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Abstract

This systematic review examines critically the scientific basis for Canada’s Physical Activity Guide for Healthy Active
Living for adults. Particular reference is given to the dose-response relationship between physical activity and pre-
mature all-cause mortality and seven chronic diseases (cardiovascular disease, stroke, hypertension, colon cancer,
breast cancer, type 2 diabetes (diabetes mellitus) and osteoporosis). The strength of the relationship between phy-
sical activity and specific health outcomes is evaluated critically. Literature was obtained through searching electro-
nic databases (e.g., MEDLINE, EMBASE), cross-referencing, and through the authors’ knowledge of the area. For
inclusion in our systematic review articles must have at least 3 levels of physical activity and the concomitant risk
for each chronic disease. The quality of included studies was appraised using a modified Downs and Black tool.
Through this search we identified a total of 254 articles that met the eligibility criteria related to premature all-
cause mortality (N = 70), cardiovascular disease (N = 49), stroke (N = 25), hypertension (N = 12), colon cancer (N =
33), breast cancer (N = 43), type 2 diabetes (N = 20), and osteoporosis (N = 2). Overall, the current literature sup-
ports clearly the dose-response relationship between physical activity and the seven chronic conditions identified.
Moreover, higher levels of physical activity reduce the risk for premature all-cause mortality. The current Canadian

all-cause mortality.

guidelines appear to be appropriate to reduce the risk for the seven chronic conditions identified above and

Introduction
There is considerable literature supporting the impor-
tance of habitual physical activity in the primary and
secondary prevention of varied chronic conditions
[1-16]. Routine physical activity is thought to be of ben-
efit for over 25 chronic conditions [17]. Seven chronic
diseases in particular have been associated with a physi-
cally inactive lifestyle including coronary artery disease,
stroke, hypertension, colon cancer, breast cancer, type 2
diabetes (diabetes mellitus) and osteoporosis [18-20].
Canada has played a leading role in the development
of physical activity guidelines for individuals across the
lifespan. This includes the development (in 1998) of
“Canada’s Physical Activity Guide to Healthy Active Liv-
ing” for adults between the ages of 20 and 55 yr [21],
which was followed by “Canada’s Physical Activity
Guide to Healthy Active Living for Older Adults” [22],
and “Canada’s Physical Activity Guide to Healthy Active
Living for Children and Youth” [23]. The adult
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guidelines (which are now approximately 10 years old)
state generally that 20-55 yr adults should accumulate
60 min of daily physical activity or 30 min of moderate
to vigorous exercise on at least 4 days a week [18,19].
We reported recently that Canada’s adult guidelines
were consistent with other international guidelines and
were supported by a compelling body of literature
[18,19]. We revealed strong evidence that routine physi-
cal activity was effective in the primary prevention of car-
diovascular disease, stroke, hypertension, breast cancer,
colon cancer, type 2 diabetes and osteoporosis. More-
over, physical activity appears to play an important role
in the prevention of obesity and obesity-related co-mor-
bidities. However, implicit in the adult guidelines is the
belief that there is a dose-response relationship between
physical activity and the associated health benefits. More-
over, a central belief in these guidelines and most inter-
national physical activity guidelines is that the dose-
response relationship is curvilinear with the greatest
health benefits seen in physically inactive individuals who
become “more physically active.” In fact, a consistent pat-
tern (shown in Figure 1) has been hypothesized, wherein
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Figure 1 Theoretical relationship between the risk for chronic
disease and physical activity/fitness.

there are marked changes in health status with relatively
minor increments in physical activity/fitness in indivi-
duals that are the least active/fit. Generally, the health
benefits have been thought to level off at the upper end
of the physical activity/fitness continuum (Figure 1).
However, recent work (such as that provided by Gledhill
and Jamnik in the Canadian Physical Activity and Life-
style Approach) has speculated that there are likely mul-
tiple dose-response curves for various endpoints [24].
The primary purpose of this systematic review was to
examine critically the current literature to determine
whether or not a dose-response relationship exists
between habitual physical activity and chronic disease.
In particular, we sought to determine whether the key
messaging “Every little bit counts, but more is even bet-
ter - everyone can do it!” of the adult physical activity
guidelines is supported by a strong body of evidence.
Due to the breadth of literature, we have chosen to
focus on the relationship between physical activity and
all-cause mortality, and the seven chronic conditions
that are thought to be reduced greatly with habitual
physical activity (i.e., cardiovascular disease (excluding
stroke), stroke, hypertension, colon cancer, breast can-
cer, type 2 diabetes and osteoporosis) (see Table 1).
Owing to the nature of the physical activity guidelines,
the emphasis of this paper was on primary prevention,
despite the clear evidence that routine physical activity
is also an effective secondary preventative strategy
against many chronic conditions [16,18,19]. Accordingly,
our primary objectives were to examine the evidence for
a dose-response relationship between: 1) physical activ-
ity and all-cause mortality, and 2) physical activity and
incidence of the following chronic conditions (cardiovas-
cular disease (except stroke), stroke, hypertension, type
2 diabetes, colon cancer, breast cancer, and osteoporosis.
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Table 1 Relative risks (RR) and population attributable
risks (PAR%) for physical inactivity in Canada, Australia,
and the USA.

Canada Australia USA

Disease RR PAR% RR PAR% RR PAR%
CHD 145 194 1.5 18 20 22
Stroke 1.60 243 20 16 na Na
Hypertension 1.30 13.8 na na 1.5 12
Colon Cancer 141 18.0 1.5 19 20 22
Breast Cancer 1.31 14.2 1.1 9 1.2 5
Type 2 Diabetes  1.50 21.1 13 13 1.5 12
Osteoporosis 1.59 240 14% 18* 20 18*

Source: Canadian Data [20]; Australian Data [161]; US Data: [162]. *Evaluated
the incidence of falls/fractures.

Methods

Criteria for considering studies for this review

Our research team utilized a rigorous, systematic, and
evidence-based approach to examine critically the levels
of evidence on physical activity and the risk for prema-
ture mortality and chronic disease. Any studies that
evaluated the relationship between at least three differ-
ent levels of physical activity and mortality or incidence
of chronic disease were eligible for inclusion. Therefore,
excluded studies included those that examined only the
most active versus least active populations (e.g., seden-
tary/inactive vs. physically active). Any form of physical
activity/exercise measurement (e.g., self-report, ped-
ometer, accelerometer, maximal aerobic power (VO,
max)) was eligible for inclusion. The key outcomes were
mortality and incidence of chronic disease. Only pub-
lished, English language studies examining adults (e.g.,
19-65 yr) were included. Participants must have pre-
viously been healthy (asymptomatic) adults without
established chronic disease. There was no restriction
according to study design.

To examine the relative risk reductions associated
with physical activity, we calculated the mean and med-
ian risk reductions across studies focusing on the high-
est level versus the lowest level of physical activity/
fitness. For each study we also determined whether or
not a dose-response relationship was present (i.e.,
reflecting a progressive decrease in the risk with increas-
ing physical activity/fitness levels).

Search strategy
Literature searches were conducted in the following
electronic bibliographical databases:

+« MEDLINE (1950-March 2008, OVID Interface);
« EMBASE (1980- March 2008, OVID Interface),
« CINAHL (1982- March 2008, OVID Interface);
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+ PsycINFO (1840- March 2008, Scholars Portal
Interface);

« Cochrane Library (-March 2008),

+ SPORTDiscus (-March 2008).

The Medical Subject Headings (MeSH) were kept
broad. See tables 2, 3, 4, 5, 6, 7, 8 and 9 for the com-
plete search strategy and keywords used. The electronic
search strategies were created and carried out by
researchers experienced with systematic reviews of the
literature (DW and LN). The citations and applicable
electronic versions of the article (where available) were
downloaded to an online research management system
(RefWorks, Bethesda, Maryland, USA).

Screening
Two reviewers (LN and SC) screened independently the
title and abstract of the citations to identify potential

Table 2 Results of the MEDLINE literature search
regarding all-cause mortality.

# Searches (28 Feb 2008) Results
1 exp Physical Fitness/ 15236
2 Motor Activity/ 49721
3 exp Physical Endurance/ 15383
4 exp Exercise/ 57742
5 exp Exertion/ 88903
6 exp Sports/ 71887
7 exp exercise therapy/ 17231
8 exp exercise tolerance/ 4192
9 exp health behaviour/ 59409
10 leisure time physical activity.mp 996
11 occupational physical activity.mp 190
12 exp Pliability/ 2279
13 exp Muscle Strength/ 5717
14 musc$ power.mp 965
15 exp Back/ 12821
16 Tor2or3or4or5or6or7or8or9ori0orilor 291635
12 or 13 or 14 or 15
17 dose-response.mp 321066
18 intensity.mp 142881
19 volume.mp 298471
20 exp Energy Metabolism/ 206808
21 exp oxygen consumption/ 83352
22 exp time factors/ 763712
23 17 or 18 or 19 or 20 or 21 or 22 1651633
24 16 and 23 67698
25 exp Mortality/ 190058
26 all cause mortality.mp 4618
27 25 o0r 26 192720
28 24 and 27 421
29 limit 28 to (english and humans and “all adult (19 plus 279
years)”)
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Table 3 Results of the MEDLINE literature search
regarding cardiovascular disease.

Search Searches (3 Mar 2008) Results
#
1 exp Physical Fitness/ 15244
2 Motor Activity/ 49751
3 exp Physical Endurance/ 15408
4 exp Exercise/ 57806
5 exp Exertion/ 88967
6 exp Sports/ 71931
7 exp exercise therapy/ 17243
8 exp exercise tolerance/ 4205
9 exp health behaviour/ 59467
10 leisure time physical activity.mp 998
11 occupational physical activity.mp 191
12 exp Pliability/ 2289
13 exp Muscle Strength/ 5731
14 musc$ powermp 965
15 exp Back/ 12822
16 lor2or3or4or5or6or7or8or9orl0or 291817

1M or12or 13 or 14 or 15

17 dose-response.mp 321198
18 intensity.mp 142955
19 volume.mp 298620
20 exp Energy Metabolism/ 206886
21 exp oxygen consumption/ 83387
22 exp time factors/ 764091
23 17 or 18 or 19 or 20 or 21 or 22 1652372
24 16 and 23 67760
25 exp Cardiovascular Diseases/ 1411730
26 exp Heart diseases/ 675083
27 exp Myocardial infarction/ 116070
28 exp Death, Sudden Cardiac/ 6772
29 exp Coronary Artery Disease/ 18137
30 exp Coronary Disease/ 144236
31 exp Vascular Diseases 1018275
32 25 or 26 or 27 or 28 or 29 or 30 or 31 1411730
33 24 and 32 9603
34 limit 33 to (english language and humans and “all 5544

adult (19 plus years)")

articles for inclusion. Duplicate citations were removed.
The reviewers were not blinded to the authors or jour-
nals. Biographies of key studies and reviews in the field
were also cross-referenced for further articles. For those
articles that appeared relevant, the full text was
obtained and data was extracted using a common tem-
plate. In cases of disagreement, discussion with a third
reviewer (DW) was used to achieve consensus. Full
(100%) consensus was achieved. All studies that were
excluded during the citation and full-article screening
processes were recorded along with the reasons for
exclusion.
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Table 4 Results of the MEDLINE literature search
regarding stroke.
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Table 5 Results of the MEDLINE literature search
regarding hypertension.

