/801/DC1).
For example, in a study involving healthy middle-aged men
and women followed up for 8 years, the lowest quintiles of
physical fitness, as measured on an exercise treadmill, were
associated with an increased risk of death from any cause
compared with the top quintile for fitness (relative risk
among men 3.4, 95% confidence interval [CI] 2.0 to 5.8, and
among women 4.7, 95% CI 2.2 to 9.8).7
Recent investigations have revealed even greater reductions
in the risk of death from any cause and from cardiovascular
disease. For instance, being fit or active was associated with a
greater than 50% reduction in risk.29 Furthermore, an increase
in energy expenditure from physical activity of 1000 kcal (4200
kJ) per week or an increase in physical fitness of 1 MET (metabolic equivalent) was associated with a mortality benefit of
about 20%. Physically inactive middle-aged women (engaging
in less than 1 hour of exercise per week) experienced a 52% increase in all-cause mortality, a doubling of cardiovascularrelated mortality and a 29% increase in cancer-related mortality
compared with physically active women.30 These relative risks
are similar to those for hypertension, hypercholesterolemia
and obesity, and they approach those associated with moderate
cigarette smoking. Moreover, it appears that people who are fit
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yet have other risk factors for cardiovascular disease (see Fig. 1)
may be at lower risk of premature death than people who are
sedentary with no risk factors for cardiovascular disease.31–33
An increase in physical fitness will reduce the risk of premature death, and a decrease in physical fitness will increase
the risk.34–37 The effect appears to be graded,34,35 such that even
small improvements in physical fitness are associated with a
significant reduction in risk (Fig. 2). In one study,35 participants with the highest levels of physical fitness at baseline and
who maintained or improved their physical fitness over a prolonged period had the lowest risk of premature death (Fig. 2).
Modest enhancements in physical fitness in previously sedentary people have been associated with large improvements in
health status.38 For instance, in another study, people who
went from unfit to fit over a 5-year period had a reduction of
44% in the relative risk of death compared with people who remained unfit.36
A recent systematic review of the literature regarding primary prevention in women39 revealed that there was a graded
inverse relation between physical activity and the risk of cardiovascular-related death, with the most active women having
a relative risk of 0.67 (95% CI 0.52 to 0.85) compared with
the least active group. These protective effects were seen with
as little as 1 hour of walking per week.
In summary, observational studies provide compelling evidence that regular physical activity and a high fitness level are
associated with a reduced risk of premature death from any
cause and from cardiovascular disease in particular among
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asymptomatic men and women. Furthermore, a dose–
response relation appears to exist, such that people who have
the highest levels of physical activity and fitness are at lowest
risk of premature death (as discussed later).

Secondary prevention of cardiovascular disease
The benefits of physical activity and fitness extend to patients
with established cardiovascular disease.40,41 This is important
because, for a long time, rest and physical inactivity had been
recommended for patients with heart disease. Unlike studies
of primary prevention, many studies of secondary prevention
are RCTs (see Appendix 2, available at www.cmaj.ca/cgi
/content/full/174/6/801/DC1). Several systematic reviews have
clearly shown the importance of engaging in regular exercise
to attenuate or reverse the disease process in patients with cardiovascular disease. For instance, a systematic review and
meta-analysis of 48 clinical trials5 revealed that, compared
with usual care, cardiac rehabilitation significantly reduced
the incidence of premature death from any cause and from
cardiovascular disease in particular. An energy expenditure of
about 1600 kcal (6720 kJ) per week has been found to be effective in halting the progression of coronary artery disease, and
an energy expenditure of about 2200 kcal (9240 kJ) per week
has been shown to be associated with plaque reduction in patients with heart disease.42,43 Low-intensity exercise training
(e.g., exercise at less than 45% of maximum aerobic power)
has also been associated with an improvement in health status
among patients with cardiovascular disease.44
However, the minimum training intensity recommended for patients with heart disease is generally 45% of heart rate reserve.43
In summary, regular physical activity is clearly
effective in the secondary prevention of cardiovascular disease and is effective in attenuating the
risk of premature death among men and women.

