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ABSTRACT
Background/Aim Evidence for the long-term health
effects of specific sport disciplines is scarce. Therefore,
we examined the associations of six different types of
sport/exercise with all-cause and cardiovascular disease
(CVD) mortality risk in a large pooled Scottish and
English population-based cohort.
Methods Cox proportional hazards regression was
used to investigate the associations between each
exposure and all-cause and CVD mortality with
adjustment for potential confounders in 80 306
individuals (54% women; mean±SD age: 52±14 years).
Results Significant reductions in all-cause mortality
were observed for participation in cycling (HR=0.85,
95% CI 0.76 to 0.95), swimming (HR=0.72, 95% CI
0.65 to 0.80), racquet sports (HR=0.53, 95% CI 0.40 to
0.69) and aerobics (HR=0.73, 95% CI 0.63 to 0.85).
No significant associations were found for participation
in football and running. A significant reduction in CVD
mortality was observed for participation in swimming
(HR=0.59, 95% CI 0.46 to 0.75), racquet sports
(HR=0.44, 95% CI 0.24 to 0.83) and aerobics
(HR=0.64, 95% CI 0.45 to 0.92), but there were no
significant associations for cycling, running and football.
Variable dose–response patterns between the exposure
and the outcomes were found across the sport
disciplines.
Conclusions These findings demonstrate that
participation in specific sports may have significant
benefits for public health. Future research should aim to
further strengthen the sport-specific epidemiological
evidence base and understanding of how to promote
greater sports participation.

BACKGROUND
It is well established that physical activity (PA) has
multiple cardiometabolic health benefits.1 This evi-
dence comes largely from studies focusing on
leisure-time PAs and active travel.2–5

Epidemiological cohort studies have suggested
that sports participation is associated with reduced
mortality among middle-aged and older adults.
Samitz et al6 systematically reviewed 80 studies
with 1 338 143 participants for associations
between PA and risk of all-cause mortality. The
domain ‘vigorous exercise and sports’ showed the
largest reduction in risk of all-cause mortality
(RR=0.78) followed by ‘moderate and vigorous
leisure-time activities’ (RR 0.86), ‘moderate activ-
ities of daily living’ (RR=0.90), ‘walking’
(RR=0.93) and ‘PA for transportation’ (RR=0.92).

It has been suggested that vigorous-intensity PA,
that is inherent to many types of sports and exer-
cise, may have a higher impact on reducing all-
cause mortality risk than nonvigorous activities.7

Although sport is often cited as a contributor to
public health, the nature and scope of this relation-
ship remains unclear, particularly with regard to
specific sport disciplines.
A recent systematic review of cross-sectional,

cohort and intervention studies examined the
health benefits of 26 specific sport disciplines.8 The
most commonly studied sport disciplines were
jogging/running, football, gymnastics, recreational
cycling and swimming. According to established
criteria for assessing the strength of evidence,9

there was moderate evidence for health benefits of
jogging/running and recreational football and less
than moderate evidence for all other sport disci-
plines. This review concluded that the existing evi-
dence remains fragmentary and is compromised by
weak study designs.
The aim of the present study was to examine: (1)

the independent associations between participation
in common types of sports and exercise and all-
cause and cardiovascular disease (CVD) mortality;
and (2) the graded exposure–response character-
istics of these associations in a pooled analysis of
10 general population cohorts of adults in England
and Scotland.