Search Searches (29 Feb 2008) Results  Search Searches (3 Mar 2008) Results
# #
1 exp Physical Fitness/ 15241 1 exp Physical Fitness/ 15244
2 Motor Activity/ 49744 2 Motor Activity/ 49751
3 exp Physical Endurance/ 15387 3 exp Physical Endurance/ 15408
4 exp Exercise/ 57764 4 exp Exercise/ 57806
5 exp Exertion/ 88921 5 exp Exertion/ 88967
6 exp Sports/ 71907 6 exp Sports/ 71931
7 exp exercise therapy/ 17237 7 exp exercise therapy/ 17243
8 exp exercise tolerance/ 4196 8 exp exercise tolerance/ 4205
9 exp health behaviour/ 59430 9 exp health behaviour/ 59467
10 leisure time physical activity.mp 996 10 leisure time physical activity.mp 998
11 occupational physical activity.mp 190 11 occupational physical activity.mp 191
12 exp Pliability/ 2288 12 exp Pliability/ 2289
13 exp Muscle Strength/ 5720 13 exp Muscle Strength/ 5731
14 musc$ power.mp 965 14 musc$ powermp 965
15 exp Back/ 12821 15 exp Back/ 12822
16 lTor2or3or4or5or6or7or8or9oril0or 291718 16 lor2or3or4or5or6or7or8or9orl0or 291817
11 or12or 13 or 14 or 15 1M or12or 13 or 14 or 15
17 dose-response.mp 321133 17 dose-response.mp 3211987
18 intensity.mp 142919 18 intensity.mp 142955
19 volume.mp 298526 19 volume.mp 298620
20 exp Energy Metabolism/ 206837 20 exp Energy Metabolism/ 206886
21 exp oxygen consumption/ 83359 21 exp oxygen consumption/ 83387
22 exp time factors/ 763871 22 exp time factors/ 764091
23 17 or 18 or 19 or 20 or 21 or 22 1651958 23 17 or 18 or 19 or 20 or 21 or 22 1652372
24 16 and 23 67720 24 exp Hypertension/ 168466
25 exp Stroke/ 45243 25 exp Blood Pressure/ 205571
26 exp Cerebrovascular Disorders/ 196243 26 exp Blood Pressure Determination/ or exp Blood 18244
27 exp Brain Ischemia/ 58943 Pressure Monitoring, Ambulatory/ or exp Blood
28 exp Brain Infarction/ or exp Cerebral Infarction 21357 27 Pressure Monitors/24 or 25 or 26 336025
29 exp Infarction, Middle Cerebral Artery/ or exp 46725 28 16 and 23 and 27 5647
Intracranial Aneurysm/ or exp Subarachnoid 29 limit 28 to (english language and humans and “all 3642
30 Hemorrhage/ or exp Cerebral Hemorrhage/exp 14753 adult (19 plus years)’)
Ischemic Attack, Transient/
31 25 or 26 or 27 or 28 or 29 or 30 196243
32 24 and 3] 692  Level of Evidence
33 limit 32 to (english language and humans and “all 291  The approach used to establish the level and grade of

adult (19 plus years)")

Data Extraction

Two reviewers (LN and SC) completed standardized
data extraction forms, which were verified by two other
reviewers (DW and SB). We extracted information
regarding the study design, the country where the study
was conducted, the participant characteristics, the sam-
ple size, the objectives of the study, the methodologies
employed, the major outcomes (i.e., mortality, incidence
of chronic disease, physical activity levels/classifications),
and the comments and conclusions made based on the
findings of the study. The reviewers were not blinded to
the journal or the author names when extracting infor-
mation from the articles.

evidence was consistent with that used during creation
of the “Canadian clinical practice guidelines on the
management and prevention of obesity in adults and
children” [25]. The level of evidence provides informa-
tion regarding the strength of the evidence in favour of
physical activity/exercise in the primary prevention of
premature mortality and the seven chronic diseases of
primary interest. This evaluation process is based on a
pre-defined and objective criteria (see Table 10).

The grade for each article provides information
regarding whether physical activity is effective in the pri-
mary prevention of the varied conditions evaluated
(Table 10). Where applicable this grade informs the
reader about the potential risk of the physical activity. A
study that receives the highest grading would indicate
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Table 6 Results of the MEDLINE literature search
regarding colon cancer.
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Table 7 Results of the MEDLINE literature search
regarding breast cancer.

Search Searches (3 Mar 2008) Results  Search Searches (28 Feb 2008) Results
# #
1 exp Physical Fitness/ 15244 1 exp Physical Fitness/ 15236
2 Motor Activity/ 49751 2 Motor Activity/ 49721
3 exp Physical Endurance/ 15408 3 exp Physical Endurance/ 15383
4 exp Exercise/ 57806 4 exp Exercise/ 57742
5 exp Exertion/ 88967 5 exp Exertion/ 88903
6 exp Sports/ 71931 6 exp Sports/ 71887
7 exp exercise therapy/ 17243 7 exp exercise therapy/ 17231
8 exp exercise tolerance/ 4205 8 exp exercise tolerance/ 4192
9 exp health behaviour/ 59467 9 exp health behaviour/ 59409
10 leisure time physical activity.mp 998 10 leisure time physical activity.mp 996
11 occupational physical activity.mp 191 11 occupational physical activity.mp 190
12 exp Pliability/ 2289 12 exp Pliability/ 2279
13 exp Muscle Strength/ 5731 13 exp Muscle Strength/ 5717
14 musc$ power.mp 965 14 musc$ powermp 965
15 exp Back/ 12822 15 exp Back/ 12821
16 lTor2or3or4or5or6or7or8or9oril0or 291817 16 lor2or3or4or5or6or7or8or9orl0or 291635

11 or12or 13 or 14 or 15 1M or12or 13 or 14 or 15
17 dose-response.mp 321198 17 dose-response.mp 321066
18 intensity.mp 142955 18 intensity.mp 142881
19 volume.mp 298620 19 volume.mp 298471
20 exp Energy Metabolism/ 206886 20 exp Energy Metabolism/ 206808
21 exp oxygen consumption/ 83387 21 exp oxygen consumption/ 83352
22 exp time factors/ 764091 22 exp time factors/ 763712
23 17 or 18 or 19 or 20 or 21 or 22 1652372 23 17 or 18 or 19 or 20 or 21 or 22 1651633
24 exp Colonic Neoplams/ 51780 24 exp Breast Neoplasms/ 149817
25 exp Rectal Neoplasms/ 28011 25 16 and 23 and 24 296
26 exp Colorectal Neoplasms/ 99982 26 limit 25 to (54 nglish language and humans and “all 216
27 exp Colorectal Neoplasms/, Hereditary 117563 adult (19 plus years)’
Nonpolyposis/ or exp Intestinal Neoplasms.

28 24 or 25 or 26 or 27 117563
29 16 and 23 and 28 j0s  Results
30 limit 29 to (53nglish language and humans and “all 77 Physical Inactivity and All-Cause Mortality

adult (19 plus years)")

that the benefits clearly outweigh the risks and receive a
strong recommendation.

Quality Assessment

The quality of each study was also established using the
procedures of Gorber et al. [26]. Owing to the fact that
only observational study designs were included in our
systematic review, we used the Downs and Black [27]
scale to assess the quality of non-randomized investiga-
tions. Similar to the work of Prince et al. [28] we chose
to include the most relevant components of the scoring
tool. Therefore, a modified version of the Downs and
Black checklist was used with the final checklist consist-
ing of 15 items with a maximum score of 15 points.
Higher points reflected a superior quality of
investigation.

A total of 2040 citations were identified during the elec-
tronic database search (Figure 2). Of these citations, 288
were identified in MEDLINE, 222 in EMBASE, 496 in
Cochrane, and 1034 in the CINAHL/SportDiscus/Psy-
chlnfo search. A total of 167 duplicates were found,
leaving a total of 1873 unique citations. A total of 1696
articles were excluded after scanning, leaving a total of
177 articles for full review. From these articles 130 were
excluded after full review leaving 47 articles for inclu-
sion in the systematic review. An additional 23 articles
were added to the review based on the authors’ knowl-
edge of the area. The reasons for exclusion included
review articles (n = 26), commentary (n = 10), did not
report 3 levels of physical activity (n = 24), no objective
measure of physical activity (n = 2), report (n = 15), not
a formal study (n = 11), not related to all-cause mortal-
ity (n = 27), the participants were too young (n = 1),
not able to retrieve articles (n = 7), and other (n = 7).
Therefore, a total of 70 articles were included in the
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Table 8 Results of the MEDLINE literature search
regarding type 2 diabetes.
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Table 9 Results of the MEDLINE literature search
regarding osteoporosis.

