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Do vigorous-intensity and moderate-
intensity physical activities reduce
mortality to the same extent?

A systematic review and meta-analysis

Juan Pablo Rey Lopez
Leandro F M Rezende

ABSTRACT

Objective To examine whether vigorous-intensity physical
activity confers additional reductions on all-cause and
cause-specific mortality compared with moderate-intensity
physical activity.

Design A systematic review (registered in PROSPERO
CRD42019138995) and meta-analysis.

Data sources Three electronic databases up to April 14
2020.

Eligibility criteria Inclusion criteria were prospective
studies that contained information about (1) moderate-
intensity (3—5.9 metabolic equivalent tasks (METs)) and
vigorous-intensity (>6 METs) physical activities and (2) all-
cause and/or cause-specific mortality. Exclusion criteria
were prospective studies that (1) exclusively recruited
diseased patients (eg, hypertensive patients and diabetics)
or (2) did not account for total physical activity in their
multivariable models (3) or did not adjust or exclude
individuals with comorbidities at baseline or (4) used
physically inactive participants as reference group.
Results Five studies (seven cohorts using sex-specific
results) were pooled into a meta-analysis. For all-cause
mortality and controlling by total physical activity, vigorous-
intensity physical activity (vs moderate) was not associated
with a larger reduction in mortality (HR 0.95, 95% Cl 0.83 to
1.09). After the exclusion of one study judged with critical
risk of bias (Risk Of Bias in Non randomized Studies,
ROBINS tool) from meta-analysis, results remained similar
(HR0.98, 95% Cl 0.85 to 1.12). Due to the limited number of
studies, meta-analyses for cancer and cardiovascular
mortality were not performed.

Conclusions Prospective studies suggest that, for the
same total physical activity, both vigorous-intensity and
moderate-intensity physical activities reduce all-cause
mortality to the same extent. However, absence of evidence
must not be interpreted as evidence of absence due to the
existing methodological flaws in the literature.

INTRODUCTION

Low physical activity in adult populations of
industrialised nations is recognised as one of
the main drivers of poor health.! Globally,
insufficient physical activity (aka physical
inactivity) is considered the fourth leading
cause of death,? responsible for an estimated
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What is already known in this subject?

» Low physical activity level in adult populations is
recognised as one of the main drivers of poor
population health. However, it is currently unclear
whether vigorous-intensity physical activity may
lead to larger reductions in mortality compared
with moderate-intensity physical activity.

What are the new findings?

» The best synthesis of the epidemiological evidence
shows similar risk reductions on all-cause mortality
in participants that reported the highest proportion
of vigorous-intensity activity versus moderate-
intensity activity.

» A lower number of prospective studies have
evaluated the impact of physical activity intensity
on cause-specific mortality (CVD and cancer), and
their findings do not convincingly support the
hypothesis that vigorous intensity may produce
larger benefits on mortality over moderate intensity.

» Future epidemiological studies on intensity of
physical activity and mortality will require better
study designs. For example, the use of objective
tools to assess physical activity includes dietary
variables as covariates, evaluates cause-specific
mortality and informs about the proportion of
missing data from participants.

5.3 million deaths per year.” While many fac-
tors determine population health, it is well
accepted that modern physical activity envir-
onments depart radically from preindustria-
lised settings. Motorised transportation,
sedentary jobs, increased urbanisation and
wide use of technology during leisure time
divert from the physically active lifestyles,
which were required for human survival in
the past.1 However, there is a limited knowl-
edge of the role of specific components of
physical activity (ie, intensity) on different
health outcomes across adulthood. The
inconsistent findings obtained in prospective
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studies have led to conflicting views surrounding the
importance of physical activity intensity for health.