METHODS
Sample
The Health Survey for England (HSE) and the
Scottish Health Survey (SHeS) are household-based
general population studies recruiting independent
samples annually since 1991 (HSE) and periodic-
ally (SHeS) since 1995. Sampling is based on a
multistage, stratified probability design aimed at a
nationally representative sample of individuals
living in households.10 11 Interviewers visited the
sampled households and administered the study
questionnaire and measured height and weight.
Each baseline data collection was approved by the
relevant Research Ethics Committees in England
and Scotland. All participants provided written
consent to have their names flagged by the NHS
Central Mortality Register. The present analysis
included individuals aged 30–98 years from the
HSE 1994, 1997, 1998, 1999, 2003, 2004,
2006 and 2008 and from the SHeS 1995,
1998 and 2003, with corresponding linkage to
mortality data. For details of data acquisition and
linkage see ref. 12
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Physical activity assessment
Non-occupational PA was assessed using an established question-
naire that inquired about the frequency and duration of partici-
pation in domestic PA (heavy manual housework, gardening and
‘do-it-yourself ’ activities), walking and sports and exercise in
the 4 weeks prior to the interview.13 Prompt cards were
employed for sports and exercises that contained a number of
groupings, including cycling (for any purpose), swimming, aer-
obics/keep fit/gymnastics/dance for fitness, running/jogging,
football/rugby, badminton/tennis and squash. For each positive
response participants were asked to specify frequency (‘Can you
tell me on how many separate days did you do [activity name]
for at least 15 min a time during the past 4 weeks?’), duration
(‘How much time did you usually spend doing [activity name]
on each day?’) and perceived relative intensity (‘Was the effort
usually enough to make you out of breath or sweaty?’). The con-
vergent validity of the questionnaire has been examined against
accelerometry in a study of over 2000 adults. Spearman’s correl-
ation between questionnaire and accelerometer-based estimates
of MVPA was 0.42 in men (95% CI 0.36 to 0.48) and 0.38 in
women (95% CI 0.32 to 0.45).13

Mortality outcomes
Surviving participants were censored on December 2009 (SHeS)
or February 2011 (HSE). Primary causes of death were diag-
nosed according to the International Classification of Diseases
(ICD) using the ninth (ICD-9) and tenth revisions (ICD-10).
CVD codes recorded from the ICD were 390–459 and 101–
199 from the ninth and tenth revision, respectively (for details
see ref. 12).

Covariates
Height and weight were measured using standard protocols that
have been previously described;12 body mass index (BMI) was cal-
culated as weight (in kilograms) divided by height (in metres)
squared. Additional questions assessed education level (age finished
education), weekly frequency of alcohol consumption, psycho-
logical distress/depression (12-item General Health Questionnaire
score–GHQ-12), smoking status (current, ex, never), presence of
limiting long-standing illness and existing doctor-diagnosed CVD
(angina, stroke, coronary heart disease) and cancer.

Data handling and statistical analyses
The exposure measures were participation in cycling for any
purpose (termed ‘cycling’); swimming; aerobics/keep fit/gymnas-
tics/dance for fitness (termed ‘aerobics’); running/jogging
(termed ‘running’); football/rugby (termed ‘football’) and bad-
minton/tennis/squash combined (termed ‘racquet sports’). Other
sports were considered but were not included in analysis,
because of insufficient statistical power resulting from low par-
ticipation rates. The associations between each exposure and
mortality were examined in terms of:
A. overall participation (none/any);
B. relative perceived intensity (none/lower intensity/higher

intensity) with the responses to the questions ‘Was the effort
usually enough to make you out of breath or sweaty?’ deter-
mining lower versus higher intensity;

C. weekly duration (none/low/high) using the sex-specific
medians of weekly times reported by participators for each
exposure as cut-offs that denote low versus high duration
(see online supplementary table S1 for cut-off values);

D. weekly intensity-weighted volume (metabolic equivalent
(MET)-hours/week) calculated using the PA Compendium14

to assign a MET of activity and considering reported infor-
mation on frequency, duration and relative intensity.
Sex-specific medians of weekly volumes (MET-hours/week)
were used as cut-offs that denote low versus high volume
for each sport (see online supplementary table S1).

Baseline characteristics were summarised by sex. Cox propor-
tional hazards regression was used to investigate the association
between each exposure and all-cause and CVD mortality.
Log-minus-log plots were used to examine proportional hazards
assumptions. Selection of covariates was guided by previous lit-
erature and multivariate analyses were adjusted for age and sex
(Model 1), and additionally adjusted for long-standing illness,
alcohol drinking frequency, psychological distress (GHQ-12
score >3), BMI, smoking status, education level, doctor-
diagnosed CVD (all-cause mortality analyses only) and weekly
PA volume (MET-hours/week excluding the volume of the sport
that was the main exposure in the corresponding model).
Participants who had doctor-diagnosed CVD at baseline
(angina, stroke, IHD) were excluded from the analyses with
CVD mortality as outcome. The linear and quadratic trend p
values were reported for each model. In sensitivity analyses, par-
ticipants who experienced events occurring in the first
24 months of follow-up were excluded. Sensitivity analyses were
also conducted to check the possible ‘overadjustment’ by BMI
in Model 2. As no appreciable differences were found BMI was
retained in the main analyses. No participation was always used
as the reference category. Analyses were carried out with SPSS
V.22 (SPSS, Chicago, Illinois, USA), with the level of statistical
significance set at p<0.05.