Search Searches (29 Feb 2008) Results  Search Searches (29 feb 2008) Results
# #
1 exp Physical Fitness/ 15241 1 exp Physical Fitness/ 15241
2 Motor Activity/ 49744 2 Motor Activity/ 49744
3 exp Physical Endurance/ 15387 3 exp Physical Endurance/ 15387
4 exp Exercise/ 57764 4 exp Exercise/ 57764
5 exp Exertion/ 88921 5 exp Exertion/ 88921
6 exp Sports/ 71907 6 exp Sports/ 71907
7 exp exercise therapy/ 17237 7 exp exercise therapy/ 17237
8 exp exercise tolerance/ 4196 8 exp exercise tolerance/ 4196
9 exp health behaviour/ 59430 9 exp health behaviour/ 59430
10 leisure time physical activity.mp 996 10 leisure time physical activity.mp 996
11 occupational physical activity.mp 190 11 occupational physical activity.mp 190
12 exp Pliability/ 2288 12 exp Pliability/ 2288
13 exp Muscle Strength/ 5720 13 exp Muscle Strength/ 5720
14 musc$ power.mp 965 14 musc$ powermp 965
15 exp Back/ 12821 15 exp Back/ 12821
16 lTor2or3or4or5or6or7or8or9or 291718 16 lor2or3or4or5or6or7or8or9or 291718
10or11orl12or13or14ori15 10or11ori12or13or14or15
17 dose-response.mp 321133 17 dose-response.mp 321133
18 intensity.mp 142919 18 intensity.mp 142919
19 volume.mp 298526 19 volume.mp 298526
20 exp Energy Metabolism/ 206837 20 exp Energy Metabolism/ 206837
21 exp oxygen consumption/ 83359 21 exp oxygen consumption/ 83359
22 exp time factors/ 763871 22 exp time factors/ 763871
23 17 or 18 or 19 or 20 or 21 or 22 1651958 23 17 or 18 or 19 or 20 or 21 or 22 1651958
24 16 and 23 67720 24 exp Osteoporosis, Postmenopausal/ or exp 31532
25 exp Blood Glucose/or exp Diabetes Mellitus, Type 2/ 132583 Osteoporosis/
26 exp Hyperglycemia/ 16214 25 exp Fractures, Bone/ or exp Bone Density/ 125269
27 exp Glucose Intolerance/ or exp Glucose Tolerance 24986 26 exp Bone Diseases/ or exp Bone Diseases, 308084
Test/ Metabolic/
28 exp Hyperinsulinism/ 30490 27 exp “Bone and bones'/ 369634
29 25 or 26 or 27 or 28 165157 28 exp Tensile Strength/ 12050
30 29 and 24 3006 29 exp Compressive Strength 2838
31 Limit 30 to (english language and humans and “all 1985 30 24 or 25 or 26 or 27 or 28 or 29 642158
adult (19 plus years)") 31 16 and 23 and 30 2138

systematic review of the literature regarding the rela-
tionship between physical activity and premature
mortality.

The majority of the studies included in our systematic
review were prospective cohort investigations (Table
11). These studies involved a total of 1,525,377 partici-
pants; averaging 21,791 participants per study (range
302-252,925). There were a total of 111,125 reported
cases of premature all-cause mortality (ranging per
study from 43-10,952). The total length of study follow-
up for the prospective cohort studies averaged 11.1 yr
(ranging from 0.5-28 yr). The articles were published
over a 22 yr period ranging from 1985 to 2007. These
studies involved large samples of men and women from
regions throughout the world.

32 limit 31 to (english language and humans and “all 1193
adult (19 plus years)")

We observed a mean 31% lower risk for all-cause mortal-
ity in the most active individuals. The median risk reduc-
tion was 32%. It is important to highlight that many of
these studies included women, with sub-analyses that
revealed similar risk reductions between sexes. Our find-
ings are consistent with previous reports [15,16,29-31]. The
majority (90%) of the studies supported the health benefits
of physical activity demonstrating a significant risk reduc-
tion in physically active individuals. The level of evidence
would be considered to be a Level 2A based on the presence
of overwhelming evidence from observational trials. The
studies examined were generally of a good quality with a
mean (and median) score of 12 out of 15 (range 10-14).
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Table 10 The levels and grade of evidence scaling criteria applied to the articles.

Level of Evidence

Criteria

Level 1 Randomized control trials without important limitations
Level 2 + Randomized control trials with important limitations
« Observational studies (non-randomized clinical trials or cohort studies) with overwhelming evidence
Level 3 Other observational studies (prospective cohort studies, case-control studies, case series)
Level 4 Inadequate or no data in population of interest

Anecdotal evidence or clinical experience

Grade of Evidence

Criteria

Grade A Strong recommendation (action can apply to most individuals in most circumstances)
« Benefits clearly outweigh risks (or vice-versa)
- Bvidence is at Level 1, 2, or 3
Grade B Weak recommendation (action may differ depending on individual's characteristics or other circumstances)
- Unclear if benefits outweigh risks
- Evidence is at Level 1, 2, or 3
Grade C Consensus recommendation (alternative actions may be equally reasonable)

« Unclear if benefits outweigh risks
- Evidence is at Level 3 or 4

A clear dose-response relationship was also observed
with marked reductions in the risk for all-cause mortal-
ity occurring with relatively small increments in physical
activity (Figure 3). To examine more closely the tem-
poral relationship between physical activity and all-cause
mortality we calculated the (unadjusted) relative risks
associated with incremental levels of physical activity/fit-
ness using the reported cases of all-cause mortality and
the number of participants (per group) in each investi-
gation. In some instances, we were required to calculate
the number of participants based on the reported inci-
dence rates and person years, or based on data obtained
directly from the authors (2 investigations). We were
not able to obtain this information in 18 investigations,
and as such this analysis was restricted to the remaining
52 investigations. There was considerable variability in
the methods of classifying the physical activity/fitness
levels of the participants. Accordingly, Figure 3 illus-
trates the mean relative risk reduction according to
three separate study types including those that subdi-
vided participants into tertiles, quartiles and quintiles,
respectively. This figure demonstrates clearly the dose-
response relationship between physical activity and all-
cause mortality. Collectively, the literature is consistent
indicating that the current Canadian guidelines
(approximately 4.2 MJ/wk, 1000 kcal/wk) are associated
with a 20-30% lower risk for premature all-cause mor-
tality, with greater health benefits with high volumes
and/or intensities of activity. In our analyses it was
apparent that the greatest differences in risk occurred
between the lowest adjacent activity/fitness categories,
suggesting that sedentary individuals can markedly

reduce their risk for all-cause mortality with relatively
minor increments in physical activity. This is consistent
with the current messaging of Canada’s physical activity
guidelines.

The strength of the relationship between physical fit-
ness and premature mortality has been well-established
[6,32,33]. In our analyses there were greater risk reduc-
tions in studies that took objective measures of physical
fitness. We observed an average risk reduction of
approximately 45%, which was consistent between men
and women. A risk reduction of greater than 50% was
not uncommon in these studies. For instance, Myers
et al. (2004) reported that being fit or physically active
was associated with greater than 50% lower mortality
risk in men. They also noted that a 4.2 MJ/wk (1000
kcal/wk) increase in physical activity, or a 1 metabolic
equivalent (MET) higher physical fitness level was asso-
ciated with a mortality benefit of around 20%. It is also
important to highlight that longitudinal studies evaluat-
ing changes in physical activity or fitness have revealed a
lower premature mortality risk [16,34-41]. As we pre-
viously reported, routine physical activity or elevated
physical fitness also appears to reduce the risk for pre-
mature mortality in individuals with risk factors for
chronic disease [42,43].

Implications

Since the seminal work of Morris and colleagues (in the
1950s [44,45]) and the early work of Paffenbarger (in
the 1970s [46,47]) there has been considerable research
(especially epidemiological evidence) documenting the
health benefits of engaging in routine physical activity
and/or being physically fit [17,48]. Both physical activity
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Citations from electronic database search:

MEDLINE 288
EMBASE 222
Cochrane 496
CINAHL/SportDiscus/PsycInfo 1034

Total Citations Downloaded to RefWorks:
Total in RefWorks 2040

l

Total with Duplicates Excluded (N = 1873)

!

Full Articles Assessed for Eligibility
after Scanning Titles (N=177)

Citations Excluded after Scanning
Titles (N = 1696)

)

Articles Excluded after Full Review (N
=130)

Reasons: review (N=26) comment
(N=10); not 3 levels of PA (N=24); no PA
(N=2); report (N=15); not a study (N=11);
not all-cause mortality (N=27); too young
(N=1); not able to retrieve articles (N=7);
other (N=7)

l

Articles Included (N=47) plus (N=23)
articles added at authors’ discretion

Total N=70

Figure 2 Results of the Literature Search for All-Cause
Mortality.

(a behaviour) and physical fitness (an attained state)
appear to be related to health status in a dose-depen-
dent fashion, with physical fitness demonstrating the
strongest relationship [18,19]. Numerous reports indi-
cate that physical inactivity and/or low physical fitness
are associated with an increased risk for chronic disease
and premature all-cause and disease-specific mortality
[2,43,49-51]. Some of the most compelling research
includes the relationship between physical activity/
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fitness and all-cause mortality. As demonstrated below
and in Table 11 and Figure 1, this literature is extensive.

The assessment of the relationship between all-cause
mortality is complicated by the inclusion of deaths
related to suicides, homicide, and accidents [18,19,52].
Nonetheless, the available evidence is incontrovertible;
individuals who are habitually physically active and/or
physically fit are at a markedly reduced risk for prema-
ture all-cause mortality [15,16,18,19]. In Canada, physi-
cal inactivity is a major cause of premature mortality
from diseases of the cardiovascular system (33.3%), can-
cers (29.1%), and type 2 diabetes (3.5%) [53]. Globally,
physical inactivity has been linked with 2 million prema-
ture deaths per year, including 22% of cases of coronary
heart disease, and 10-16% of cases of breast cancer,
colon cancer, rectal cancer and type 2 diabetes [54]. As
such, the promotion of the health benefits of physical
activity is of paramount importance for the effective
prevention of chronic disease and premature mortality
on a national and international scale.

In summary, there is a clear dose-response relation-
ship between physical activity and premature all-cause
mortality. Physically active individuals have an approxi-
mate risk reduction of 31% in comparison to physically
inactive individuals. When objective measures of aerobic
fitness are taken the risk reductions are even greater
approximating 45%.

