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s running associated with

a lower risk of all-cause,

cardiovascular and cancer mortality, and is the more
the better? A systematic review and meta-analysis
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ABSTRACT

Objective To investigate the association of running
participation and the dose of running with the risk of
all-cause, cardiovascular and cancer mortality.

Design Systematic review and meta-analysis.

Data sources Journal articles, conference papers and
doctoral theses indexed in Academic Search Ultimate,
CINAHL, Health Source: Nursing/Academic Edition,
MasterFILE Complete, Networked Digital Library of
Theses and Dissertations, Open Access Theses and
Dissertations, PsycINFO, PubMed/MEDLINE, Scopus,
SPORTDiscus and Web of Science.

Eligibility criteria for selecting studies Prospective
cohort studies on the association between running

or jogging participation and the risk of all-cause,
cardiovascular and/or cancer mortality in a non-clinical
population of adults were included.

Results Fourteen studies from six prospective cohorts
with a pooled sample of 232 149 participants were
included. In total, 25951 deaths were recorded during
5.5-35year follow-ups. Our meta-analysis showed that
running participation is associated with 27%, 30% and
23% lower risk of all-cause (pooled adjusted hazard
ratio (HR)=0.73; 95% confidence interval (Cl) 0.68 to
0.79), cardiovascular (HR=0.70; 95% CI 0.49 to 0.98)
and cancer (HR=0.77; 95% CI 0.68 to 0.87) mortality,
respectively, compared with no running. A meta-
regression analysis showed no significant dose—response
trends for weekly frequency, weekly duration, pace and
the total volume of running.

Conclusion Increased rates of participation in running,
regardless of its dose, would probably lead to substantial
improvements in population health and longevity. Any
amount of running, even just once a week, is better
than no running, but higher doses of running may not
necessarily be associated with greater mortality benefits.

INTRODUCTION

Global and national public health authorities recom-
mend that adults take part in 150 min of moderate
to vigorous physical activity (MVPA) each week.'”
The epidemiological literature strongly supports
the beneficial associations of the total amount of
MVPA with health outcomes.®™'? Several systematic
reviews and meta-analyses have summarised the
evidence for the association between MVPA and the
risk of disease-specific and all-cause mortality.''™'
For example, one meta-analysis found that insuf-
ficient MVPA (defined as not meeting the current
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World Health Organization (WHO) guidelines
for MVPA') is associated with a 28% higher risk
of all-cause mortality, compared with sufficient
MVPA.Y Considering the high levels of physical
inactivity globally, Lee and colleagues estimated
that more than 5 million premature deaths a year
would be prevented if physically inactive people
became sufficiently active.'® Considerable interest
has also been shown in the effects of different types
of physical activity (eg, walking, cycling, running,
swimming) on health and risk of premature
mortality.”* In other words, for a given amount
of MVPA, does the type of physical activity matter?

Running is among the most popular types of
physical activity. It has been estimated that each
month around 3.7million (8.5%) English adults
take part in running as a sport or recreational
activity.” Other countries, such as Australia®® and
the USA,” also have high participation rates. The
2017 Physical Activity Council’s survey ranked
running in the top 10 preferred activities in which
inactive 25-44-year-old US adults wished to take
part.”® Given its popularity, running has great
potential for improving population health. The
Royal College of General Practitioners (RCGP) has
acknowledged this potential by partnering with the
parkrun UK initiative, to promote the uptake of
running and walking among general practitioners
and their patients.”’

In a systematic review, Oja et al'” concluded that
the evidence for health benefits is scarce for partici-
pation in all sports except for running and football.
The authors concluded that there is (i) moderate
evidence for the associations between running and
improved aerobic fitness, cardiovascular function
and running performance; (ii) limited evidence
for associations of running with improvements
in metabolic fitness, adiposity status and postural
balance; and (iii) inconclusive evidence for the
associations of running with cardiac adaptation,
muscular strength and disease-specific and all-cause
mortality.'” Oja et al'” identified only one study
on running participation and the risk of mortality.
A subsequent, comprehensive narrative review
summarised the evidence for the association of
running and a range of health outcomes, including
major cardiometabolic outcomes, bone and respi-
ratory health, disability and disease-specific and
all-cause mortality.”” The strength of the associ-
ation between running participation and the risk
of all-cause and disease-specific mortality varied
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Review

across different studies.”> To date, no meta-analysis has synthe-
sised evidence on the association between running participation
and the risk of mortality.