RESULTS
The baseline characteristics are shown in table 1. In total, our
analysis included 80 306 individuals with 43 705 women (mean
age=52±15 years) and 36 601 men (mean age=52±14 years).

Overall, 44.3% of the participants (43.1% of women and
45.6% of men) met national PA guidelines. The most common
sport/exercise activity was swimming, followed by cycling, aer-
obics, running, racquet sports and football.

Over an average follow-up of 9.2±4.3 years (corresponding
to 736 463 person-years), 8790 deaths from any cause occurred.
Among the 75 014 participants who did not report doctor-
diagnosed CVD at the baseline and were therefore entered in
the CVD mortality analyses (9.2±4.5 years of follow-up/
693 757 person-years), there were 1909 CVD deaths.

All-cause mortality
Table 2 shows multivariate analyses of the association between
exposure to specific sports and risk of all-cause mortality.

In the most adjusted model compared with no participation
in each activity: cycling participation was associated with a sig-
nificantly reduced risk of all-cause mortality of 15% (HR=0.85,
95% CI 0.76 to 0.95). Swimming participation was associated
with a significantly reduced risk of all-cause mortality of 28%
(HR=0.72, 95% CI 0.65 to 0.80). Running participation was
not associated with a significant reduction in risk of all-cause
mortality (HR=0.87, 95% CI 0.68 to 1.11). Likewise, football
participation was not associated with a significantly reduced risk
for all-cause mortality (HR=0.82, 95% CI 0.61 to 1.11).
Racquet sports participation was associated with a significant
reduced risk of all-cause mortality of 47% (HR=0.53, 95% CI
0.40 to 0.69). Aerobics participation was associated with a sig-
nificant reduced risk for all-cause mortality of 27% (HR=0.73,
95% CI 0.63 to 0.85).
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Cardiovascular disease mortality
Table 3 shows multivariate analyses of the association between
participation in specific sports and risk for CVD mortality.

In the most adjusted model compared with no participation
in each activity: cycling participation was not associated with a
reduced risk for CVD mortality (HR=0.93, 95% CI 0.76 to
1.16). Swimming participation was associated with a significant
reduced risk of CVD mortality of 41% (HR=0.59, 95% CI
0.46 to 0.75). Running participation (HR=0.81, 95% CI 0.47
to 1.39) and football participation (HR=0.90, 95% CI 0.49 to
1.64) were not associated with a significantly reduced risk of
CVD. Racquet sports participation was associated with a signifi-
cant reduced risk of CVD mortality of 56% (HR=0.44, 95% CI
0.24 to 0.83). Aerobics participation was associated with a sig-
nificant reduced risk of CVD mortality of 36% (HR=0.64,
95% CI 0.45 to 0.92).

Dose–response analysis
Online supplementary tables S2 and S3 show the results of the
dose–response analyses for all-cause and CVD mortality, respect-
ively. Mixed dose response relationships were obtained for dif-
ferent sport disciplines. Some showed a significant linear trend
(indicating that reduction in mortality risk increased with higher
intensity, duration and/or volume of sport participation), some
showed a significant U-shaped relationship (indicating that
lower intensity is more beneficial than high intensity or no par-
ticipation), while some provided no indication of dose–response
relationship. Fewer significant dose–response associations were
found for CVD mortality compared with all-cause mortality.

DISCUSSION
In the present large population-based pooled cohort study, we
examined the independent associations of the six most com-
monly practiced types of sport or exercise in Scotland and
England with all-cause and CVD mortality. Swimming, aerobics

and racquet sports were associated with significantly reduced
risk of all-cause and CVD mortality. Cycling was associated with
significantly reduced risk of all-cause mortality, but not CVD
mortality. Our data did not show evidence of significant associ-
ation with mortality risk for participation in running or
football.