Diabetes mellitus
2.0

Primary prevention
1.5

Both aerobic and resistance types of exercise have
been shown to be associated with a decreased risk
of type 2 diabetes.9,10,45–48 In a large prospective
study,46 each increase of 500 kcal (2100 kJ) in energy expenditure per week was associated with a
decreased incidence of type 2 diabetes of 6% (relative risk 0.94, 95% CI –0.90 to 0.98)). This benefit
was particularly evident among people at high risk
of diabetes (i.e., those with a high body mass
index), a finding that has been supported by several other investigators.47,49 For instance, among
21 271 male physicians, those who reported weekly physical activity sufficient to cause a sweat had a
reduced incidence of type 2 diabetes.47 Moderately
intense levels of physical activity (≥ 5.5 METs for
at least 40 minutes per week) and of cardiovascular fitness (> 31 mL oxygen per kilogram per min-
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Fig. 1: Relative risks of death from any cause among participants with various risk
factors (e.g., history of hypertension, chronic obstructive pulmonary disease
[COPD], diabetes, smoking, elevated body mass index [BMI ≥ 30] and high total
cholesterol level [TC ≥ 5.70 mmol/L) who achieved an exercise capacity of less than
5 METs (metabolic equivalents) or 5–8 METs, as compared with participants whose
exercise capacity was more than 8 METs. Error bars represent 95% confidence intervals. Adapted, with permission, from Myers et al38 (N Engl J Med 2002;346:793801). Copyright © 2002 Massachusetts Medical Society. All rights reserved.
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Secondary prevention
Exercise interventions are also effective in the management of
diabetes. One prospective cohort study showed that walking at
least 2 hours per week was associated with a reduction in the
incidence of premature death of 39%–54% from any cause and
of 34%–53% from cardiovascular disease among patients with
diabetes.49 Moreover, walking that led to moderate increases in
heart and breathing rates was associated with significant reductions in all-cause mortality (hazard rate ratio 0.57, 95% CI
0.41 to 0.80) and cardiovascular-related mortality (hazard rate
ratio 0.69, 95% CI 0.43 to 1.09).49 In another cohort study,54
physically inactive men with established type 2 diabetes had a
1.7-fold increased risk of premature death compared with
physically active men with type 2 diabetes. This difference has
also been observed among people with metabolic syndrome.55
Several clinical trials have been conducted on the topic.56–63
Both aerobic and resistance training have been shown to be of
benefit for the control of diabetes; however, resistance training
may have greater benefits for glycemic control than aerobic
training may have.58 A meta-analysis of 14 controlled trials (11
randomized) revealed that exercise interventions resulted in a
small but clinically and statistically significant reduction in glycosylated hemoglobin (0.66%) compared with no exercise intervention;64 in most of the trials, participants in both the exercise and control groups were treated concurrently with oral
hypoglycemic agents. This level of change is similar to that observed in studies comparing intensive glucose-lowering therapy with conventional treatments, a change that is known to be
associated with a 42% reduction in diabetes-related mortality.64
In summary, exercise interventions for patients with diabetes are beneficial in improving glucose homeostasis. Prospective studies with adequate follow-up show a strong association between exercise and reduced rates of death from any
cause and from diabetes in particular. Future research will
need to concentrate on examining the effects of dose (intensity and frequency of exercise).
CMAJ

•

March 14, 2006

25
20
15
10
Q1 (PF2/PF1)

5

Q2 (PF2/PF1)
Q3 (PF2/PF1)

0
Q1

Q2

Q4 (PF2/PF1)
Q3

Q4

Change in physical
fitness quartile

13-yr all-cause mortality
(N = 357 events)

ute) have also been shown to be protective against the development of type 2 diabetes in middle-aged men,48 with an even
greater effect among those at high risk of diabetes.
Several investigators have reported a reduced incidence of
type 2 diabetes among high-risk people (e.g., those who are
overweight) after lifestyle interventions.50,51 A review of RCTs on
the topic52 concluded that modest weight loss through diet and
exercise reduced the incidence of the disease among high-risk
people by about 40%–60% over 3–4 years. In one of the RCTs,53
a lifestyle intervention that included moderate physical activity
for at least 150 minutes per week was found to be more effective
than metformin alone in reducing the incidence of diabetes. It
showed that only 7 people would need to be “treated” with the
lifestyle intervention to prevent a single case of diabetes over a 3year period, compared with 14 people given metformin.53
In summary, increasing research supports the importance
of regular physical activity for the primary prevention of type
2 diabetes. Further research is warranted to uncover the ideal
methods (e.g., resistance v. aerobic training) and intensity
levels of exercise.