Recommendation #1

For a reduced risk for premature mortality, it is
recommended that individuals should participate in
30 min or more of moderate to vigorous exercise on
most days of the week. Greater health benefits appear
to occur with higher volumes and/or intensities of
activity. [Level 2, Grade A]

Primary Prevention of Cardiovascular Disease

In our systematic search of the literature, a total of 9408
citations were identified during the electronic database
search (Figure 4). Of these citations, 5973 were identi-
fied in MEDLINE, 2561 in EMBASE, 193 in Cochrane,
and 681 in the CINAHL/SportDiscus/PsychInfo search.
A total of 923 duplicates were found, leaving a total of
8485 unique citations. A total of 8138 articles were
excluded after scanning, leaving a total of 347 articles
for full review. An additional 20 articles were added
through cross-referencing. From these articles 319 were
excluded after full review leaving 33 articles for inclu-
sion in the systematic review. The reasons for exclusion
included non-experimental studies (n = 45), only effect
on cardiovascular disease risk factors (n = 115), did not
report 3 levels of physical activity (n = 12), subjects less
than 18 yr of age (n = 4), reviews, summaries, disserta-
tions, thesis, and abstracts (n = 30), clinical population
(n = 14), not on cardiovascular disease or did not fit
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Figure 3 Mean relative risk reduction in all-cause mortality across physical activity/fitness categories.

definition of cardiovascular disease (n = 78), and other
(n = 19). Therefore, a total of 49 articles were included
in the systematic review of the literature regarding the
relationship between physical activity and the incidence
of cardiovascular disease.

The majority of the studies included in our systematic
review were prospective cohort investigations (Table
12). These studies involved a total of 726,474 partici-
pants; averaging 12,313 participants per study (range
680-88,393). There were a total of 34,815 reported cases
of cardiovascular disease (ranging per study from 42-
2,596). The total length of study follow-up for the pro-
spective cohort studies averaged 14.1 yr (ranging from
2-29 yr). The articles were published over a 32 yr period
ranging from 1975 to 2007. These studies involved large
samples of men and women from regions throughout
the world.

Similar to the all-cause mortality data, the risk for car-
diovascular disease demonstrates a graded inverse dose-
response relationship to physical activity and fitness.
The relative reduction in the incidence of cardiovascular
disease averages 33% (median risk reduction of 36%),

with greater risk reductions in studies that employed
objective measures of aerobic fitness. It is not uncom-
mon for studies to demonstrate a 50% or higher risk
reduction when an objective measure of physical fitness
was taken (Table 12). The importance of physical activ-
ity may actually be underestimated owing to multivariate
control for many confounding factors (as discussed pre-
viously) and the fact that effects of within-person varia-
tion in physical activity are often not considered [55].
The relative risk reduction appears to be similar for
men and women, and also appear to extend to non-
Caucasian populations [56]. Some evidence also exists
indicating that small amounts of physical activity are
associated with lower cardiovascular-disease related
mortality [57,58]. Similar to all-cause mortality, physical
activity confers health benefits independent of other
known risk factors [42,59]. Collectively, the level of evi-
dence would be considered to be Level 2A based on the
presence of overwhelming evidence from observational
trials. The quality of the investigations was generally
high with a mean (and median) Downs and Black score
of 12 (range 9-14).
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Citations from electronic database search:

MEDLINE 5973
EMBASE 2561
Cochrane 193

CINAHL/SportDiscus/PsycInfo 681

Total Citations Downloaded to RefWorks:
Total in RefWorks 9408

!

Total with Duplicates Excluded (N = 8485)

!

Full Articles Assessed for Eligibility
after Scanning Titles (N=347)

Citations Excluded after Scanning
Titles (N = 8138)

A 4

Articles added through referencing

(N=1)
!

Articles Excluded after Full Review (N
=319)

Reasons: non experimental (N= 45); only
effect on CVD risk factors (N=115); did
not include 3 levels of physical activity
(N=12); subjects less than 18 yrs old
(N=4); Reviews, summaries,
dissertations, thesis, and abstracts
(N=30); clinical population (N=14); not
on CVD or did not fit definition of CVD
(N=78); other (N=19)

}

Articles Included (N=28) plus (N=21)
articles added at authors discretion

Total N =49

Figure 4 Results of the Literature Search for Cardiovascular
Disease.

Implications

Research in the field began with the landmark work of
Morris and colleagues, which demonstrated that men in
physically demanding occupations (bus conductors and
postmen) had a significantly lower risk of heart disease
than individuals who worked in less demanding jobs
(bus drivers and office workers) [45]. Since then
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considerable research has examined the relationship
between physical activity and the risk for cardiovascular
disease. In fact, several systematic reviews of the litera-
ture have been developed regarding the role of habitual
physical activity in the primary and secondary preven-
tion of cardiovascular disease [33,60-62]. The research
to date has been consistent and compelling, habitual
physical activity reduces markedly the risk for cardiovas-
cular disease.

Based on the available literature, there is compelling
evidence that the recommendation of 30 min of moder-
ate intensity exercise on most days of the week (equiva-
lent to 4.2 MJ/wk or 1000 kcal/wk) reaches a threshold
associated with significant reductions in cardiovascular-
related mortality [32,63]. Brisk walking has also been
shown to be preferable to a slower pace [64]. However,
weekly exercise volumes of less than 4.2 MJ (1000 kcal)
may be cardio-protective [14,59,65-67]. For instance,
Lee et al. (2001) found that as little as 1 hr/wk of walk-
ing was associated with a 50% lower cardiovascular dis-
ease mortality in one sample of women. Wisloff et al.
[58] reported that a single weekly bout of self-reported
high intensity exercise was associated with a lower risk
of cardiovascular death relative to those reporting no
activity in both men (RR = 0.61, 95% CI = 0.49-0.75),
and women (RR = 0.49, 95% CI = 0.27-0.89). Moreover,
no additional benefit was seen with higher durations or
frequency of exercise sessions [58]. The authors stated
that this evidence challenges “current recommendations
that require at least 1000 kcal of caloric expenditure per
week to achieve exercise-induced protection against pre-
mature cardiovascular death.” However, this research is
in fact supportive of the Canadian guidelines which
recognize the potential health benefits of low volumes
of physical activity as reflected by the statement “Every
little bit counts, but more is even better - everyone can
do it!” It however should be noted that the statement
“more is even better” is supported by a strong evidence
base.

Recommendation #2

For a reduced risk for cardiovascular disease-
related events and mortality, it is recommended that
individuals participate in 30 min or more of moder-
ate to vigorous exercise on most days of the week.
Greater health benefits appear to occur with high
volume and/or intensities of activity. Health benefits
may also occur with as little as one hr of brisk walk-
ing per week. [Level 2, Grade A]

The Primary Prevention of Stroke

Stroke affects a significant proportion of Canadian
society with approximately 50,000 new cases each year
[68]. The relationship between physical activity and the
risk for stroke is compelling, supporting at least a 25-
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30% risk reduction in the most active individuals [31]. In
fact, in a review of the literature Katzmarzyk and Jans-
sen [20] reported that lack of physical activity carried a
relative risk of 1.60 (95% CI = 1.42-1.80) for stroke,
similar to or higher than that for coronary heart disease
(1.45), hypertension (1.30), colon cancer (1.41), breast
cancer (1.31), type 2 diabetes (1.50), and osteoporosis
(1.59).

In our systematic review of the literature, a total of
1104 citations were identified during the electronic data-
base search (Figure 5). Of these citations, 405 were iden-
tified in MEDLINE, 183 in EMBASE, 227 in Cochrane,
and 289 in the CINAHL/SportDiscus/PsychInfo search.

Citations from electronic database search:

MEDLINE 405
EMBASE 183
Cochrane 227
CINAHL/SportDiscus/Psyclnfo 289

Total Citations Downloaded to RefWorks:
Total in RefWorks 1104

Total with Duplicates Excluded (N = 1091)

)

Full Articles Assessed for Eligibility
after Scanning Titles (N=80)
Citations Excluded after Scanning
Titles (N=1011)

Articles added through referencing

(N=1)
|

Articles Excluded after Full Review (N
= 64)

Reasons: non experimental (N=16); did
not include 3 levels of physical activity
(N=14); Reviews, summaries (N=17)
dissertations, thesis, and abstracts (N=8);
other (N=9)

Articles Included (N=17) plus (N=8)
articles added at author’s discretion

Total N=25

Figure 5 Results of the Literature Search for Stroke.
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A total of 13 duplicates were found, leaving a total of
1091 unique citations. A total of 1011 articles were
excluded after scanning, leaving a total of 80 articles for
full review. An additional 9 articles were retrieved
through cross-referencing and the authors’ knowledge of
the field. From these articles 64 were excluded after full
review leaving 25 articles for inclusion in the systematic
review. The reasons for exclusion included non-experi-
mental/weak design (poor execution introducing bias)
(n = 16), did not contain three levels of physical activity
or not possible to determine dose-response relationship
(n = 14), reviews, summaries, meta-analyses (n = 17),
dissertations, thesis, abstracts (n = 8), and other (n = 9).
Therefore, a total of 25 articles were included in the sys-
tematic review of the literature regarding the relation-
ship between physical activity and the primary
prevention of stroke (Table 13).

The data providing dose-response information is all
observational in nature, involving both case control and
cohort investigations. These studies (predominantly pro-
spective cohort designs) included a total of 479,336 par-
ticipants; averaging 17,753 subjects per study (range
428-73,265). There were a total of 12,361 reported cases
of stroke (ranging per study from 32-2,863). The total
length of study follow-up for the prospective cohort stu-
dies averaged 13.2 yr (ranging from 6-26 yr). The arti-
cles were published over a 14 yr period ranging from
1993 to 2007. These studies involved large samples of
men and women from regions throughout the world
including studies from the USA (11), UK (2), Iceland
(1), Denmark (2), Norway (4), Netherlands (1), Finland
(2), Japan (1), Australia (1) and Greece (1). Very few
studies [69,70] examined non-Caucasian participants.

We found strong evidence that physical activity was
associated with a reduced risk for stroke. The level of evi-
dence was consistent with a Level 3A classification. We
observed an average risk reduction of 31% across all stu-
dies (median = 29%). In comparison to cardiovascular
disease, there was more variability in the risk reductions
in stroke in the highest activity/fitness group. The qual-
ity of the investigations was also generally quite good
with a mean (and median) Downs and Black score of 13
(range 11-15).

The risk reductions appear to be even greater in stu-
dies that assessed physical fitness directly. For instance,
in data from the Aerobics Center Longitudinal Study
[71] the high fitness group (estimated peak METs =
13.1) and the moderate fitness group (estimated peak
METs 10.5) had significantly lower risks of stroke mor-
tality (68 and 63%, respectively) than the least fit men
(estimated peak METs 8.5).