To enable evidence-based prescribing of running as a health-en-
hancing physical activity, it is crucial to identify its optimal dose.
The 'dose’ of running is usually defined by its frequency (eg, two
times a week), overall duration in a given period (eg, 40 min/
week), pace (eg, 10km/h) and the total volume (eg, expressed
as the product of the overall weekly duration of running and
the metabolic equivalent (MET) of running at a given pace; 800
MET-min/week).*® *! It might be expected that higher running
doses would lead to better health outcomes, such as improved
physical and metabolic fitness.*> However, contrary to this
assumption, Schnohr e al*' suggested there may be a U-shaped
relationship between the dose of running and the risk of all-cause
mortality. Compared with ‘sedentary’ non-runners, those who
ran <2.5hours a week, those who ran less than four times a
week and those who ran at a slow or average pace had signifi-
cantly lower risks of all-cause mortality.*' No statistically signifi-
cant adjusted hazard ratios (HRs) were found for those who ran
=>2.5 hours a week, those who ran four or more times a week
and those who ran at a fast pace.”® The U-shaped relationship
may be explained by possible pathological changes in cardiovas-
cular tissues induced by extreme doses of endurance sports over a
long term—for example, the development of patchy myocardial
fibrosis, creating a substrate for heart arrhythmias.> However, a
relatively small number of participants in the study of Schnohr et
al’! were classified as “strenuous” runners and only a few deaths
were registered in this group, limiting the statistical power of
the analysis. The finding has sparked much discussion among
researchers.?? 334" To date, the available evidence on the dose—
response relationship between running and the risk of mortality
has not been synthesised in a meta-analysis.

The aim of this systematic review and meta-analysis was,
therefore, to synthesise available evidence on the association of
running participation and the dose of running with the risk of
all-cause, cardiovascular and cancer mortality.

METHODS

This review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.*! The review protocol has been registered in the
International Prospective Register of Systematic Reviews—
PROSPERO (registration id: CRD42016049965).

Literature search

We systematically searched PubMed/MEDLINE, Scopus,
EBSCOHost (including Academic Search Ultimate, CINAHL,
Health Source: Nursing/Academic Edition, MasterFILE
Complete, PsycINFO and SPORTDiscus), and Web of Science
for journal articles and conference papers published from the
database inception to February 2019. Additionally, we searched
for doctoral and master theses through the Networked Digital
Library of Theses and Dissertations and Open Access Theses
and Dissertations databases. The searches were performed by
combining the keywords “running”, “jogging”, “runner*” and
“jogger®” with the keywords “mortalit*”, “death*” and “fatal*”.
The search syntax can be found in online supplementary file
1. The reference lists of all included studies were checked to
identify any titles that were not considered for inclusion in
the primary literature search. The discrepancies of the litera-
ture search from the registered protocol are specified in online
supplementary file 2.

Study selection

Two authors (ZP and NS) independently assessed the identi-
fied publications for relevance. When needed, disagreement
was resolved by discussion with a third author (JG). Studies
meeting the following criteria were included in this review: (1)
a prospective cohort study; (2) adult sample (=18 years of age);
(3) non-clinical study population (ie, a population not defined by
the presence of a disease or a health condition); and (4) reporting
an association between participation in running or jogging and
the risk of all-cause, cardiovascular and/or cancer mortality.

Data extraction

Using a predefined form, two authors (ZP and NS) independently
extracted the following data from the included studies: (1) study
date and location; (2) type of sample, sample size and gender
distribution; (3) age of study participants (range and mean+SD);
(4) duration of follow-up; (5) number of person-years; (6)
number of runners and non-runners in the sample; (7) number
of deaths in the total sample, among non-runners and among
runners; (8) the method of running assessment; (9) the mode of
outcome assessment; (10) adjustments for potential confounding
variables; (11) type of statistical analysis; and (12) key results for
the association of running participation and the dose of running
with the risk of all-cause, cardiovascular and cancer mortality
(online supplementary tables 1 and 2). Discrepancies in the
extracted data were resolved by discussion with a third author
(JG). Where needed, we also asked the authors of the included
studies to provide unpublished data.