On one hand, physical activity guidelines for health
developed by expert groups in the USA,* the UK,”
Australia® or from the WHO recommend that adults
should accumulate at least 150 min of moderate-
intensity activity (3-5.9 metabolic equivalent tasks,
METs) or 75 min of vigorous-intensity activity (26
METs) per week or a combination of both intensities,
where 1 min of vigorous-intensity activity counts as 2
min of moderate-intensity activity. This implies that,
when the overall activity energy expenditure is held con-
stant, both moderate-intensity and vigorous-intensity
activities may yield similar benefits for health. On the
other hand, during the last decade, there has been
a growing scientific interest among exercise physiologists
into the potential of high-intensity vigorous training pro-
grammes as a time-efficient strategy to improve health.®
Compared with activities of lower intensity (eg, pro-
longed moderate-intensity activities), some scientists
claim that vigorous-intensity activities (often of shorter
duration) elicit comparable or superior health benefits
to lower-intensity activities due to, among other reasons,
larger improvements in cardiorespiratory fitness.* "
Nonetheless, to date, few observational studies have stu-
died the effect of vigorous-intensity activities on mortality
compared with moderate intensity, after controlling for
total physical activity.**"*® While some prospective studies
reported larger risk reductions on all-cause®** and car-
diovascular disease (CVD) mortality in participants with
higher vigorous-intensity ~activity,” another study
observed inconsistent associations (of vigorous-intensity
vs moderate-intensity activities) on CVD mortality
between sexes and a lower all-cause mortality in men.**

The aim of this systematic review was to compare vigor-
ous-intensity versus moderate-intensity physical activities
in relation to all-cause and cause-specific mortality, after
adjusting for total physical activity.

METHODS

This systematic review was conducted and reported based
on the Preferred Reporting Items for Systematic Reviews
and Meta-analysis statement,”® and the review protocol
was registered in PROSPERO (CRD42019138995).

Data source and search
Two authors (AS and JPRL) in collaboration with
a professional librarian developed the search strategy.
A comprehensive electronic database search was con-
ducted in Scopus, Web of Science and EMBASE via
Ovid, for studies published from inception until
April 14, 2020 (search strategy is shown in online supple
mental appendix A). Duplicates of studies were removed
using EndNote (Clarivate Analytics, Philadelphia, Penn-
sylvania, USA).

The search was restricted to adult human studies and
publications in English, Spanish or Portuguese. In addi-
tion, reference lists of included studies, and systematic

and narrative reviews about physical activity and longev-
ity/mortality were screened for searching additional
studies.

Study selection

For the systematic review, the eligibility criteria were as
follows: prospective cohort studies involving adults
(218 years) and comparing vigorous-intensity (26 METs)
to moderate-intensity (ie, activities that produced an
energy expenditure of 3-5.9 METs) physical activities
for all-cause and cause-specific (cardiovascular or cancer)
mortality. Prospective studies were excluded when they
were exclusive if conducted in diseased patients (eg,
hypertensive patients and diabetics) or did not account
for total physical activity in the multivariable models.
Representative, population-based cohort studies (which
have a small proportion of participants with comorbid-
ities) were considered eligible only if their effect sizes
were adjusted for comorbidities or diseased individuals
at baseline (ie, CVD risk factors, heart disease and
cancer).

To be included in the meta-analysis, we only selected
those studies that compared mortality between partici-
pants reporting vigorous-intensity versus moderate-
intensity physical activities (ie, studies including inactive
participants as reference group were excluded).

Screening and data extraction

Two reviewers (AS and MM]) independently screened the
titles and abstracts to remove irrelevant studies. During
the selection stage, a pair of reviewers (AS and MM)])
independently read the full-text articles and made the
selection based on the eligibility criteria. Discrepancies
during the screening or selection stages were resolved by
a third author (JPRL).

Information on the characteristics of the included stu-
dies were extracted independently by two reviewers (MM]
and JPRL): (1) authors and year of publication; (2) coun-
try, sample size, sex and age at baseline; (3) follow-up
time; (4) measurement of physical activity; (5) outcome
variables; (6) covariates included in the maximally
adjusted model; (7) exposure reference group; (8) main
results (eg, maximally adjusted HR and 95% CI).