A dose-response relationship did emerge when exam-
ining the literature. However, as illustrated by others
this was extremely variable amongst studies and varied
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according to the type of stroke (ischemic or haemorrha-
gic) [52]. For instance, 12 studies (46%) revealed a dose-
response relationship in one or more measures of occu-
pational and/or leisure-time physical activity and the
risk for stroke. It is difficult to determine the minimal
and optimal physical activity dosage for the prevention
of stroke. Brisk walking has been associated with a
lower risk of total and ischemic stroke [72]. In the Har-
vard Alumni study, the risk of stroke was lower at a
weekly energy expenditure of 4.2-8.4 MJ/wk (1000-1999
kcal/wk) (RR = 0.76 (95% CI, 0.59 to 0.98)). With
expenditures of 8.4-12.6 MJ/wk (2000-2999 kcal/wk) the
RR dropped to 0.54 (0.38 to 0. 76) [73]. Thus, the
recommended daily expenditure of Canada’s physical
activity guidelines is sufficient to reduce the risk for
stroke. Further research is required to clearly determine
the risk reductions at exercise volumes less than 4.2 MJ/
wk (1000 kcal/wk).

In summary, the results of these studies (taken as a
whole) indicate that occupation- and leisure time-related
physical activity are inversely related to the risk for
stroke. Both physically active men and women have a
lower risk of stroke, and it appears that this benefit may
be present for both ischemic and haemorrhagic stroke
[74]. The relationship between physical activity and
stroke appears to be consistent between men and
women. Unfortunately, relatively limited data exists in
non-Caucasian populations.

Recommendation #3

For a reduced risk of stroke, it is recommended that
individuals should participate in 30 min or more of
moderate to vigorous exercise on most days of the
week. Brisk walking appears to be protective against
the development of stroke. It remains to be deter-
mined whether lower volumes of physical activity
lead to a reduced risk for stroke. [Level 3, Grade A]

Primary Prevention of Hypertension

A total of 6287 citations were identified during the elec-
tronic database search (Figure 6). Of these citations,
4054 were identified in MEDLINE, 1360 in EMBASE,
253 in Cochrane, and 620 in the CINAHL/SportDiscus/
Psychlnfo search. A total of 40 duplicates were found,
leaving a total of 6247 unique citations. A total of 6167
articles were excluded after scanning, leaving a total of
80 articles for full review. An additional five articles
were found through cross-referencing and the reviewers’
personal files. From these articles 72 were excluded after
full review for the following reasons: weak design (n =
4), did not contain three levels of physical activity or
not possible to determine dose-response relationship (n
= 19), reviews, summaries, meta-analyses (n = 8), not
dealing with hypertension (n = 2), only reported on
changes in blood pressure (n = 27), clinical population
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(n = 7), and other (n = 6). Therefore, a total of 12 arti-
cles were included in the systematic review of the litera-
ture regarding the relationship between physical activity
and the primary prevention of hypertension. The major-
ity of the literature examining the dose-response (for at
least three levels of physical activity/fitness) involved
prospective cohort analyses (83%).

As shown in Table 14, 12 investigations examined the
dose-response (i.e., three or more levels) relationship
between physical activity and the incidence of hyperten-
sion. This involved a total of 112,636 participants, aver-
aging 10,240 subjects per study (range 1,243-41,837).

Citations from electronic database search:

MEDLINE 4054
EMBASE 1360
Cochrane 253
CINAHL/SportDiscus/PsycInfo 620

Total Citations Downloaded to RefWorks:
Total in RefWorks 6287

Total with Duplicates Excluded (N=8186)

}

Full Articles Assessed for Eligibility
after Scanning Titles (N=80)

Citations Excluded after Scanning
Titles (N =8106)

}

Articles added through referencing

(N=5)

Articles Excluded after Full Review (N
=72)

Reasons: non experimental (N=4); not 3
levels of physical activity (N=19);
Reviews, summaries, meta-analyses
(N=8); not on hypertension (N=2); only
on change in blood pressure (N=27);
clinical population (N=7); other (N=6)

)

Articles Included Total N=12

Figure 6 Results of the Literature Search for Hypertension.
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There were a total of 11,441 reported cases of hyperten-
sion (ranging per study from 118-2,936). The total
length of study follow-up averaged 8.6 yr (ranging from
0-16 yr). The articles were published over a 24 yr period
ranging from 1983 to 2007.

All studies reviewed demonstrated positive effects of
physical activity on the risk for hypertension. Of these
studies all (7; 58%) revealed an inverse and graded rela-
tionship between hypertension and at least one measure
of physical activity or fitness. Across all studies, when
comparing the most active/fit group versus the least
active/fit group we found an average RR of 0.68 (median
= 0.70, range 0.37 to 0.90). Therefore, we observed that
physical activity/fitness was associated with an average
risk reduction of 32% for hypertension. It should be
noted that the study [75] demonstrating the largest risk
reduction (63%) evaluated cardiorespiratory fitness
directly during a maximal treadmill test. This supports
research (as discussed previously) which indicates that
physical fitness is a better predictor of chronic disease
than physical activity [6,18,19,32,33]. Taken as a whole,
the level of evidence can be classified as Level 3A. The
quality of studies was generally good with a mean Downs
and Black score of 11 (median = 11, range = 10-12).

Five studies showed variable results (i.e., no clearly
defined dose-response) while generally supporting the
inverse relationship between physical activity/fitness and
hypertension [76-80]. The variability in the response
appears to be the result of different activity/fitness clas-
sifications and/or differing subject populations. For
instance, some studies revealed that the dose-response
relationships differed between genders and/or ethnicities
[76,77]. Pereira et al. [76] revealed a 30% reduction in
the risk for hypertension in the most active white men.
There were graded dose-response relationships between
indices of both leisure and sport activities in the white
men.

However, there was a lack of association between phy-
sical activity and hypertension in white women and Afri-
can American men and women. Similarly, Haapenen et
al. [77] revealed a stronger association in men than in
women. However, it should be noted clearly that other
studies included in this systematic review evaluated
women demonstrating a graded response [81]. More-
over, several studies were conducted with non-Cauca-
sian populations and demonstrated a dose-dependent
benefit [82-85]. In fact, data was obtained from varied
regions of the world including USA (7), Japan (2), China
(1), and Finland (1). Therefore, there is evidence to sug-
gest that the protective effects of physical activity with
respect to hypertension are transferable to women and
non-Caucasian populations. However, further research is
clearly warranted that examines the relationship
between physical activity and hypertension in persons of
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different ethnicities. Moreover, further research is
needed to determine the effects of impact of socio-eco-
nomic status on the observed relationships.

Some studies have indicated that vigorous activity is
required to reduce the risk for hypertension. For
instance, Paffenbarger [78] revealed that Harvard
Alumni who did not engage in vigorous sports play
were at a 35% higher risk for developing hypertension.
However, there was no difference in the risk for hyper-
tension in men who climbed >50 stairs per day, walked
more than 5 city blocks daily, or engaged in light sports
only. Similarly, the Paffenbarger and Lee [79] study
revealed that moderately vigorous sports play was asso-
ciated with a lower risk for hypertension, but physical
activity (kcal/wk), walking distance (km/wk) and the
amount of stairs climbed (floors/wk) were not signifi-
cant predictors of the risk for hypertension. Collectively,
this research group concluded that these findings high-
lighted the importance of the intensity of effort.

However, it should be noted that many of the studies
in our systematic review observed the protective effect
with moderate intensity physical activities. Findings
from randomized controlled trials have also provided
strong evidence that moderate intensity aerobic exercise
is sufficient to reduce blood pressure and the risk for
hypertension, particularly in at risk individuals [86,87].
The American College of Sports Medicine [88] recently
advocated that to prevent hypertension, individuals
should exercise on most, and preferably all, days of the
week at a moderate intensity, for 30 min or more per
day (continuous or accumulated). They also recom-
mended supplementing endurance type activities with
resistance exercise. This is supported by research indi-
cating that moderate intensity resistance training can
reduce blood pressure [89]. Collectively, this research
and our current summary of the dose-response litera-
ture indicates that physical activity levels that are of a
moderate to vigorous intensity are sufficient to lead to
marked reductions in the risk for hypertension.
Implications
The impact of hypertension on North American society
is enormous. In the US, 31% of non-institutionalized
adults over the ages of 20 are currently thought to have
hypertension [90]. In Canada, approximately 20% of
adults report a diagnosis of hypertension including over
4 million Canadians [91-93]. It has been estimated that
a 55 yr old Canadian with normal blood pressure has a
greater than 90% chance of developing hypertension
before the age of 80 yr [92]. The primary prevention of
hypertension is of paramount importance to the
attenuation of the risks and costs associated with hyper-
tension and related comorbidities.

There is clear evidence that routine physical activity
and/or increased physical fitness reduce greatly the risk



Warburton et al. International Journal of Behavioral Nutrition and Physical Activity 2010, 7:39

http://www.ijbnpa.org/content/7/1/39

for hypertension in both normotensive and hypertensive
individuals [18,19]. Extensive research has been con-
ducted in the area including numerous prospective trials
and various randomized controlled trials. Numerous
reviews of the literature (of epidemiological and rando-
mized controlled trials) have supported an inverse rela-
tionship between physical activity/fitness and in the
incidence of hypertension [20,87,89,94-102]. In a recent
systematic review of the prospective literature, Katzmar-
zyk and Janssen (2004) calculated that physically inactive
individuals were at a 30% higher risk for hypertension
(RR = 1.30 (95% CI = 1.16-1.46)) with a population
attributable risk of 13.8% in Canada [20]. Acute bouts of
exercise have also been shown to lead to transient
changes in blood pressure that are potentially of health
benefit [98]. For instance, blood pressure is often
reduced after a single exercise session for 12-22 hr
[88,103].

It is clear that routine physical activity is effective in
both the primary and secondary prevention of hyperten-
sion. However, the optimal dosage of physical activity/
exercise remains somewhat unclear. Our review of the
literature examined critically the relationship between
multiple levels of physical activity/fitness and the inci-
dence of hypertension (in individuals without diagnosed
hypertension). As identified above this evidence was
compelling supporting the protective effects of habitual
physical activity in the primary prevention of
hypertension.