Assessment of study and evidence quality

Two authors (NL and SJHB) independently assessed the quality of
included studies using the Newcastle-Ottawa Quality Assessment
Scale (NOS) for cohort studies.** Details of the scale items and the
scoring system can be found elsewhere.** The appraised studies
were classified based on their overall score on the NOS scale as
“poor quality” (0-3 points), “fair quality” (4-6 points) or “good
quality” (7-9) points. Discrepancies in the results of the two inde-
pendent quality assessments were resolved by a third author (JG).

Assessment of adjustments for confounding

The appropriateness of adjustments for confounding in each study
was assessed against directed acyclic graphs (DAGs).* A possible
representation of the directions of relationships is presented in
figure 1. According to this DAG, to estimate the effect of running
(through subsequent health status) on mortality risk, it would be
necessary to adjust for sociodemographic factors, unhealthy life-
style (eg, smoking, alcohol intake and dietary habits), adiposity,
health status and physical activity other than running.

Data analysis

If several analyses had been conducted on the same cohort and

published separately, our meta-analyses included estimates from

the publication with the longest follow-up. We pooled individual

HRs from the models that satisfied (or were the closest to satis-

fying) the adjustment requirements specified according to the

DAG in figure 1; which is likely to provide conservative estimates.

We did this using a random-effects meta-analysis, separately for

all-cause, cardiovascular and cancer mortality. We carried out the

following additional analyses for all-cause mortality:

1. A subgroup analysis by gender;

2. A sensitivity analysis in which we included only studies clas-
sified as “good quality™;
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Figure 1 Directed acyclic graph for the relationship between running
participation and mortality risk. Green circle, exposure; blue circle,
outcome; light grey circle, unobserved variable; dark grey circle, other
variable; arrow, direction of the causal relationship.

3. A sensitivity analysis in which we included the most recent
study from the Copenhagen City Heart Study cohort™ in-
stead of the study with the longest follow-up and the largest
sample size;*

4. A sensitivity analysis in which we included HRs from an al-
ternative model in the study of Lee et al*® (see description of
model 2 in online supplementary table 1);

5. A sensitivity analysis in which, additionally, we replaced HRs
from the study of Oja et al'® with estimates from the study of
Stamatakis et al'>—that is, a subsequent analysis of the same
data with further adjustments for social class and household
income.

We also carried out the same sensitivity analyses as (4) and (5)
above for cardiovascular disease mortality. We assessed statistical
heterogeneity of the HRs using the I* statistic, where I* values
of 0-40%, 30-60%, 50-90% and 75-100% were considered
to represent low, moderate, substantial and high heterogeneity,
respectively.*” We could not assess publication bias using Egger’s
asymmetry test, owing to the small number of included studies.*®

The dose-response relationships from individual studies were
pooled using a random-effects meta-regression analysis with
restricted maximum likelihood estimation. Before the meta-re-
gression analysis, the doses reported in individual studies were
harmonised according to the closest midpoint by one author
(ZP). The results of the process were checked for consistency
and accuracy by another author (ST). If several studies presented
data on dose-response relationships for the same cohort, we
included the study with the most detailed classification of dose.
The categories of dose can be found in online supplementary
table 2. We considered linear, quadratic, log-linear and log-qua-
dratic models when examining the dose-response curves. The
model selection was based on the Akaike information criterion
(AIC). The model with the smallest AIC statistic was considered
to have the best balance between simplicity and goodness of fit.
All analyses were conducted in R (R Foundation for Statistical
Computing, Vienna, Austria), using the ‘metafor’ package.*’

RESULTS

Search and study selection results

The primary search resulted in a total of 19315 references
(figure 2). After removing 4912 duplicates, we assessed 14403

Academic Search Ultimate 1,761
CINAHL 355

Health Source:
Nursing/Academic Edition 214
MasterFILE Complete 50
NDLTD 2,311

OATD 415

PsycINFO 366
PubMed/MEDLINE 2,190
Scopus 3,227

SPORTDiscus 243

Web of Science 8,183

A 4

19,315 search results
with duplicates

4,912 duplicates
excluded

A 4

14,403 titles/abstracts
assessed

14,361 records
excluded

A 4

29 studies excluded
e 4 studies: Did not
v include running vs.
not running as an
explanatory variable
2 studies: Did not
include mortality as
the outcome variable
5 studies: Relevant
findings available in
13 publications included another publication
in the primary search e 18 studies: Not a
primary research
article