Risk of bias assessment

Risk of bias of included studies was appraised by two
authors (LFMR and JPRL) using the ROBINS-I tool
(‘Risk  Of Bias In Non-randomised Studies of
Interventions’).Q7 This approach for evaluating risk of
bias in observational studies covers seven domains
through which bias might be introduced into interven-
tions (or exposure groups) of studies that did not use
randomisation to allocate participants to comparison
groups. The tool includes a list of signalling questions
for the following domains: (1) bias due to confounding,
(2) bias in selection of participants into the study, (3) bias
in classification of interventions, (4) bias due to devia-
tions from intended interventions, (5) bias due to missing
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data, (6) bias in measurement of outcomes and (7) bias in
selection of the reported result. Domain level judgements
about risk of bias are conceived hierarchically: (1) low risk
of bias (where the study is comparable to a well-
performed randomised trial with regard to that domain),
(2) moderate risk of bias (where the study is sound for
a non-randomised study but cannot be considered com-
parable to a well-performed randomised trial with regard
to that domain), (3) serious risk of bias (the study has
some important problems in that domain), (4) critical
risk of bias (the study is too problematic in that domain to
provide any useful evidence on the effects of the interven-
tion) and (5) no information on which to base
a judgement about risk of bias for that domain. Any dis-
agreement was discussed between the two authors and, in
case of further disagreement, a third author (MP-V) was
recruited for a final judgement.

Data analysis

Data from individual studies were pooled (HRs and 95%
CI and two-sided pvalues) using a random effects model
(Mantel-Haenszel weights by the metan package) to esti-
mate the overall summary HR for all-cause and cause-
specific mortality comparing vigorous-intensity versus
moderate-intensity physical activity. In addition, to assess
the impact of heterogeneity on the summary effect
(under the random effect model), prediction intervals
were calculated. When results of the original studies
reported several multivariable models, only the data
from the maximally adjustment model was considered.
When authors reported several categories of vigorous
intensity in their statistical analyses, only the group with
the highest proportion of vigorous-intensity physical
activity to total physical activity was extracted. Studies
that reported results for men and women were included
in the analysis as two separate cohorts. Heterogeneity was
quantified using the I? statistic and the %2 Cochran Q-test.*®
The CI for the I* measure was derived using the Q statistic
and the corresponding degrees of freedom. Publication
bias was examined using the asymmetry tests (graphically
using the metafunnel package) and by the contour-
enhanced funnel plots (using the confunnel package).29
Sensitivity analyses to determine whether a particular
study largely accounted for heterogeneity were explored
by removing one by one study from the meta-analysis. All
analyses were performed using Stata, version 15 (College
Station, Texas, USA).

RESULTS

Study selection

The search strategy identified 2181 records, with 1580
articles remaining after duplicates were removed. Of
these, 1546 were excluded after screening titles and
abstracts because they did not meet predetermined selec-
tion criteria (ie, conference papers and cross-sectional
studies). Of the 34 full-text articles retrieved, 29 studies
were excluded from the systematic review (figure 1 and
online supplemental appendix B) because physical

}

E Records identified through
=)
& EMBASE, S?OPUS; WEB OF Additional records identified
% SCIENCE through other sources
g (n=2,181) (1=3)
=
—-
J
Records after duplicates
) removed
(n=1580)
&0
£
5 %
2 Records title/abstract
1}
@ screened Records excluded
(n=1580) T~ (n=1546)
J
— Full-text articles excluded
(n=29)
Reasons:
iy Full-text articles assessed
i for eligibility Intensity not examined (n=6)
B (n=34) ™~
=] Definitions of intensity not
eligible (n=17)
_
Participants with comorbidities
included in analyses (n=1)
—
Studies included in . X X
narrative review Statistical models did not adjust
(n=8) by physical activity (n=3)
Outcome: CVD deaths and
2 incidence of nonfatal stroke and
< MI (n=2)
=
E Studies included in the
meta-analysis
(n=5) Articles excluded of the meta-analysis
7 cohorts (2 studies Reasons:
reported women and men
_ results separately) Reference group included physical
inactivity (n=3)
Figure 1 Preferred Reporting Items for Systematic Reviews

and Meta-analysis flow diagram for search strategy.
Prospective studies.