Baseline fitness quartile

Fig. 2: Relation between changes in physical fitness and
changes in mortality over time. Participants were evaluated at
baseline (PF1) and again 13 years later (PF2). The ratio of
PF2/PF1 × 100 was calculated to evaluate changes in physical
fitness over the study period compared with fitness level at
baseline. For this figure, participants were grouped according
to fitness quartiles (Q1 = least fit, Q4 = most fit) for the baseline
evaluation and to quartiles for change in fitness from baseline
to 13-year follow-up (Q1 PF2/PF1 = least change, Q4 PF2/PF1 =
most change). Adapted, with permission, from Erikssen et al35
(Lancet 1998;352:759-62).

Cancer
Primary prevention
Several seminal reviews have been published regarding the relation between cancer and routine physical activity65–67 (see Appendix 2, available at www.cmaj.ca/cgi/content/full/174/6
/801/DC1). Of the available literature (including over 100 epidemiologic studies65), it appears that routine physical activity,
whether as part of a job or as a leisure activity, is associated
with reductions in the incidence of specific cancers, in particular colon and breast cancer.67–71 A systematic review of epidemiologic studies revealed that moderate physical activity
(> 4.5 METs [equivalent to mowing the lawn]) was associated
with a greater protective effect than activities of less intensity.65
Physically active men and women exhibited a 30%–40% reduction in the relative risk of colon cancer, and physically active
women a 20%–30% reduction in the relative risk of breast cancer compared with their inactive counterparts.65
In summary, there is compelling evidence that routine
physical activity is associated with reductions in the incidence
of specific cancers, in particular breast and colon cancer.

Secondary prevention
There is a paucity of information regarding the effectiveness of
physical activity in preventing death from cancer or from any
cause in patients with cancer. An early (5.5-year) follow-up
study involving women with breast cancer revealed little associ-

•

174(6)

|

803

Review
ation between total recreational physical activity and the risk of
death from breast cancer;72 however, the study had some important limitations.73 Two recent follow-up studies involving
cancer patients (breast and colon cancer) revealed that increased self-reported physical activity was associated with a decreased recurrence of cancer and risk of death from cancer.74,75
One investigation74 revealed a reduction of 26%–40% in the relative risk of cancer-related death and recurrence of breast cancer among the most active women compared with the least active. Other studies have shown similar associations.75,76 There
are ongoing efforts to try to understand the mechanism of this
survival effect, including the effects of exercise on the effectiveness of chemotherapy.77 Regular physical activity has also been
shown to be associated with an improvement in overall quality
of life and health status of patients with cancer.78–82
In summary, regular physical activity appears to confer a
health benefit to patients with established cancer. However,
further research is warranted to examine its role in the secondary prevention of cancer. In particular, large RCTs evaluating the effectiveness of an exercise intervention are required
to fully elucidate the importance of regular physical activity
for the health status of patients with cancer.

Osteoporosis
Primary prevention

In summary, routine physical activity appears to be important in preventing loss of bone mineral density and osteoporosis, particularly in postmenopausal women. The benefits clearly
outweigh the potential risks, particularly in older people.

Secondary prevention
Preliminary evidence from an RCT indicates that exercise
training is effective in improving bone density in older women
(75–85 years of age) with low bone mineral density.98 In this 6month RCT, 98 women were randomly assigned to participate
in resistance training (n = 32), agility training (n = 34) or
stretching (sham exercise, n = 32). Agility training resulted in
a significant increase in cortical bone density by 0.5% (standard error of the mean [SEM] 0.2%) at the tibial shaft, and
resistance training resulted in a significant increase in cortical
bone density by 1.4% (SEM 0.6%) at the radial shaft; the
stretching group experienced losses in cortical bone density.98
Furthermore, a study involving early postmenopausal osteopenic women revealed that a 2-year intensive training program
was effective in attenuating the rate of bone loss.99
In summary, preliminary evidence indicates that regular
physical activity is an effective secondary preventive strategy
for the maintenance of bone health and the fight against
osteoporosis.