42 full-text publications
assessed for eligibility

A 4

A 4

Eligible publications

identified in the

secondary search

e 1 article from the
reference lists of
included papers

14 publications from 6
cohorts included

Figure 2 Flow diagram of the search and study selection process.

references against the inclusion criteria. Of these, 13 publica-
tions!® 30 31 4446 5056 mer all the inclusion criteria. Addition-
ally, one eligible publication' was identified in the secondary
search, from the reference lists of the included papers. This
resulted in a total of 14 included publications, reporting results
from the following cohort studies: the Aerobics Center Longi-
tudinal Study (USA);*® *¢ 3 the Copenhagen City Heart Study
(Denmark);*! ** 3¢ the Health Survey for England and the Scot-
tish Health Survey (UK; hereinafter referred to as a single study,
as their data were pooled);'® ™ the National Health and Nutri-
tion Examination Survey (USA);’** the Shanghai Men’s Health
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Study HR (95% Cl)
Chakravarty et al., 2008 0.61 (0.45, 0.82)
Lee et al., 2014 — 0.70 (0.64, 0.77)
Oja et al., 2017 —— 0.87 (0.68, 1.11)
Schnohr et al., 2013 [f] —_— 0.71 (0.50, 1.01)
Schnohr et al., 2013 [m] ——t 0.78 (0.64, 0.94)
Wang et al., 2013 —— 0.79 (0.63, 0.99)
RE Model - 0.73 (0.68, 0.79)
T T T T T T 1

T
0405 0708 1.0 1215 20 25
Favours runners Favours non—runners

Figure 3 Running participation and all-cause mortality risk: a
meta-analysis of hazard ratios. HR, adjusted hazard ratio (the list of
variables that were adjusted for in each study is available in online
supplementary table 1); 95% Cl, 95% confidence interval for HR; f,
female subsample; m, male subsample; RE Model, pooled effect size
from a random-effects meta-analysis model.

Study (China);’! and a cohort of runners from the 50+Runners
Association with controls from the Stanford University Lipid
Research Clinics Prevalence Study (USA).%%% %

Study characteristics

The study of Wang et al’' included only men, while the other
studies included both sexes (online supplementary table 1). Four
study samples were population-representative,'s* 313 while two
studies used convenience samples.* ** The pooled sample size
from the studies included in this review is 232 149, with indi-
vidual study samples ranging from 961 to 80306 participants.
In all included studies, the data on running participation were
collected using self-reports, and the participants classified as
runners (ie, the exposure group) comprised around 10% of the
pooled sample. The mortality data in all studies were obtained
from national death registers, with follow-up across individual
studies ranging from 5.5 to 35 years. In total, 25 951 deaths were
recorded in the study samples during follow-up.

Adjusted HRs suitable for meta-analysis of the association
between running participation and the risk of all-cause mortality
were available from all cohorts except the National Health and
Nutrition Examination Survey** (online supplementary table 1).
Three studies reported adjusted HRs suitable for inclusion in the
meta-analysis of the association between running participation
and the risk of cardiovascular mortality.’® *° *! Adjusted HRs
suitable for the meta-analysis of the association between running
participation and the risk of cancer mortality were available in
three studies®®** °! and obtained upon request from the authors
of one additional study.'®

Findings on the relationship between the dose of running
and the risk of all-cause mortality were available in five publi-
cations from three cohort studies (online supplementary table
2).18 30314546 Apalyses of dose-response relationships using
the data from the Aerobics Center Longitudinal Study were
conducted by Lee et al.’® * The study of Lee et al’® includes
a more detailed classification of weekly duration, weekly
frequency and total volume of running, but in this study they did
not analyse the relationship between running pace and mortality
risk as they did in their earlier study.*® Analyses of dose—response
relationships from the Copenhagen City Heart Study data were
conducted by Schnohr et al.>' * The later study by Schnohr ez
aP! presented a more detailed analysis. Furthermore, findings

on the relationship between the dose of running and the risk
of cardiovascular mortality were available in three publications
from two cohort studies.'® ** *¢ The relationship between the
dose of running and the risk of cancer mortality was analysed
in one study.”