activity intensity was not examined (n=6), the definitions
used for moderate-intensity or vigorous-intensity differed
of the standard definitions of the literature (n=17),
comorbidities were not controlled in the reported ana-
lyses (n=1), total physical activity was not included as
a covariate into the model (n=3) and outcome included
both fatal and non-fatal CVD (n=2). Finally, three articles
included in the systematic review were not summarised in
the meta-analysis®*? because physically inactive partici-
pants were assigned as reference group.

Study characteristics
Participant characteristics from eight studies meeting the
eligibility criteria of the systematic review are summarised
in table 1. A total of five studies were included in the meta-
analysis (seven cohorts using sex-specific results). 2% 33
All studies were carried out in high-income countries:
Germany,‘%] Finland,?’3 the UK,25 Australia,23 ]apan24
and the USA.** 0 32

The sample size of the studies ranged between 4672
and 204 542 participants. All studies included both
men and women. Age of participants at the baseline
ranged between 40 and 85 years. Average follow-up
time varied from 6.52 years to 17.8 years. All studies
measured participants’ physical activity through ques-
tionnaires. A total of five studies measured habitual
physical activity (over the span of a year, whereas
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three studies collected physical activity data during the
last week before the survey). Although one study pro-
vided detailed information on physical activity in sev-
eral domains,” most studies reported information on
leisure time physical activity only. Reference groups of
exposure were defined as follows: a physically inactive
group (two studies),’ *' a combination of both physi-
cally inactive and active group,”® a low moderate-
intensity group,” 0% vigorous-intensity physical activ-
ity to total MVPA performed at vigorous intensity
(three studies)® > and <10% of vigorous intensity to
MVPA performed at vigorous intensity (one study).*
Regarding the outcome, all studies included all-cause
mortality, five CVD mortality®® ** **~? and four cancer
mortality.? %32

Risk of bias of prospective studies included in the
meta-analysis

In stage one, ROBINS-I requires the reviewers to specify
the review question in order to emulate a hypothetical
pragmatical randomised trial. Accordingly, healthy adults
were defined as participants. The experimental interven-
tion was vigorous-intensity physical activity and the com-
parator was moderate-intensity  physical  activity.
Outcomes included all-cause mortality, cardiovascular
mortality or cancer mortality. Confounders were age,
sex, smoking, adiposity, alcohol consumption, dietary
factors and individual-level socioeconomic factors.
Online supplemental appendix C shows the results (con-
sensus responses) obtained by the reviewers with the risk
of bias judgements using ROBINS-I. For the confounding
domain, four studies were judged as serious risk of bias
and one with moderate risk of bias (figure 2). For three
domains (selection of participants, classification of the
exposures and measurement of the outcomes), all studies
were judged as low risk of bias. For the domain deviations
from intended exposures, all studies were evaluated as
moderate risk of bias. Regarding the missing data
domain, four studies were judged as no information
while one study was scored as critical risk of bias. For the
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Figure 2 Risk of bias judgement using ROBINS-I.

selection of the reported results domain, two studies were
scored as low risk of bias and three as moderate risk.
Finally, for the assessment of overall bias of each study,
three studies were judged as serious risk of bias, one was
judged as critical risk of bias and one as moderate risk of
bias.