Recommendation #4

For a reduced risk for hypertension, it is recom-
mended that individuals should participate in 30
min or more of moderate to vigorous exercise on most
days of the week. [Level 3, Grade A]

Primary Prevention of Colon and Breast Cancer

Colon Cancer

In our systematic search of the colon cancer literature, a
total of 252 citations were identified during the electro-
nic database search (Figure 7). Of these citations, 83
were identified in MEDLINE, 44 in EMBASE, 25 in
Cochrane, and 100 in the CINAHL/SportDiscus/Psy-
chlnfo search. A total of 15 duplicates were found, leav-
ing a total of 237 unique citations. A total of 164
articles were excluded after screening, leaving a total of
73 articles for full review. From these articles 47 were
excluded after full-text review leaving 26 articles for
inclusion, and an additional 7 articles were added from
the authors’ personal files. The reasons for exclusion
included non-experimental/weak design (n = 8), reviews,
summaries, meta-analyses (n = 13), editorial/comment
(n = 3), not dealing specifically with colon cancer (n =
4), did not contain three levels of physical activity or
not possible to determine dose-response relationship
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Citations from electronic database search:

MEDLINE 83
EMBASE 44
Cochrane 25

CINAHL/SportDiscus/PsycInfo 100

Total Citations Downloaded to RefWorks:
Total in RefWorks 252

!

Total with Duplicates Excluded (N = 237)

!

Full Articles Assessed for Eligibility
after Scanning Titles (N=73)
Citations Excluded after Scanning
Titles (N = 164)

}

Articles Excluded after Full Review (N
= 47)

Reasons: non experimental (N=8); review
(N=13); editorial/comment (N=3); only
on precursor to colon cancer (N=4); did
not include 3 levels of exercise (N=9);
other (N=10)

Articles Included (N=26) plus (N=7)
added at authors discretion

Total N=33

Figure 7 Results of the Literature Search for Colon Cancer.

(n = 9), and other (n = 10). Therefore, a total of 33 arti-
cles were included in the systematic review of the litera-
ture regarding the relationship between physical activity
and the primary prevention of colon cancer.

These studies involved a total of 1,433,103 partici-
pants; averaging 43,427 participants per study (range
142-413,044). There were a total of 17,959 reported
cases of colon cancer (ranging per study from 93-1,993).
The total length of study follow-up for the prospective
cohort studies averaged 10.7 yr (ranging from 4-26 yr).
The articles were published over a 23 yr period ranging
from 1985 to 2008. These studies involved large samples
of men and women from regions throughout the world.

A dose-dependency of this relationship was present in
the majority of the studies. When comparing the most
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active/fit group versus the least active/fit group we
found a mean risk reduction of 30% (median = 32%)
across all studies. The most compelling literature was
that which evaluated the relationship between moder-
ate-to-vigorous leisure time physical activity. Based on
the literature reviewed and the volume of activity
assessed it would appear that Canada’s guidelines for
physical activity are sufficient to lower the risk for the
development of colon cancer in asymptomatic adults.
The level of evidence would be considered to be Level
2A. The studies were generally of a higher quality with a
mean Downs and Black score of 13 (median = 14, range
= 11-15).

It should be noted that there was considerable varia-
bility in the findings and conclusions of the studies
(Table 15). As discussed later, the literature was further
confounded by the fact that the relative risks associated
with physical activity were often controlled (through
multivariate analyses) for various potential confounding
factors, which may actually inappropriately decrease the
level of risk reduction associated with physical activity
[31]. Moreover, similar to other chronic conditions this
literature was limited greatly by the lack of consistent
physical activity assessment and description. In many
instances, it was difficult to determine the actual abso-
lute volume and/or intensity of activity for each category
of comparison. However, despite these limitations the
results of these studies (taken as a whole) indicate that
both occupation- and leisure time-related physical activ-
ity are inversely related to the risk of colon cancer.
Breast Cancer
As reviewed eloquently by others, the epidemiological
evidence relating physical activity to a decreased inci-
dence of breast cancer is persuasive. A recent systematic
review of the literature found that more than 60 obser-
vational trials have examined the relationship between
physical activity and breast cancer [31]. Previous reviews
of the literature have revealed compelling and consistent
findings indicating that habitual physical activity is asso-
ciated with a reduced risk for breast cancer ranging
from 20-80% [31,104].

Various investigations have attempted to evaluate the
dose-response relationship between physical activity and
the incidence of breast cancer (Table 16). Despite the
volume of evidence available questions still remain
regarding the minimal and optimal volume of exercise
required to reduce the risk for breast cancer. As dis-
cussed by others [31,104] the findings are as varied as
the investigations.

In our systematic search of the literature, a total of
571 citations were identified during the electronic data-
base search (Figure 8). Of these citations, 228 were iden-
tified in MEDLINE, 89 in EMBASE, 56 in Cochrane,
and 198 in the CINAHL/SportDiscus/PsychInfo search.
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A total of 46 duplicates were found, leaving a total of
571 unique citations. A total of 411 articles were
excluded after scanning, leaving a total of 114 articles
for full review. From these articles 77 were excluded
after full review leaving 37 articles for inclusion in the
systematic review. An additional 6 articles were found
through the reviewers’ personal files. The reasons for
exclusion included not containing three levels of physi-
cal activity or not possible to determine dose-response
relationship (n = 1), reviews, summaries, meta-analyses
(n = 20), report (n = 5), editorial/comment (n = 21), not
a research article (N = 11), not dealing specifically with
breast cancer (n = 4), not relevant (n = 5), not primary
prevention (n = 3), and other (n = 10). Therefore, a
total of 43 articles were included in the systematic
review of the literature regarding the relationship
between physical activity and the primary prevention of
breast cancer.

The data providing dose-response information is all
observational in nature, involving both case control and
cohort investigations. These studies involved a total of
1,861,707 participants averaging 44,326 subjects per
study (range 526-680,000). There were a total of 80,247
reported cases of breast cancer (ranging per study from
109-17,986). The total length of study follow-up for the
prospective cohort studies averaged 10.5 yr (ranging
from 4-31 yr). The articles were published over a 14 yr
period ranging from 1993-2007. These studies involved
large samples of men and women from regions through-
out the world.

The literature with respect to the primary prevention
of breast cancer is as compelling as that found with
respect to colon cancer. There is strong evidence that
routine physical activity is associated with a reduced risk
for the development of breast cancer. However, this lit-
erature is also confounded by many shortcomings (simi-
lar to other cancer literature) including considerable
variability in the statistical analyses employed, the physi-
cal activity measurement tools used, and the experimen-
tal designs.

The overall risk reduction for breast cancer for indivi-
duals that are habitually physically active (at or above
Canada’s guidelines for physical activity) is thought to
approximate 20-40% [31,105]. In our analyses, we found
very similar findings. When comparing the most active
group versus the least active group we found a mean
(and median) risk reduction of 20% across all studies.
The level of evidence would be considered to be Level
2A. Generally, the articles were of high quality with a
mean Downs and Black score of 13 (median = 13, range
= 9-14).

A dose-dependency of this relationship is also gener-
ally present in the majority of the studies. For instance,
greater than 50% studies revealed a dose-response
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Citations from electronic database search:

MEDLINE 228
EMBASE 89
Cochrane 56
CINAHL/SportDiscus/PsycInfo 198

Total Citations Downloaded to RefWorks:
Total in RefWorks 571

Total with Duplicates Excluded (N = 525)

}

Full Articles Assessed for Eligibility
after Scanning Titles (N=114)
Citations Excluded after Scanning Titles

(N=411)
}

Articles Excluded after Full Review (N
=77) Reasons: review (N=20);
discussion/comment (N=21); Not a
research article (N=11); no 3 levels PA
(N=1); report (N=5); not breast cancer
(N=5); not relevant (N=5); not primary
prevention (N=1); other (N=8)

l

Articles Included (37) plus (N=6)
Articles added at authors discretion

Total N=43

Figure 8 Results of the Literature Search for Breast Cancer.

relationship in one or more measures of occupational
and/or leisure-time physical activity and the risk for
breast cancer. Moreover, the majority of studies demon-
strated the greatest risk reduction at the highest activity
level. With respect to the minimal and optimal volume
of exercise required, Lee [105] stated that 30-60 min/
day of moderate-to-vigorous physical activity is required
to decrease the risk for breast cancer. This belief is
strongly supported by the literature. However, others
have shown significant risk reductions at lower exercise
volumes. For instance, Rockhill et al. [106] showed sig-
nificant reductions (12% or greater) in the risk for breast
cancer in women who accumulated at least 1 hr of
moderate or vigorous physical activity per week.
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Similarly, Sesso et al. (1998) revealed that there was an
8% reduction in the risk for breast cancer with a rela-
tively small energy expenditure of 500-999 kcal/wk.
Further risk reductions were observed with higher
energy expenditures (= 1000 kcal/wk = 51% reduction
in the risk). As discussed above, Monninkhof et al.
revealed a 6% decrease in breast cancer risk for each
additional hour of physical activity per week [104].
Taken as a whole, it would therefore appear that Cana-
da’s guidelines for physical activity are more than appro-
priate for reducing the risk for breast cancer. Further
research however is required to determine the minimal
volume of exercise that is effective in the primary pre-
vention of breast cancer.

Implications

There is a preponderance of data linking physical inac-
tivity to site-specific cancers, particularly of the breast
and colon [31,104-109]. The protective effects of physi-
cal activity also appear with other forms of cancer (such
as endometrial cancer) [110]. In an important review of
the literature Lee revealed that physically active women
have a 20-30% lower risk of breast cancer, and physically
active men and women have a 30-40% lower risk of
colon cancer [105]. A more recent systematic review of
the literature revealed a 20-80% lower risk of breast can-
cer in post-menopausal women [104], with a weaker
association in pre-menopausal women. Considering data
from both pre- and post-menopausal women the
authors demonstrated that physically active individuals
had a 15-20% lower risk of breast cancer. Monninkhof
et al. also reported a 6% lower risk of breast cancer for
each additional hour of physical activity per week [104].
This level of risk reduction was also supported by the
U.S. Department of Health and Human Services during
its recent evaluation of the literature [31].

Our current reviews of the literature support previous
work in the field including the finding of a dose-
response relationship between physical activity and can-
cers of the breast and colon [104,105,109]. It would
appear that 30-60 min/day of moderate-to-vigorous phy-
sical activity is associated with a lower risk of breast and
colon cancer.