The studies by Fries et al,”> Wang et al>” and Schnohr et a
were conducted using data from shorter follow-ups and with
fewer deaths than more recent studies from the respective
cohorts.” ** Schnohr et al** was the most recent publication
from the Copenhagen City Heart Study reporting the associ-
ation between running and mortality. However, they included
only participants of the third examination (1991-1994), which
resulted in a shorter follow-up, a smaller sample size and
fewer deaths than in a previous study from the same cohort.*’
Furthermore, in the study of Stamatakis et al,'’ a large amount
of missing data for the two additional variables included in the
model (added on top of the original set of variables used in the
Oja et al'® study) resulted in a significantly reduced sample size
compared with the original study.'®

1’52 l53 156

Methodological quality of the included studies

The included studies were given overall scores ranging from four
to nine points out of the maximum of nine points on the NOS
(online supplementary table 3). Based on the overall scores, one
study®® was classified as being of “fair quality”, while all other
studies were classified as being of “good quality”.

Adjustments for confounding

Models in the Oja et al,'® Stamatakis et al,’ Schnohr et al*’
and Wang et al’' studies, satisfied all the requirements for causal
effect identification specified in figure 1. The other studies did
not adjust for all the variables. For example, Chakravarty et al*’
presented HRs adjusted for age, gender and initial disability. Lee
et al*® calculated HRs adjusted for age, sex, examination year,
smoking status, alcohol consumption and other physical activi-
ties except running in one model and HRs adjusted for age, sex,
examination year, smoking status, overweight/obesity, parental
cardiovascular disease, abnormal electrocardiogram, hyperten-
sion, diabetes and hypercholesterolaemia in another.

Results of meta-analyses

Running participation and the risk of all-cause mortality

The random-effects meta-analysis of adjusted HRs showed
running participation was associated with a reduction in the
risk of all-cause mortality of 27% over the follow-up periods
(figure 3; HR=0.73; 95% confidence interval (CI) 0.68 to 0.79;
£<0.001). No significant heterogeneity in the effect sizes was
found across the five studies (I*=8.54%). Similar results were
obtained in all four sensitivity analyses (online supplementary
figures 1-4).

A subgroup meta-analysis by sex showed similar results to those
of the main analysis (online supplementary figures 5 and 6). The
analysis for women included HRs from two studies* *¢ and for
men from three studies.* **3! The random-effects meta-analysis
of adjusted HRs showed running participation was associated
with a reduction in the risk of all-cause mortality of 34% for
women (HR=0.66; 95%CI 0.52 to 0.83; p<0.001) and 27%
for men (HR=0.73; 95% CI 0.67 to 0.79; p<0.001). No signif-
icant heterogeneity was found between the effect sizes from
different studies (I*<0.001% for both analyses).

Running participation and the risk of cardiovascular mortality
The random-effects meta-analysis of adjusted HRs showed
running participation was associated with a reduction in the risk
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Study HR (95% Cl)

Lee etal., 2014 0.55 (0.46, 0.65)

Oja etal., 2017 0.81(0.47, 1.39)

Wang et al., 2013 0.90 (0.60, 1.36)

RE Model S 0.70 (0.49, 0.98)

I T T T T T T 1
04 05 0708 1.01.215 20 25
Favours runners Favours non—-runners

Figure 4 Running participation and cardiovascular mortality risk: a
meta-analysis of hazard ratios. HR, adjusted hazard ratio (the list of
variables that were adjusted for in each study is available in online
supplementary table 1); 95% Cl, 95% confidence interval for HR; RE
Model, pooled effect size from a random-effects meta-analysis model.

Study HR (95% Cl)
Lee et al., 2016 —— 0.79 (0.68, 0.92)
Ojaetal., 2017 —_—. 0.65 (0.43, 0.97)
Schnohr et al., 2013 [f] 0.68 (0.38, 1.23)
Schnohr et al., 2013 [m] — . 0.82 (0.58, 1.16)
Wang et al., 2013 — 0.74 (0.54, 1.02)
RE Model - 0.77 (0.68, 0.87)

I T T T T T T 1
0.4 05 0708 1.0 1215 20 25
Favours runners Favours non—-runners

Figure 5 Running participation and cancer mortality risk: a meta-
analysis of hazard ratios. HR, adjusted hazard ratio (the list of

variables that were adjusted for in each study is available in online
supplementary table 1); 95% Cl, 95% confidence interval for HR; f,
female subsample; m, male subsample; RE Model, pooled effect size
from a random-effects meta-analysis model; the meta-analysis included
the adjusted HR from the study of Lee et a/.°

of cardiovascular mortality of 30% over the follow-up periods
(figure 4; HR=0.70; 95% CI 0.49 to 0.98; p=0.040). Substan-
tial heterogeneity in the effect sizes was found across the three
studies (I*=63.44%). Similar pooled HRs were obtained in both
sensitivity analyses (online supplementary figures 7 and 8).