Physical activity or physical fitness?

Weight-bearing exercise, especially resistance exercise, appears to have the greatest effects on bone mineral density. In
one review,10 several cross-sectional reports revealed that
people who did resistance training had increased bone mineral density compared with those who did not do such training. Furthermore, athletes who engaged in high-impact
sports tended to have increased bone mineral density compared with athletes who engaged in low-impact sports.10
Numerous longitudinal studies have examined the effects
of exercise training on bone health in children, adolescents,
and young, middle-aged and older adults (see relevant reviews 83–86 and Appendix 2, available at www.cmaj.ca/cgi
/content/full/174/6/801/DC1). Although the numbers of studies and total participants examined are relatively small compared with those in the cardiovascular literature, there is
compelling evidence that routine physical activity, especially
weight-bearing and impact exercise, prevents bone loss associated with aging. In a meta-analysis of RCTs, exercise
training programs were found to prevent or reverse almost
1% of bone loss per year in the lumbar spine and femoral
neck in both pre- and postmenopausal women.87 Exercise
training appears to significantly reduce the risk and number
of falls.88–92
The risk and incidence of fractures is also reduced among
active people.93–95 Among 3262 healthy men (mean age 44
years) followed for 21 years,96 intense physical activity at baseline was associated with a reduced incidence of hip fracture
(hazard ratio 0.38, 95% CI 0.16 to 0.91). This observation
supports findings from an earlier investigation in which fracture rates were lower among people who performed more
weight-bearing activities than among sedentary people.97
CMAJ
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Physical fitness refers to a physiologic state of well-being that
allows one to meet the demands of daily living or that provides the basis for sport performance, or both. Health-related
physical fitness involves the components of physical fitness
related to health status, including cardiovascular fitness,
musculoskeletal fitness, body composition and metabolism.
In large epidemiologic investigations, physical activity and
physical fitness are often used interchangeably, with fitness
commonly being treated as a more accurate (albeit indirect)
measure of physical activity than self-report.100
Physical fitness appears to be similar to physical activity in
its relation to morbidity and mortality2,34 but is more strongly
predictive of health outcomes than physical activity.6,29,100
Most analyses have shown a reduction of at least 50% in mortality among highly fit people compared with low-fit people
(see Appendix 2, available at www.cmaj.ca/cgi/content/full
/174/6/801/DC1).29
Nonetheless, both physical activity and fitness are strong
predictors of risk of death.29 To obtain accurate estimates of
physical activity, many fitness consultants rely on primary
(criterion and “gold”) standards for the measurement of energy expenditure, such as direct observation of movement or,
in the laboratory, the doubly labelled water technique or indirect calorimetry.101 On a practical basis, however, measures of
physical activity and energy expenditure are obtained by using
heart rate monitors and motion sensors (pedometers and accelerometers). These devices will be briefly reviewed in the
companion article in the Mar. 28 issue.
The assessment of physical fitness is often not feasible or
practical in large population-based investigations. Fortu-
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training and flexibility exercises be performed at least twice a
week to maintain functional status, promote lifelong physical
activity and enhance overall quality of life.3,105

nately such studies have consistently shown an inverse gradient of health risk across self-reported physical activity groups.
From a public health perspective, Blair and colleagues6 have
argued that it is preferable to encourage people to become
more physically active rather than to become physically fit,
since, as they stated, sedentary people will likely achieve the
latter if they do the former.