As noted, we conducted these analyses in response to a
limited number of previous findings for specific sports/exercise.8

This limited the number of comparisons we could make.
Considering some notable results, at a specific activity level,

our cycling and all-cause mortality result compares well with a
2014 systematic review and meta-analysis of eight studies that
yielded a 10% risk reduction (95% CI 6% to 13%) for cycling
at a standardised dose of 11.25 MET-hours per week.5 We
would suggest our result further confirms the likely magnitude
of effect for cycling.

For swimming, a previous systematic review8 identified three
cohort studies and one intervention study, but the evidence for
all-cause mortality, CVD mortality and adiposity was inconclu-
sive. In contrast, in the present study, swimming participation
showed large and significant associations with all-cause and
CVD mortality; 28% and 41% risk reduction, respectively.

The association between jogging/running and all-cause mor-
tality among healthy adults has previously been addressed by
four large-scale population-based cohort studies.15–18 The find-
ings have been consistent in showing a significant risk reduction
in all-cause and/or CVD mortality. The found significant reduc-
tions in all-cause mortality were 39%,15 30%,16 44%17 and
27% and in CVD mortality 45%.16 Our results showed a signifi-
cant 43% (95% CI 27% to 55%) reduction in all-cause mortal-
ity risk among runners compared with non-runners according
to the age/sex-adjusted model, but a non-significant 13% reduc-
tion in the fully adjusted model. A similar pattern was shown
for CVD mortality. The fully adjusted associations in the present
study are smaller than those reported in the previous studies,

Table 1 Baseline characteristics of the sample by sex

Women (n=43 705) Men (n=36 601) All (n=80 306) p value for sex Δ *

Age, mean±SD (years) 52.0±14.7 51.9±14.3 51.9±14.5 0.285
Body mass index, mean±SD (kg/m2) 27.1±5.3 27.3±4.0 27.2±4.8 <0.001
Long-standing illness† (%) 47.7 47.7 47.7 0.909
Smoking (% current)‡ 24.3 25.5 24.9 <0.001
Alcohol frequency (%≥5 times/week)§ 14.7 25.3 19.5 <0.001
Psychological distress (% with GHQ score ≥4)¶ 16.8 12.5 14.9 <0.001
Age finished education (age 19+) 16.3 20.2 18.1 <0.001
Total physical activity volume, median (MET**-hours/week) 12.1 14.5 13.1 <0.001
Meeting physical activity recommendations (%) 43.1 45.6 44.3 <0.001
Cycling—any intensity (% participated) 7.3 13.0 9.9 <0.001
Swimming—any intensity (% participated) 14.7 11.9 13.4 <0.001
Running—any intensity (% participated) 3.1 7.3 5.0 <0.001
Football—any intensity (% participated) 0.3 6.4 3.1 <0.001
Racquet—any intensity (% participated) 2.7 4.8 3.6 <0.001
Aerobics—any intensity (% participated) 9.8 2.3 6.4 <0.001
CVD prevalence at baseline (%) 5.3 8.2 6.6 <0.001

The Health Survey for England and Scottish Health Survey.
*p value calculated using t-test for continuous or—due to the skewed distribution—the non-parametric Mann–Whitney U-test and likelihood ratio χ2 test for categorical variables.
†Dichotomous variable derived from responses to a series of questions (yes/no) on illness within eight listed body systems (eg, nervous system, digestive system, heart and circulatory
system, etc), at least one illness required to have long-standing illness.
‡Based on one question about smoking status with the options being: never, ex-regular smoker; ex-occasional smoker and current smoker.
§Derived from the question ‘on how many days in the last 7 days did you have an alcoholic drink’.
¶General Health Questionnaire comprises 12 questions related to psychological health (eg, concentration, feeling depressed, etc) with the categories: 0, 1–3 and ≥4.
**MET, metabolic equivalent.
CVD, cardiovascular disease; GHQ, General Health Questionnaire.
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and also statistically non-significant. This was a surprising
finding, and we have considered a number of possible explana-
tions. In our data, there were a relatively low number of mortal-
ity events in the exposure group which contributed to wide CIs
and perhaps the non-significant HRs. Previous studies have also
assessed running participation over longer recall periods16–18

than the current study. It might be that the recall period of
4 weeks used in the current study was not long enough to differ-
entiate long-term and transient behaviour possibly resulting in
misclassification of participants. It seems therefore that while
not significant, our result adds to the body of evidence support-
ing beneficial effects of jogging/running on all-cause and CVD
mortality rather than contradicting it.