Meta-analysis of vigorous-intensity versus moderate-intensity
physical activity and all-cause mortality

Five prospective studies?*™® 33 (seven cohorts after
using the sex-specific data) evaluated the association
between vigorous-intensity physical activity (vs moder-
ate-intensity) and all-cause mortality. Compared to
moderate-intensity physical activity, vigorous-intensity
physical activity was not associated with all-cause mor-
tality (HR 0.95, 95% CI 0.83 to 1.09; I* 84.2%, 95% CI
69%-92%; prediction interval 0.60-1.51) (figure 3).
The exclusion of one study judged with a critical risk
of bias from the meta-analysis®® did not change the
direction of the association nor the heterogeneity (HR
0.98, 95% CI 0.85 to 1.12; I* 85.2%, 95% CI 70% to
93%; prediction interval 0.61-1.51) (online supplemen
tal appendix D). The exclusion of a large study with
high risk of reverse causation from the meta-analysis
did not change the results (HR 0.97, 95% CI 0.82 to
1.14; 12 82.3%, 95% CI 62% to 92%); prediction interval
0.57-1.66) (online supplemental appendix E).

Vigorous-intensity versus moderate-intensity physical
activities and CVD mortality

Two studies®® ** (three cohorts after using the results
available by sex) evaluated the association between vigor-
ous-intensity physical activity and CVD mortality. Com-
pared to moderate-intensity physical activity, women
who reported the highest proportion of vigorous to total
physical activity had 15% higher risk of CVD mortality
(HR 1.15, 95% CI 0.90 to 1.45).** In men, the highest
proportion of vigorous-intensity physical activity to total
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Figure 3 Forest plot summary of association between
vigorous-intensity and moderate-intensity physical activities
and all-cause mortality.
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physical activity was associated with lower CVD mortality
(HR 0.83,95% CI 0.63 to 1.10).** Similarly, in 64 913 men
and women from England and Scotland, the HR for CVD
mortality in participants engaged in the highest propor-
tion of vigorous-intensity physical activity was 0.88 (95%
CI10.69 to 1.11).%°

Zhao et al® found a HR for CVD mortality of 0.66 (95%
0.40 to 1.07) when comparing participants with the high-
est proportion of vigorous-intensity activity to total physi-
cal activity vs 0% vigorous-intensity activity group (yet the
reference group included both physically inactive and
active participants).

Vigorous-intensity vs moderate-intensity physical activity and
cancer mortality

One study examined the association between vigorous-
intensity physical activity (vs moderate) and cancer
mortality.*> Compared to moderate-intensity (but not
vigorous-intensity) physical activity, the HR for cancer
mortality in the group engaged in the highest proportion
of vigorous-intensity physical activity was 0.88 (95% CI
0.73 to0 1.07).

Two additional prospective studies compared the asso-
ciation of vigorous-intensity physical activity (vs physical
inactivity) and cancer mortality. Leitzmann et al (2007) 0
in a sample of 252 925 middle-aged participants, found
a HR of 0.95 (95% CI 0.85 to 1.07) when comparing
vigorous group with moderate group. Another study con-
ducted in 4672 middle-age adults during 17.8 years of
follow-up showed a lower risk of cancer mortality in parti-
cipants reporting vigorous-intensity versus moderate-
intensity physical activities during leisure time (HR 0.36
95% CI 0.23 to 0.59).?’1 Finally, in a recent study from
Zhao et al,** a lower cancer mortality rate was observed in
participants with the highest amount of vigorous-intensity
activity (HR 0.61 95% 0.42 to 0.89) versus 0% vigorous-
intensity activity. Nonetheless, the reference group used
included both physically inactive and active participants.

Publication bias

As shown in figure 4, we found asymmetry in the funnel
plot (as one study was located at the bottom of the funnel
plot). However, after the inspection of the contour-
enhanced funnel plots, we found that the asymmetry in
the funnel plot was caused not only for publication bias,
because studies were not missing in areas of high statisti-
cal significance (figure 5).