Recommendation #5

For a reduced risk for site specific cancers (such as
colon cancer and breast cancer), it is recommended
that individuals should participate in 30 min or
more of moderate to vigorous exercise on most days
of the week. [Level 2, Grade A]

Primary Prevention of Type 2 Diabetes

In comparison to other chronic conditions, there is rela-
tively limited literature examining the relationship
between multiple levels of physical activity/fitness and
the incidence of type 2 diabetes. All of the literature
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examining the dose-response (for at least three levels of
physical activity/fitness) involved prospective cohort
analyses. A total of 3655 citations were identified during
the electronic database search (Figure 9). Of these cita-
tions, 2038 were identified in MEDLINE, 1116 in
EMBASE, 118 in Cochrane, and 372 in the CINAHL/
SportDiscus/PsychInfo search. A total of 614 duplicates
were found, leaving a total of 3041 unique citations. A
total of 2865 articles were excluded after scanning, leav-
ing a total of 176 articles for full review. From these
articles 156 were excluded after full review leaving 20

Citations from electronic database search:

MEDLINE 2038
EMBASE 1116
Cochrane 118
CINAHL/SportDiscus/Psycinfo 372

Total Citations Downloaded to RefWorks:
Total in RefWorks 3655

!

Total with Duplicates Excluded (N =3041)

}

Full Articles Assessed for Eligibility
after Scanning Titles (N= 176)

Citations Excluded after Scanning
Titles (N = 2865)

|

Articles Excluded after Full Review (N
=176)

Reasons: non experimental (N= 18); not 3
levels of physical activity (N=16);
Reviews, summaries, meta-analysis
(N=41); not on diabetes (N=92); (N=);
other (N=10)

Articles Included

Total N= 20

Figure 9 Results of the Literature Search for Diabetes.
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articles for inclusion in the systematic review of the lit-
erature regarding the relationship between physical
activity and type 2 diabetes. The reasons for exclusion
included non-experimental/weak design (N = 18), three
levels of physical activity not reported (N = 16), reviews,
summaries, or meta-analyses (N = 41), not related to
type 2 diabetes (N = 71), and other (N = 10).

As shown in Table 17, 20 investigations examined the
dose-response (i.e., three or more levels) relationship
between physical activity and the incidence of type 2
diabetes. This involved a total of 624,952 subjects, aver-
aging 32,892 subjects per study (range 1,543-87,907).
There were a total of 19,325 cases of type 2 diabetes
(ranging per study from 78-4,030). The total length of
follow-up averaged 9.3 yr (ranging from 3 -16.8 yr). The
articles were published over a 16 yr period ranging from
1991 to 2007.

Of these studies 100% revealed an inverse relationship
between type 2 diabetes and levels of physical activity or
fitness. When comparing the most active/fit group ver-
sus the least active/fit group we found an average risk
reduction of 42% (median = 44%). Therefore in our ana-
lyses the most physically active/fit had a 42% lower risk
of developing type 2 diabetes. The majority (84%) of
these studies revealed incremental reductions in the risk
for type 2 diabetes with increasing activity/fitness levels.
Therefore, the health benefits with respect to type 2 dia-
betes prevention appear to continue across the physical
activity/fitness continuum. Similar to other clinical con-
ditions, the dose-response relationship is such that small
changes in activity levels yield marked reductions in the
risk for type 2 diabetes. The health benefits of exercise
appear to be particularly prevalent in individuals at high
risk for developing type 2 diabetes (e.g., those with a
high body mass index, the metabolic syndrome, a his-
tory of hypertension and/or a family history of type 2
diabetes). The level of evidence relating physical activity
to the primary prevention of type 2 diabetes would be
considered to be Level 2A. The quality of the investiga-
tions was generally high with a mean (and median)
Downs and Black score of 13 (range 11-14).

As with other conditions is it difficult to separate the
effects of volume and intensity of exercise. However,
small changes in activity levels clearly can have a large
effect on the risk for and incidence of type 2 diabetes.
For instance, Hu and coworkers [111] revealed that
nurses (n = 68,497) who engaged in 1 hr/day of brisk
walking had 24% less obesity and 34% less type 2 dia-
betes (over a 6-year follow-up). These authors estimated
that approximately 30% of new cases of obesity and 43%
of new cases of type 2 diabetes could be prevented by
adopting an active lifestyle including less than 10 hr/wk
of television watching and > 30 min/d of brisk walking.
Similarly, over a 5-year period, male physicians who
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exercised vigorously at least once weekly had a 29%
lower incidence of type 2 diabetes than individuals who
did not exercise regularly [112]. These authors also
revealed that physical activity that was sufficient to
cause sweating was associated with a lower incidence of
type 2 diabetes. Other research has also demonstrated
that moderate-to-vigorous physical activity (= 5.5 METs
for at least 40 min per week) and/or aerobic fitness
levels above 31 mL-kg "-min™' are associated with a
lower risk of type 2 diabetes in middle-aged men [113]
with the effect being the greatest in high-risk indivi-
duals. Therefore, it would appear that Canada’s recom-
mendations for physical activity are sufficient to reduce
the risk for type 2 diabetes.

In 2001, Hu et al. [114] reported very interesting and
compelling research regarding the role of lifestyle factors
in the development of type 2 diabetes. Using data from
the Nurses’ Health Study, they defined a low-risk group
according to five lifestyle factors including BMI, a
healthy diet, the participation in moderate-to-vigorous
physical activity for at least 30 min per day, no current
smoking, and the consumption of an average of at least
one-half serving of an alcoholic beverage per day. They
revealed that the women in the low risk group had a RR
for type 2 diabetes of only 0.09 (CI 0.05-0.17) in com-
parison to the rest of the cohort. They also found that
91% of the cases of type 2 diabetes in this cohort (CI
83-95%) could be attributed to the five lifestyle factors.
This research provided compelling evidence that the
majority of type 2 diabetes could be prevented through
healthy living [115].

As reviewed in Table 17 there is evidence that leisure-
time, occupational and commuting-related leisure time
activities significantly reduce the risk for the develop-
ment of type 2 diabetes. For instance, a recent study by
Sato and colleagues [116] revealed that the walking dis-
tance to work was directly related to the incidence of
type 2 diabetes in 8,576 Japanese men followed for 4
years. The risk reduction was approximately 27% in the
participants who walked to work for >21 min compared
to those who did so for 210 min. These findings are
similar to that found by Hu et al. who reported that
moderate occupational, commuting and leisure-time
physical activities all had a significant inverse relation-
ship to risk in middle-aged men and women [117].

Although ethnicity is often not reported in the current
research, the studies examined in our systematic review
came from a variety of countries and regions. Data was
obtained from studies from the USA, Canada, UK,
Japan, and Finland. For instance, Hsia et al. (2005) con-
ducted a prospective 5-year study of 87,907 post-meno-
pausal women, finding a strong graded inverse
relationship between physical activity and type 2 dia-
betes. The relationship was stronger in “Caucasian” than
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in minority (African-American, Hispanic or Asian)
women. The authors postulated this finding might
reflect less precise risk assessments in minority women
[118]. As we have outlined previously, further research
is clearly warranted that examines the relationship
between physical activity and type 2 diabetes in persons
of different ethnicities. Moreover, further research is
needed to determine the effects of socio-economic sta-
tus on the observed relationships. Nonetheless, the
research is compelling, habitual physical activity appears
to be highly effective in the primary prevention of type
2 diabetes.

Implications

In 1992, the consensus panel from the International
Conference on Physical Activity, Fitness and Health
(held in Toronto, Canada) [17] indicated that physical
activity can effectively reduce the risk for, and incidence
of, type 2 diabetes. Over 15 years later, the research is
compelling; habitual physical activity is an effective pri-
mary preventative strategy against the development of
type 2 diabetes [111-113,118-123]. As shown in our ana-
lyses, numerous observational studies have revealed that
regular physical activity is associated with a lower risk
of developing type 2 diabetes [111-113,118-123]. More-
over, increased aerobic fitness is inversely associated
with the risk of type 2 diabetes [113,124]. It is also
apparent that both aerobic and resistance type activities
reduce the risk for type 2 diabetes [125,126].

Although it is difficult to determine the dose-response
between physical activity and type 2 diabetes in the
majority of the current randomized controlled trials,
these trials have revealed important findings. Influential
exercise and/or lifestyle intervention trials have demon-
strated clearly the health benefits of physical activity/
exercise in the prevention of type 2 diabetes. For
instance, in the Diabetes Prevention Program (US),
3,234 high-risk participants were randomly assigned to
one of three groups: a) a placebo control, b) metformin
drug therapy (850 mg twice daily), and c) a lifestyle
intervention. The authors revealed that the lifestyle
intervention (including physical activity for at least 150
minutes per week) was more effective than metformin
(alone) (respective reductions in incidence 58% and
31%) [127]. Similarly, Tuomilehto et al. (2001) con-
ducted a randomized controlled trial with middle-aged,
overweight subjects with impaired glucose tolerance
(172 males and 350 females). The authors reported a
significant reduction in the incidence of type 2 diabetes
in the intervention group (which received advice regard-
ing moderate intensity exercise (30 min/day) and dietary
control). The lifestyle intervention reduced the risk of
type 2 diabetes by approximately 54% in women and
63% in men [128]. In a review of the literature, William-
son et al. revealed modest weight loss via diet and
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physical activity reduced the incidence of type 2 diabetes
in high risk individuals by 40-60% over a 3-4 year period
[129]. Collectively, the epidemiological and randomized
controlled trials provide compelling evidence supporting
the role of habitual physical activity in the primary pre-
vention of type 2 diabetes.

Recommendation #6

For a reduced risk for type 2 diabetes, it is recom-
mended that individuals should participate in 30
min or more of moderate to vigorous exercise on most
days of the week. [Level 2, Grade A]

Primary Prevention of Osteoporosis
The protective effects of physical activity and exercise
training on bone health are well documented. In fact,
the relationship between indicators of bone health (such
as bone mineral density or bone mineral content) and
physical activity have been evaluated extensively (see
Table 18). Numerous exercise intervention trials have
revealed that aerobic and resistance activities have a
beneficial effect on bone mineral density across the life-
span [16]. In fact, several systematic reviews of the lit-
erature [130-135] and major consensus statements [136]
have shown clearly the potential benefits of both aerobic
and resistance training on bone health (particularly in
post-menopausal women). It has been estimated that
exercise interventions prevent or reverse at least 1% of
bone loss per year in the lumbar spine and the femoral
neck of pre- and post-menopausal women [130,137].