Running participation and the risk of cancer mortality

The random-effects meta-analysis of adjusted HRs showed
running participation was associated with a reduction in the risk
of cancer mortality of 23% over the follow-up periods (figure 5;
HR=0.77;95% CI 0.68 to 0.87; p<0.001). There was no signif-
icant heterogeneity between the effect sizes from the four indi-
vidual studies (I*<0.0019%).

Dose of running and the risk of mortality

We conducted meta-regression analyses only for the dose—
response relationship between running and all-cause mortality
(figure 6), because insufficient data from individual studies were
available for cardiovascular and cancer mortality as outcome
variables. In all four meta-regression analyses, the linear model
had the lowest AIC value (12.36, 2.76, 7.41 and 13.95 in the
analysis for frequency, duration, pace and volume, respectively)

compared with the other models. This suggested that the most
parsimonious representation of the dose-response data was
provided by a linear fit. However, no significant trends for
dose-response were found (p>0.05 for all). There was moderate
heterogeneity between the studies included in the meta-regres-
sion analyses for frequency, duration and pace of running.
The I* values were 47.62%, 32.88% and 41.25%, respec-
tively. We found substantial heterogeneity between the studies
included in the meta-regression for the total volume of running
(I’=62.57%). The meta-regression coefficients for the linear
trend are presented in online supplementary table 4. They can
be used to calculate the estimated pooled HR from the three
analysed cohorts for a given dose of running. For example, the
estimated pooled HR for the total volume of running of 675
MET-min/week (ie, roughly equivalent to the recommended
weekly minimum of MVPA') is 0.68 (95% CI 0.51 to 0.78).

DISCUSSION

Key findings

This systematic review synthesised results of 14 studies from six
prospective cohorts with a pooled sample of more than 230 000
participants. The main finding is that running participation is
associated with 27%, 30% and 23% reduced risk of all-cause,
cardiovascular and cancer mortality, respectively. A meta-regres-
sion analysis combining results from three cohort studies showed
no significant dose-response trends. Even the smallest doses of
running that were examined in the available studies (i.e. <1time
a week, <50min a week, <6 mph and <500 MET-min/week)
were found to confer significant all-cause mortality benefits. We
found no evidence that mortality benefits increase with greater
amounts of running.

Comparison with other studies

The systematic review by Oja and colleagues'” included only one
study on running participation and mortality risk. Two articles
presented findings of more recent literature searches on health
outcomes of running,”**” but they were both narrative reviews
and did not conduct meta-analyses to quantitatively estimate
the pooled associations of running with health outcomes. To
our knowledge, the current study is the first meta-analysis of
the association between running participation and the risk of
mortality.

A meta-analysis by Kelly and colleagues®' found that 675
MET-min/week of walking and cycling (ie, roughly equivalent to
the current WHO MVPA recommendations') is associated with
a reduction in the risk of all-cause mortality by 11% (95% CI
4% to 17%) and 10% (95% CI 6% to 13%), respectively. In
the sample of three cohort studies included in our meta-regres-
sion analysis, we found that the same weekly volume of running
conferred significantly greater mortality benefit (32%; 95% CI
22% to 49%). However, the difference between mortality
benefits for running, walking and cycling seems to disappear at
moderate and high total volumes of these activities. The ratios
of metabolic rates of walking, cycling and running to the resting
metabolic rate (ie, METs) vary significantly between and within
individuals, depending greatly on the pace of activity.”® We spec-
ulate that during short exercise/activity sessions, the intensity
(expressed in METs) is, on average, higher for running than for
walking and cycling. This would explain the observed difference
between mortality benefits,”' given that greater reductions in
mortality risk are associated with participation in vigorous-in-
tensity sports and exercise than with participation in activities
of lower intensities.'* This finding warrants further research,
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Figure 6 Dose of running and all-cause mortality risk: a meta-regression of hazard ratios. Blue circle, an adjusted hazard ratio (HR) from Lee et a/*®
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I"® ; green circle, HR from Schnohr et al;*' The size

of a circle is proportional to the precision of each study’s estimated HR at the specified dose.

to directly compare the associations of running, walking and
cycling with the risk of mortality in the same study sample(s).