DISCUSSION

Results from five prospective studies (seven different
cohorts) suggest that, for the same volume of physical
activity, vigorous-intensity and moderate-intensity physi-
cal activities reduce mortality to the same extent. There
was a 5% lower all-cause mortality among adults reporting
regular vigorous-intensity physical activity compared with
those reporting moderate-intensity physical activity.
When we excluded one study judged as critical risk of
bias (overall),* vigorous-intensity activity was associated
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Figure 4 Contour-enhanced funnel plot in all cohort studies.
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Figure 5 Funnel plot with pseudo 95% CI for identifying
publication bias in all cohort studies.

with a 2% lower all-cause mortality (online supplemental
appendix D). On the other hand, evidence was unclear
for CVD mortality cancer mortality due to the lower num-
ber of studies.

Our findings are in agreement with the current physical
recommendations for health in adults developed in coun-
tries such as the USA, Australia and the UK as well as the
WHO. Remarkably, all the above-mentioned recommen-
dations do not prioritise vigorous over moderate intensity
to maximise the health benefits. Nonetheless, during the
last decade programmes of short duration, vigorous-
intensity activities have received considerable scientific
attention among clinical researchers interested in the
cardiometabolic benefits of exercise.® Given that high-
intensity training studies have been conducted in labora-
tory settings during a short period of time, it is unknown
whether vigorous-intensity activities maintained through-
out life may offer larger health benefits compared with
energy-matched physical activity of lower intensity. We
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found five prospective studies that aimed to close this
gap of knowledge; yet, the existence of biases inherent
to epidemiological studies challenges their interpreta-
tion. As depicted in figure 2, four of five studies
included in this review were deemed as having
a serious risk of bias for the confounding domain.
To evaluate the risk bias in the confounding domain
and following ROBINS-I recommendations, we speci-
fied a list of covariates (by expert knowledge) that
requires controlling of confounding factors such as
age, sex, smoking, adiposity, alcohol consumption,
dietary factors and individual-level socioeconomic fac-
tors. However, we found that most studies did not
control for the whole list of mentioned covariates in
their multivariable models.

A well-known limitation of epidemiological studies
involving physical activity and mortality is reverse causa-
tion. To minimise this problem, we pooled prospective
studies that accounted for the diagnosis of any disease in
the multivariable model and/or excluded those with dis-
eased participants. Nevertheless, some studies in the lit-
erature failed to account for reverse causation. For
example, in the main results reported by Gebel et al,*
participants diagnosed with cardiometabolic diseases at
baseline were included in the analysis. Therefore, we only
included in the meta-analysis estimates obtained from
participants without cardiometabolic diseases at
baseline.”” Regarding other domains included in
ROBINSH, it is remarkable that most studies did not
provide information about missing data. Missing data
may occur among other reasons through loss to follow-
up, incomplete data collection and exclusion from analy-
sis by investigators. Bias (ie, the effect estimate obtained
in the study is different from the one obtained if authors
had a complete dataset) may arise if the reason for and/
or the proportion of missing data differs according to
groups being compared.

Although we observed some asymmetry in the funnel
plot, the results obtained in the contour-enhanced
funnel plot suggest that causes of the observed asym-
metry were likely due to other factors rather than pub-
lication bias (ie, systematic differences between studies
in the results of large and small prospective studies or
differential methodological quality of the prospective
studies identified).” Furthermore, problems with the
design of some prospective studies identified in the
systematic review forced us to exclude them from the
meta-analysis. For example, three studies (included in
the narrative review) evaluated moderate-intensity and
vigorous-intensity physical activities but employed as
counterfactual reference groups: people with no physi-
cal activityg() > or participants with no physical activity
and some amount of non-vigorous-intensity physical
activity.”® These analytical decisions may overestimate
the benefits of vigorous-intensity physical activity on
mortality. Evidence of the latter may be found in the
analyses of Kikuchi et al,** where a significant protec-
tive effect was reported using the physically inactive

group (450 MET min/week) while no association was
found using 0% of vigorous intensity to MVPA.