How much physical activity is enough?
It is apparent that physical activity is essential in the prevention of chronic disease and premature death.14 However,
doubt remains over the optimal “volume” (frequency, duration and intensity of exercise) and the minimum volume for
health benefits, in particular the effects of intensity (e.g.,
moderate v. vigorous) on health status. There is evidence that
intensity of physical activity is inversely and linearly associated with mortality.14 Early work by Paffenbarger and associates106 revealed that regular physical activity (expending
> 2000 kcal [8400 kJ] per week) was associated with an average increase in life expectancy of 1 to 2 years by the age of 80
and that the benefits were linear even at lower levels of energy
expenditure. Subsequent studies have shown that an average
energy expenditure of about 1000 kcal (4200 kJ) per week is
associated with a 20%–30% reduction in all-cause mortality.14,106,107 Currently, most health and fitness organizations
and professionals advocate a minimum volume of exercise
that expends 1000 kcal (4200 kJ) per week and acknowledge
the added benefits of higher energy expenditures.
Recently, investigators have postulated that even lower
levels of weekly energy expenditure may be associated with
health benefits.107–109 A volume of exercise that is about half
of what is currently recommended may be sufficient,14 particularly for people who are extremely deconditioned or are
frail and elderly.6 Future research is required to determine
whether expending as little as 500 kcal (2100 kJ) per week

Improvements in indicators of health status can occur as a result of increasing physical activity levels in the absence of
changes in aerobic fitness. This is particularly evident in elderly populations, where regular physical activity can lead to
reductions in risk factors for chronic disease and disability3,9,10 without markedly changing traditional physiologic
performance markers (e.g., cardiac output and oxidative potential).3 Furthermore, routine physical activity can improve
musculoskeletal fitness.9,10 There is increasing evidence that
enhanced musculoskeletal fitness is associated with an improvement in overall health status and a reduction in the risk
of chronic disease and disability.9,10 This research has led to a
shift in focus in research related to the health benefits of activities that tax the musculoskeletal system.
Musculoskeletal fitness appears to be particularly important for elderly people and their ability to maintain functional
independence. In fact, many activities of daily living do not
require a large aerobic output but depend on one or more of
the musculoskeletal fitness components.9,10 As previously
stated,10 “Many healthy elderly people may be at or near the
functional threshold for dependence, wherein they are in
jeopardy of losing the capacity to carry out the activities of
daily living. With further worsening of musculoskeletal fitness, an individual may lose the capacity to perform daily activities, such as getting out of a chair or climbing stairs.” This
represents a cycle of decline, where reduced musculoskeletal
fitness leads to inactivity and further dependence. As illustrated in Fig. 3, improvements in musculoskeletal function
have an enormous potential for delaying or eliminating the
onset of disability, dependence and chronic disease.9,10 For
instance, previous longitudinal investigations have revealed
that people with high levels of muscular strength have fewer
functional limitations102,103 and lower incidences of chronic
diseases such as diabetes, stroke, arthritis, coronary artery
disease and pulmonary disorders.103
Two recent systematic reviews9,10 have revealed that enhanced musculoskeletal fitness is positively associated with
functional independence, mobility, glucose homeostasis,
bone health, psychological well-being and overall quality of
life and is negatively associated with the risk of falls, illness
and premature death. Interventions that improve musculoskeletal fitness appear to be particularly important for improving the health status of frail elderly people (who have a
low musculoskeletal reserve).9,10 This research has revealed
clearly the importance of engaging in activities that tax the
musculoskeletal system and is supported by findings from a
recent epidemiologic investigation.104 This evidence provides
direct support for the recent recommendation that resistance
CMAJ
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Fig. 3: Theoretical relation between musculoskeletal fitness and
independent living across a person’s lifespan. As a person ages,
his or her musculoskeletal fitness (i.e., muscular strength, muscular endurance, muscular power or flexibility) declines, such
that a small impairment may result in disability. Many elderly
people currently live near or below the functional threshold for
dependence. High levels of (or improvements in) musculoskeletal fitness will enhance the capacity to meet the demands of
everyday life and allow a person to maintain functional independence for a greater period.9,10
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offers health benefits. If so, then previously sedentary people
may be more likely to engage in physical activity and maintain an active lifestyle.
The dose–response relation between physical activity and
health status outlined above generally relates to cardiovascular disease and premature death from any cause. However,
the same may hold true for other activity-associated health
benefits. For instance, as mentioned earlier, moderately intense levels of exercise (≥ 5.5 METs for at least 40 minutes
per week) and of cardiovascular fitness (> 31 mL oxygen per
kilogram per minute) are effective preventive strategies
against type 2 diabetes.48 In patients with type 2 diabetes,
walking more than 2 hours per week has also been shown to
reduce the risk of premature death.49
With respect to cancer, a review of the literature revealed
that moderate physical activity (> 4.5 METs) for about 30–60
minutes per day had a greater protective effect against colon
and breast cancer than activities of low intensity.67 The greatest benefit for reducing the incidence of breast cancer was observed among women who engaged in 7 or more hours of
moderate-to-vigorous activity per week.110 Among patients
with established cancer, physical activity equivalent to walking 1 or more hours per week was associated with improved
survival compared with no exercise.74 The greatest benefit
was observed among cancer survivors who performed exercise equivalent to 3–5 hours per week at an average pace.74
With respect to osteoporosis, the dose–response relation
of physical activity is less clear. However, osteogenic adaptations appear to be load-dependent and site-specific.9,10,111 Accordingly, physical activities that require impact or significant
loading are therefore advocated for optimal bone health.
Running distances of up to 15–20 miles (24–32 km) per week
has been associated with the accrual or maintenance of bone
mineral density, but longer distances may be associated with
reduced bone mineral density.112