A recent meta-analysis summarised the results of 35 running
interventions (randomised controlled trials) among a total
sample of more than 2000 otherwise physically inactive adults.*”
Running roughly 3-4 times and 2-3 hours a week at an inten-
sity of 60-90% of the maximum heart rate for 1year reduced
body fat on average by 2.7%, resting heart rate by 6.7 bpm and
triglycerides by 16.9 mg/dL. At the same time, it increased the
average maximal oxygen uptake (VO, ) by 7.1ml/min-kg and
high-density lipoprotein cholesterol by 3.3 mg/dL. These find-
ings may explain some of the underlying causal pathways linking
running participation and lower mortality risk. In support of this
notion, Lee et al*® found no association between running and
mortality after adjusting for cardiorespiratory fitness. Although
all studies in this review excluded participants with a history of
severe illness at baseline and/or adjusted their analysis for health
status, the possibility of reverse causation between running
participation and health cannot be ruled out. In other words,
the association between running and mortality may partially
be explained by assuming that sick participants (who are more
likely to die) were less likely to participate in running.

Implications for clinicians and policymakers

Some clinicians and public health stakeholders may have been
discouraged from promoting running as a part of “lifestyle
medicine” among their patients and communities, because
vigorous exertion has been linked with sudden cardiac death.®
Our results provide meta-analytic evidence that, in the general

population, the mortality benefit of running outweighs the risk.
Previous studies have suggested that this also holds true for some
clinical populations.”**” However, running might not be a suit-
able activity for all clinical populations, and a clinician may need
to make an informed decision about whether or not to prescribe
it on a case-by-case basis. Furthermore, participation in running
is also associated with an increased injury risk, and the risk
increases with increasing daily duration of the activity.®" If there
is an increased risk of running-related overuse injuries,®* clini-
cians may consider recommending walking or a lower dose of
running. Our findings support such a recommendation by high-
lighting the probable mortality benefits of low running doses.
The WHO guidelines and national physical activity recom-
mendations in many countries (including the UK) suggest that
adults should take part in at least 150 min of moderate-intensity
or 75 min of vigorous-intensity physical activity a week.'* Seven-
ty-fiveminutes a week of physical activity at the lower threshold
for vigorous-intensity (ie, 6 METS) is equal to 450 MET-min/week.
Dose-response analyses from both the Aerobics Center Longitu-
dinal Study®® and the Health Survey for England/Scottish Health
Survey'® showed that even <506 MET-min/week of running are
associated with a significant mortality benefit. These findings
support the physical activity recommendation. However, >80%
of runners seem to run at the pace faster than 6 mph,*® which is
associated with an energy cost of >9.8 METs.*® This means that
many runners could achieve mortality benefits with <50min a
week—that is, in 25 min less than the recommended minimum
amount of vigorous-intensity physical activity. This may be encour-
aging for people who struggle to find the time to exercise, given
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that a perceived lack of time has been consistently identified as a
key barrier to physical activity participation.®’ Furthermore, the
national physical activity recommendations in many countries
suggest that more physical activity may confer additional health
benefits, often referring to =300 min/week of moderate-intensity
or =150 min/week of vigorous-intensity physical activity.® In terms
of running behaviour and mortality risk, the results of our dose—
response analysis do not support this recommendation.

Strengths and limitations of the review and included studies
The key strength of this study was the rigorous methodological
protocol, following PRISMA guidelines for systematic reviews.*!
We searched for eligible publications in a large number of
bibliographic databases using broad search terms, which ensured
that relevant studies were unlikely to be missed. Additionally, we
contacted authors of four included studies'® ** **°% in an attempt
to obtain unpublished data, and we obtained additional data from
one study,'® which improved the comprehensiveness of our anal-
yses. A limitation of this review is that, owing to the small number
of included studies, we could not assess publication bias. More-
over, one of the included studies®* reported a non-significant asso-
ciation between running participation and the risk of all-cause
mortality, but it did not present results suitable for our meta-anal-
ysis. It might, therefore, be that the pooled HR for the association
between running and mortality is somewhat overestimated.