From an evolutionary perspective, it has been sug-
gested that endurance running was instrumental in the
survival of Homo sapiens.** This opinion was, however,
drawn on a narrative review of physiological and ana-
tomical bases of endurance running capabilities of
humans versus other primates. An observational study
in modern hunter-gatherers (ie, Hadza) showed that
adults tend to accumulate (per day) over 135 min of
moderate-intensity to vigorous-intensity physical activ-
ities (measured by accelerometry), mostly at moderate
intensity.1 In a recent study that compared cardiovas-
cular adaptations induced by different types of exer-
cise among humans, gorillas and chimpanzees, authors
claimed that humans have evolved multisystem capabil-
ities mainly matched for regular moderate-intensity
endurance physical activity.”” Low volume strength
and power physical activities (which can be categorised
as vigorous-intensity activities) were an occasional form
of physical activity in our ancestors. Interestingly, car-
diological adaptations induced by strength and power
exercise seem less cardioprotective (at least structu-
rally) compared with programmes of moderate-
intensity physical activity.‘%

Although our data indicates that both vigorous-
intensity and moderate-intensity physical activities in
adulthood may reduce mortality to the same extent, this
finding should not downplay the key role of physical
activity to improve individual and population health.
Some estimates suggest that, worldwide, physical inactiv-
ity causes 6% of coronary heart disease, 7% of type 2
diabetes, 10% of breast cancer and 10% of colon
cancer.” The finding that either moderate-intensity activ-
ity or vigorous-intensity activity may provide similar reduc-
tions on mortality (for the same physical activity energy
expenditure) is, if confirmed, good news because physical
inactive population groups can find it difficult to attain
and maintain intensities of vigorous intensity.

To our knowledge, this is the first systematic review and
meta-analysis designed to evaluate whether vigorous-
intensity activities (vs moderate-intensity) may provide
additional reductions on mortality after controlling for
total physical activity. As the results of meta-analysis are
only as valid as the quality of the studies included,*® we
performed risk of bias assessments of the selected litera-
ture using ROBINS-I.

Limitations

We acknowledge several limitations. First, the exposure
variable (physical activity) was assessed by questionnaires,
which are less accurate than objective methods of physical
activity measurement.”” Future epidemiological studies will
undoubtedly benefit new technological developments to
evaluate objectively physical activity level in large popula-
tions. In this sense, a recent prospective study conducted in
16 741 women evaluated the association of number and
intensity of steps (by accelerometry) and mortality.*®
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Authors concluded that stepping higher in the intensity
level was not related to lower mortality rates after account-
ing for total steps for a day.”® Second, only one measure-
ment of physical activity was collected in all epidemiological
studies identified (at baseline), which may have led to
regression dilution bias. Physical activity levels tend to
decrease with age, which in theory could attenuate
a protective effect on mortality of vigorous intensity due to
transitions toward inactive lifestyles. Further information on
physical activity changes during adulthood will increase the
quality of the available epidemiological evidence. Third,
a low number of studies met our strict eligibility criteria.
A reason for additional concern is the lack of epidemiolo-
gical data about CVD or cancer mortality. Our review, there-
fore, highlights the urgent need to evaluate cause-specific
mortality in future well-designed epidemiological studies.
Finally, a small number of cohorts were identified and
pooled into the meta-analysis and subgroup or meta-
regression analyses were discarded (due to low statistical
power) to explore the sources of heterogeneity.

CONCLUSION

The epidemiological evidence available indicates that vig-
orous-intensity and moderate-intensity physical activity
may reduce mortality to the same extent, after controlling
by the volume of physical activity. However, the absence
of the evidence must not be interpreted as evidence of
absence. This systematic review, indeed, shows that there
are still very few prospective studies specifically designed
to examine the role of intensity of physical activity on
mortality, and important methodological flaws were
observed in the literature (ie, risk of bias due to con-
founding and lack of objective assessments of physical
activity).
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