How does physical activity and fitness
lead to improved health outcomes?
Several biological mechanisms may be responsible for the reduction in the risk of chronic disease and premature death
associated with routine physical activity. For instance, routine
physical activity has been shown to improve body composition
(e.g., through reduced abdominal adiposity and improved
weight control),9,10,113–116 enhance lipid lipoprotein profiles
(e.g., through reduced triglyceride levels, increased highdensity lipoprotein [HDL] cholesterol levels and decreased
low-density lipoprotein [LDL]-to-HDL ratios),9,10,117–123 improve
glucose homeostasis and insulin sensitivity,3,9,10,124–126 reduce
blood pressure,127–130 improve autonomic tone,131,132 reduce
systemic inflammation;133 decrease blood coagulation,134,135
improve coronary blood flow,136 augment cardiac function137,138
and enhance endothelial function.139–142 Chronic inflammation,
as indicated by elevated circulating levels of inflammatory
mediators such as C-reactive protein, has been shown to be
strongly associated with most of the chronic diseases whose
prevention has benefited from exercise. Recent RCTs have
CMAJ

•

March 14, 2006

shown that exercise training may cause marked reductions in
C-reactive protein levels.143 Each of these factors may explain
directly or indirectly the reduced incidence of chronic disease
and premature death among people who engage in routine
physical activity.
Routine physical activity is also associated with improved
psychological well-being (e.g., through reduced stress, anxiety and depression9,10,144). Psychological well-being is particularly important for the prevention and management of cardiovascular disease, but it also has important implications for
the prevention and management of other chronic diseases
such as diabetes, osteoporosis, hypertension, obesity, cancer
and depression.
Changes in endothelial function may be a particularly important adaptation to routine physical activity. Endothelial
dysfunction has been observed with aging, smoking and multiple chronic disease states, including coronary artery disease,
congestive heart failure, stroke, type 2 diabetes, hypertension,
hypercholesterolemia and obesity.116 Regular aerobic activity
has been found to improve vascular function in adults independent of changes in other risk factors142,145 and has been
said to result in a shear-stress–mediated improvement in endothelial function,116 which confers a health benefit to a number of disease states.146
Although most research into the mechanisms of how
physical activity and fitness improve health outcomes has
dealt with the relation between cardiovascular disease and
physical activity, researchers have also evaluated the primary
mechanisms responsible for decreases in the risk and severity
of individual disease states. In fact, despite the adaptations
that are of global benefit for multiple disease states, physical
activity also results in specific adaptations that affect individual disease states. For instance, in type 2 diabetes, adaptations that affect glucose homeostasis are of great importance.
As reviewed by Ivy,147 a series of changes (independent of
changes in body mass64) occur as a result of regular physical
activity, including increased glycogen synthase148 and hexokinase activity,149 increased GLUT-4 protein and mRNA expression,148,150 and improved muscle capillary density (resulting in improved glucose delivery to the muscle).149 A series of
mechanisms may explain the 46% reduction in cancer rates
observed with regular physical activity,66 including reductions
in fat stores,66 increased energy expenditure offsetting a highfat diet,66 activity-related changes in sex hormone levels, immune function, insulin and insulin-like growth factors, freeradical generation,151 and direct effects on the tumour.151
The majority of proposed mechanisms have been discussed in the context of chronic adaptations brought about by
routine physical activity. However, researchers have recently
examined the importance of acute changes in risk factors for
chronic disease.152 An excellent review of the topic by Thompson and colleagues revealed that acute, dynamic exercise may
result in transient changes in the form of reductions in