Football showed a non-significant reduction in risk of all-
cause and CVD mortality. These non-significant associations
were somewhat unexpected, as the evidence from controlled
intervention studies in a systematic review indicates that partici-
pation in recreational football improves aerobic fitness and car-
diovascular function at rest and reduces adiposity among
previously inactive adults.8 Our finding may reflect the low
prevalence of football in the study population (0.3% among
women, 6.4% among men) and the consequent weaker statis-
tical power in the analyses. We did additional analyses including
only men and the HR (Model 2) remained non-significant for

all-cause and CVD mortality (see online supplementary
table S4).

Participation in racquet sports (including badminton, tennis
and squash) showed significant risk reduction of 47% in all-
cause mortality and 59% reduction in CVD mortality. To the
best of our knowledge little comparable data are available. A
previous systematic review8 identified two studies on tennis and
two on squash. One on tennis was a prospective cohort study,19

which showed decreased CVD risk among tennis players but no
effect among racquetball players.

Strong and significant associations were found for all-cause
and CVD mortality with aerobics participation (including aer-
obics, keep fit, gymnastics and dance for fitness). Additional
analysis including only women indicated more marked reduc-
tion in CVD mortality compared with combined group analysis
(50% versus 36%) (see online supplementary table S4) Aerobic
dance has been shown to be associated with improved cardio-
respiratory fitness20 and this in turn with reduced mortality
risk.21 However, the direct link between participation in aerobic
dance and mortality has not been previously investigated.

In order to place these observations in the context of overall
PA, we have adjusted the analyses for meeting versus not
meeting PA recommendations and for doing any sport versus
doing no sport. The adjusted HRs for all-cause mortality were

Table 2 Associations between sports participation and all-cause mortality in adults aged ≥30 years (n=80 306)

Median age at death Deaths/n
Model 1*
HR (95% CI)

Model 2†
HR (95% CI)

Cycling ‡

None 77.0 8419/72 373 1.00 1.00
Any 69.6 371/7933 0.69 (0.62 to 0.77) 0.85 (0.76 to 0.95)

p value <0.001 0.003
Swimming

None 77.0 8395/69 525 1.00 1.00
Any 69.6 395/10 781 0.58 (0.53 to 0.65) 0.72 (0.65 to 0.80)

p value <0.001 <0.001
Running§

None 77.0 8722/76 294 1.00 1.00
Any 55.5 68/4012 0.57 (0.45 to 0.73) 0.87 (0.68 to 1.11)

p value <0.001 0.252
Football¶

None 77.0 8747/77 830 1.00 1.00
Any 54.0 43/2476 0.63 (0.47 to 0.86) 0.82 (0.61 to 1.11)

p value 0.003 0.175
Racquet sports**

None 77.0 8736/77 391 1.00 1.00
Any 66.0 54/2917 0.38 (0.29 to 0.49) 0.53 (0.40 to 0.69)

p value <0.001 <0.001
Aerobics††

None 77.0 8618/75 165 1.00 1.00
Any 73.4 172/5141 0.60 (0.52 to 0.70) 0.73 (0.63 to 0.85)

p value <0.001 <0.001

*Model adjusted for age and sex.
†Model also adjusted for long-standing illness, alcohol drinking frequency, psychological distress (GHQ score), BMI, smoking status, education level, doctor-diagnosed cardiovascular
disease (IHD, angina, stroke) or cancer, and weekly volume of other physical activity (MET-hours, excluding the volume of the sport that was the main exposure in the corresponding
model).
‡For any purpose.
§Running/jogging.
¶Football/rugby.
**Badminton, tennis, squash.
††Aerobics/keep fit/gymnastics/dance for fitness.
BMI, body mass index; GHQ, General Health Questionnaire; MET, metabolic equivalent.
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0.73 (0.69–0.77, p<0.01) and 0.72 (0.68–0.76, p<0.001),
respectively, and the corresponding HRs for CVD mortality
0.73 (0.66–0.82, p<0.001) and 0.72 (0.64–0.80, p<0.001).
These results suggest that compared with meeting the generic
PA guidelines (which also consider walking), doing any sport
appears to be equally protective for all-cause and CVD
mortality.