All included studies were of good methodological quality,
except for one study that was of fair quality. Despite their high
scores on the methodological quality checklist, the studies had
some limitations.

First, although the analyses in all studies were adjusted for a
range of variables, their results might have been affected by residual
confounding. For example, one study®® did not adjust for physical
activities other than running. Higher physical activity levels are
associated with a lower risk of mortality."* Not adjusting for this
variable might have led to an incorrect estimation of the effects of
running—that is, an overestimation, if physical activity other than
running was higher among runners than among non-runners, or
an underestimation, if physical activity other than running was
higher among non-runners than among runners. It is worth noting
that Chakravarty et al>® considered aerobic exercise as a covariate,
but they decided not to include it in the final model, because it did
not significantly alter the results. Only four studies™ ' * 3! satis-
fied all the requirements for causal effect identification specified in
figure 1. However, it is possible that some causal relationships are
in the opposite direction than those assumed in the DAG in figure 1.
According to a less ‘conservative’ DAG (online supplementary
figure 9), it would only be necessary to adjust for sociodemographic
factors, unhealthy lifestyle and health status. According to this ‘less
conservative’ DAG, further adjustments for either adiposity or phys-
ical activity other than running would lead to overadjustment.

Second, the criteria for excluding participants in the included
studies were usually limited to a history of cardiovascular disease
or cancer. Other diseases and debilitating conditions might
prevent people from running while at the same time increasing
their risk of dying prematurely.

Third, results of some individual studies might have been
affected by selection bias. For example, in one study,” the expo-
sure group and the controls were not drawn from the same source,
which was reflected in significant baseline differences between the
groups. However, the exclusion of this study from the meta-anal-
ysis for all-cause mortality resulted in no significant change in
the pooled HR. In the dose-response analysis from another
study,’’ those included in the reference group were defined as

“sedentary non-runners”. This might have led to an overestimation
of mortality benefits of running, as it is likely that lower mortality
rates in the exposure group were partially attributable to physical
activity other than running. Owing to the small number of studies
that reported dose-response relationships, we could not conduct a
sensitivity analysis by excluding this study.

Fourth, although it generally seems that running is a relatively
stable habit,* individuals may change their running behaviour
over the years of follow-up. Only two included studies examined
the association between persistence in running behaviour over
time and mortality.*® 3¢

Fifth, although distance is a potentially useful measure of
running dose, it was assessed in one cohort study only.*®

Sixth, the included studies used self-reports to collect data
on running participation. Potential problems with the validity
and reliability of such self-reported data® might have resulted
in attenuated associations between running participation
and mortality. It is reasonable to assume that the shape of the
observed dose-response curves might have been affected by such
limitations of the measurement. Additionally, the questions about
running varied across the cohorts, which might have reduced the
between-study comparability of exposure data.

Seventh, in the meta-analyses, we could not account for the fact
that the weekly frequency, weekly duration and pace of running
were probably co-dependent. A future meta-analysis of individu-
al-level data would be needed to deal with these concerns.®’

Finally, the number of participants in the included studies
and, consequently, the precision of estimates, tended to be lower
for higher doses of running. Although our meta-regression
accounted for the varying precision of estimates across doses, a
larger number of participants with high doses of running would
have improved the pooled estimates.

Conclusions and recommendations for future research
Running participation is associated with a significantly lower
risk of all-cause, cardiovascular and cancer mortality, compared
with no running. Any amount of running, even just once a
week, is better than no running, while higher doses of running
may not necessarily be associated with greater mortality bene-
fits. Increased rates of participation in running, regardless of
its dose, would probably lead to substantial improvements in
population health and longevity.

More studies are needed to examine how sustained running
behaviour, rather than sporadic participation, is associ-
ated with mortality risk. Future studies should also consider

What is already known?
» Itis unclear how running participation and the dose

of running are associated with the risk of all-cause,
cardiovascular and cancer mortality.

What are the new findings?

» Running participation is associated with 27%, 30% and 23%
reduced risk of all-cause, cardiovascular and cancer mortality,
respectively.

» Significant reductions in mortality risk can be expected for
any dose of running, even just once a week or 50 min a week.

» We found no evidence that mortality benefits increase with
higher amounts of running.
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Review

assessing running habits using activity trackers, as these devices
may provide more detailed and accurate insights into running
behaviour.
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