triglyceride levels, increases in HDL cholesterol level, decreases in blood pressure (for 12–16 hours), reductions in insulin resistance and improvements in glucose control. 152
These acute changes indicate the important role individual
exercise sessions have on health status.
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Summary
There is incontrovertible evidence that regular physical activity
contributes to the primary and secondary prevention of several
chronic diseases and is associated with a reduced risk of premature death. There appears to be a graded linear relation between the volume of physical activity and health status, such
that the most physically active people are at the lowest risk.
However, the greatest improvements in health status are seen
when people who are least fit become physically active. The
current activity guidelines promoted by Health Canada appear
to be sufficient to reduce health risk. People who engage in
exercise at levels above those recommended in the guidelines
are likely to gain further health benefits. Health promotion
programs should target people of all ages, since the risk of
chronic disease starts in childhood and increases with age.
In the next issue, we will review how to evaluate the healthrelated physical fitness and activity levels of patients and will
provide exercise recommendations for health.
This article has been peer reviewed.
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Appendix 1: A glossary of commonly used terms
Active daily living: The implementation of physical activity
as an integral and meaningful part of daily living
Activities of daily living: The activities one engages in
during daily life
Aerobic training: An exercise program that incorporates
activities that are rhythmic in nature, using large muscle
groups at moderate intensities for 3 to 5 days per week
Cardiovascular fitness: The ability to transport and use
oxygen during prolonged, strenuous exercise or work.
It reflects the combined efficiency of the lungs, heart,
vascular system and exercising muscles in the transport
and use of oxygen
Exercise: Structured and repetitive physical activity
designed to maintain or improve physical fitness
Health-related physical fitness: The components of physical
fitness that are related to health status, including
cardiovascular fitness, musculoskeletal fitness, body
composition and metabolism
Heart rate reserve: The difference between the maximum
heart rate (predicted or determined directly) and the resting
heart rate (HRmax — HRrest)
% heart rate reserve: This formula takes into account the
resting and maximum heart rates to provide an appropriate
target heart rate (or range) for training:
Training heart rate = ([HRmax — HRrest] × 40%–85%) + HRrest
Maximum aerobic power: The maximum amount of oxygen
that can be transported and used by the working muscles;
also known as maximal oxygen consumption (VO2max)
Metabolic equivalent (MET): An estimate of one’s resting
metabolic rate while sitting quietly (1 MET = 3.5 mL oxygen
per kilogram per minute, or 1 kcal [4.2 kJ] per kilogram
per hour)
Musculoskeletal fitness: The fitness of the musculoskeletal
system, encompassing muscular strength, muscular
endurance, muscular power, flexibility, back fitness and
bone health
Physical activity: All leisure and non-leisure body
movements resulting in an increased energy output from
the resting condition
Physical fitness: A physiologic state of well-being that
allows one to meet the demands of daily living or that
provides the basis for sport performance, or both
Quality of life: An overall satisfaction and happiness with
life. It includes the facets of physiologic, emotional,
functional and spiritual well-being
Resistance training: An exercise program that uses
repeated, progressive contractions of specific muscle groups
to increase muscle strength, endurance or power
VO2 reserve: The difference between the maximum and
resting oxygen consumption (VO2max — VO2rest)
% VO2 reserve: This formula takes into account the resting
and maximum oxygen consumption to provide an appropriate
level (or range) for training:
Training VO2 = ([VO2max — VO2rest] × 40%–85%) + VO2rest
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