Exercise has also been shown to significantly reduce
the risk and/or number of falls in comparison to inac-
tive controls [138-142]. Moreover, fracture risk and/or
incidence has been shown to be reduced in active indivi-
duals [143-145]. Case-control studies of older persons
who suffered a hip fracture have revealed that these
individuals had significantly lower physical activity levels
throughout adulthood [136,146]. Observational studies
have also revealed an inverse relationship between the
incidence of fractures and physical activity [147-149].
For instance, Joakimsen et al. revealed lower fracture
rates in individuals who performed more weight-bearing
activities [148]. Similarly, Kujala et al. [147] in a 21-year
prospective study revealed that intense activity was asso-
ciated with a lower incidence of hip fracture (Hazard
Ratio = 0.38, 95% CI = 0.16-0.91). Feskanich et al.
(2002) also revealed that moderate physical activity was
inversely related to the risk of hip fracture in postmeno-
pausal women [149]. In a review of observational trials,
Katzmarzyk and Janssen [20] revealed that the fracture
risk was markedly higher in habitually inactive indivi-
duals (RR = 1.59 (95% CI = 1.40-1.80)) with a popula-
tion attributable risk of 24% in Canada.

There is clear evidence that exercise training is of ben-
efit for bone health and accordingly reduces the risk for
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osteoporosis. However, remarkably limited research has
actually examined the relationship between routine phy-
sical activity and the prevalence and/or incidence of
osteoporosis (Figure 10). In our systematic search of the
osteoporosis literature, a total of 3655 citations were
identified during the electronic database search (Figure
7). Of these citations, 1888 were identified in MEDLINE,
236 in EMBASE, 82 in Cochrane, and 481 in the
CINAHL/SportDiscus/Psychlnfo search. A total of 276
duplicates were found, leaving a total of 2411 unique
citations. A total of 2059 articles were excluded after
screening, leaving a total of 352 articles for full review.
From these articles all 352 were excluded after full-text
review. The reasons for exclusion included non-experi-
mental/weak design (n = 87), did not contain three
levels of physical activity or not possible to determine
dose-response relationship (n = 38), reviews, summaries,
meta-analyses (n = 39), not dealing specifically with
osteoporosis (n = 21), only on change in bone mineral
density (N = 123), clinical population (N = 10), bone
metabolism (N = 13), fractures (N = 3), population < 18
yrs (N = 11), and other (N = 7). An additional 2 articles
were found through the authors’ knowledge of the field.

As identified in our systematic search, the majority of
the literature has dealt with the relationship between
physical activity and indicators of bone health and/or
the incidence of fractures. However, a recent observa-
tional trial [150] has provided evidence supporting the
ability of physical activity to reduce the incidence of
osteoporosis. For instance, Robitaille et al. revealed a
dose-response relationship between physical activity
level and the prevalence of reported osteoporosis in
8073 women aged = 20 yr in the National Health and
Nutrition Examination Survey, 1999-2004 [150]. Those
performing no physical activity were at a higher risk
than those who engaged in moderate (<30 MET hr/wk)
and high (>30 MET hr/wk) levels of physical activity.
There was a dose-response relationship with the highest
physical activity group having the lowest prevalence of
osteoporosis. Similarly, Keramat et al. [151] in a case-
control investigation revealed that physical activity was
protective against the development of osteoporosis.

At this time it is difficult to define clearly the actual
dose-response required to cause a reduction in the inci-
dence of osteoporosis. It is clear that bone adaptations to
exercise are load dependent and site specific [9,10,16,152].
As such, physical activities that involve significantly load-
ing/impact are often advocated for the prevention of
osteoporosis. It is has been shown that running 15-20
miles per week is associated with bone mineral accrual or
maintenance. Longer distances however may be associated
with reduced bone mineral density [136].

Feskanich et al. reported that the risk of hip fracture
was lowered by 6% for each increase of 3 MET-hours
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Citations from electronic database search:

MEDLINE 1888
EMBASE 236
Cochrane 82
CINAHL/SportDiscus/Psycinfo 481

Total Citations Downloaded to RefWorks:
Total in RefWorks 2687

Total with Duplicates Excluded (N =2411)

!

Full Articles Assessed for Eligibility
after Scanning Titles (N=352)

Citations Excluded after Scanning
Titles (N=2059)

l

Articles added through referencing

(N=2)
v
Articles Excluded after Full Review (N
=352)

Reasons: non experimental (N=87); not 3
levels of physical activity (N=38);
Reviews, summaries, meta-analysis
(N=39); not related to osteoporosis
(N=21); only on change in bone mineral
density (N=123); clinical population
(N=10); bone metabolism (N=13);
fractures (N=3); population < 18yrs
(N=11); other (N=7)

!

Articles Included (N=2)

Figure 10 Results of the Literature Search for Osteoporosis.

per week of activity (or 1 hr/wk of walking at an average
pace) [149]. There was a linear reduction with increas-
ing physical activity level. Walking for at least 4 hr/wk
was also associated with a 41% lower risk of hip fracture
compared to less than 1 hr/wk [149]. The work of Robi-
taille et al. also indicated that moderate levels of physi-
cal activity are sufficient to reduce the prevalence of
osteoporosis [150].

In summary, there is preliminary evidence to indicate
that the current Canadian physical activity guidelines are
sufficient to maintain and/improve bone health. However,
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further research is clearly required, in particular research
that examines the relationship between physical activity
and the incidence of osteoporosis in both men and
women from varied ethnic backgrounds. Currently, the
level of evidence would be considered to be at a Level 3A.
The quality of the investigations was generally low with a
mean (and median) Downs and Black score of 11.

Recommendation #7

For a reduced risk for osteoporosis, it is recom-
mended that individuals should participate in load
bearing activities for 30 min or more on most days of
the week. [Level 3, Grade A]

Other Considerations

Musculoskeletal Fitness and Health

In the present analyses, all indices of physical activity/
fitness were incorporated into our systematic reviews.
Although the majority of the data is related to aerobic
activities, it should be noted that many of these activities
also had a significant musculoskeletal component.
Moreover, direct measurements of musculoskeletal fit-
ness were included in various studies included in our
review. Although there is limited information available
(in comparison to aerobic activities) there is compelling
evidence that musculoskeletal fitness is also positively
associated with health status [9,10,16].

Warburton and colleagues [9,10] in two reviews of the
literature reported that enhanced musculoskeletal fitness
is associated positively with glucose homeostasis, bone
health, functional independence, mobility, psychological
well-being, and overall quality of life and negatively
associated with fall risk, morbidity and premature mor-
tality. They also reported that interventions that increase
musculoskeletal fitness also have a significant positive
effect on the health status of the individuals with a low
musculoskeletal reserve (e.g., the frail elderly).

In an evaluation of the current literature some key
findings emerge. Grip strength has particularly been
shown to be inversely related to premature mortality
and/or morbidity (e.g., functional limitations) [153-156].
Rantanen et al. (1998) reported that those individuals
with the lowest grip strength had a higher rate of mortal-
ity at a younger age (over a 27- year period) than their
counterparts with higher muscular strength. Further-
more, they revealed that those with a faster rate of
decline in muscular strength (>1.5% per year) or a very
low grip strength (<21 kg) had a greater incidence of
chronic diseases, such as type 2 diabetes, stroke, arthritis,
coronary heart disease, and pulmonary disorders. It was
shown that those in the lowest grip strength tertile had
an 8-fold increased risk for disability. Individuals with
high muscular strength have also been shown to develop
less functional limitations in comparison to their coun-
terparts with lower strength over a 5-year period [157].
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Katzmarzyk and colleagues [126,154,158] in Canada
have also demonstrated a positive relationship between
musculoskeletal fitness and health status. For instance,
Katzmarzyk and Craig (2002) revealed that there was a
significantly higher risk of premature mortality in the
lower quartile of sit-ups in both men (RR = 2.72) and
women (RR = 2.26). Grip strength was also predictive of
mortality in men (RR = 1.49), but not women. In a
recent study, Mason et al. revealed that musculoskeletal
fitness was a significant predictor of weight gain over a
20-year period [158]. Importantly, they also reported
that individuals with low musculoskeletal fitness had
78% greater odds of significant weight gain (> 10 kg)
compared to those with high musculoskeletal fitness.
These studies provide direct support for the inclusion of
resistance and flexibility training in Canada’s physical
activity guidelines for adults [3,159].

Recommendation #8

For improved health status and reduced risk for
chronic disease and disability, it is recommended
that individuals should include daily activities that
tax the musculoskeletal system [Level 2, Grade A]

Limitations

It is important to note that for each chronic condition,
the methods used to determine the relationship between
physical activity and the specific clinical outcome were
often quite varied. For instance, early work in the field
generally controlled for few confounding variables (such
as age). In comparison, current literature often controls
for a myriad of potential confounding variables. These
discrepancies make the comparison of the relative risk
reductions between studies and across clinical condi-
tions more difficult. Moreover, the multivariate analyses
(controlling for various potential confounding factors)
may inappropriately decrease the level of risk reduction
associated with physical activity and the clinical end-
point [31]. This is owing to the fact that some of the
health benefits associated with physical activity may be
mediated through these variables [31].

There was often considerable variability in the findings
and major conclusions of the studies examined. Often
the available literature was limited by the lack of a clear
standard for assessing physical activity. In many
instances, it was extremely difficult to determine the
actual dosage of physical activity used to group the par-
ticipants. This lack of clarity makes it very difficult to
clearly define the dose-response relationship between
physical activity and various chronic conditions.

Conclusions

There is incontrovertible evidence that regular exercise
is an effective preventative strategy against premature
mortality, cardiovascular disease, stroke, hypertension,
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colon cancer, breast cancer, and type 2 diabetes. There
is also compelling indirect evidence to support the
protective effects of physical activity with respect to
osteoporosis. In many instances the dose-response
relationship is linear with further health benefits with
increasing levels of activity. The current Canadian phy-
sical activity guidelines for adults are sufficient to
reduce the risk for multiple chronic diseases simulta-
neously. The acknowledgement that every bit of exer-
cise counts towards health benefits (with greater
benefits at higher energy expenditures) is consistent
with the literature and a reasonable message to pro-
mote to the general population. However, further
investigation is likely required to evaluate the relation-
ship between physical activity and health status in
non-Caucasian populations.
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