We tested for interaction by age (year 50 as cut-point), sex
and PA level (meeting the PA recommendations versus not
meeting them) of each sport participation by entering an inter-
action term in each fully adjusted model. With the exception of
aerobics (sex interaction p=0.022) and cycling (PA level inter-
action p=0.036 for all-cause mortality and p=0.012 for CVD
mortality), there were no interactions by age (p≥0.155), sex
(p≥0.101) or adherence to PA recommendations (p≥0.211).
Cycling appears to be more beneficial among inactive people for
ACM and CVD (data available on request).

Mixed results were obtained for the dose–response relation-
ship between participation in different types of sports and exer-
cise and mortality. For running, we observed no significant
dose–response gradient, which is in accordance with some previ-
ous findings.16 There was some indication of ‘U’-shaped dose–
response relationships between cycling, swimming and racquet

sports participation and mortality, similar as in, for example,
Schnohr et al17 and Wang et al.18 There is an ongoing scientific
debate about the shape of the dose–response relationship
between PA and mortality, with strong arguments supporting
both opposing views. Some contend that the relationship is ‘U’
shaped,22 23 while others argue it is linear.24 25 Our results indi-
cate variable patterns between the dose (intensity, weekly dur-
ation, weekly volume) of sport participation and the outcomes
and highlight the need for further investigation.

It should be noted from tables 2 and 3 that the median age at
death in groups with ‘any’ sport participation is considerably
lower than in the ‘none’ groups. This could initially signal that
participation leads to earlier death. However, we offer an alter-
native explanation of this phenomenon. At baseline, the median
age for the ‘any participation’ groups is considerably lower than
the ‘none’ groups. This means that after 10-year follow-up, the
‘any’ group is still considerably younger. This drives the phe-
nomenon that the median age at deaths in the ‘any’ group is
lower as it is derived from a younger sample.

The strengths of the present study include the large popula-
tion representative sample with genders and a wide age range.
To the best of our knowledge this is the largest existing data set
reporting sport and exercise-specific associations with mortality

Table 3 Associations between sports participation and CVD mortality in adults aged ≥30 years (excluding those with CVD at baseline,
n=75 014)

Median age at death Events/n
Model 1*
HR (95% CI)

Model 2†
HR (95% CI)

Cycling ‡

None 76.0 1818/67 261 1.00 1.00
Any 69.0 91/7753 0.78 (0.63 to 0.97) 0.93 (0.76 to 1.16)

p value 0.023 0.533
Swimming

None 76.1 1837/64 486 1.00 1.00
Any 69.0 72/10 528 0.48 (0.37 to 0.60) 0.59 (0.46 to 0.75)

p value <0.001 <0.001
Running§

None 76.0 1896/71 026 1.00 1.00
Any 56.0 13/3988 0.55 (0.32 to 0.93) 0.81 (0.47 to 1.39)

p Value 0.026 0.451
Football¶

None 76.0 1899/72 558 1.00 1.00
Any 54.0 10/2456 0.74 (0.41 to 1.35) 0.90 (0.49 to 1.64)

p value 0.325 0.736
Racquet sports**

None 76.0 1900/72 131 1.00 1.00
Any 66.0 9/2883 0.32 (0.17 to 0.60) 0.44 (0.24 to 0.83)

p value <0.001 0.011
Aerobic††

None 76.0 1878/70 011 1.00 1.00
Any 73.0 31/5003 0.52 (0.36 to 0.74) 0.64 (0.45 to 0.92)

p value <0.001 0.015

*Model adjusted for age and sex.
†Model also adjusted for long-standing illness, alcohol drinking frequency, psychological distress (GHQ score), BMI, smoking status, education level, doctor-diagnosed cardiovascular
disease (IHD, angina, stroke) or cancer, and weekly volume of other physical activity (MET-hours, excluding the volume of the sport that was the main exposure in the corresponding
model).
‡For any purpose.
§Running/jogging.
¶Football/rugby.
**Badminton/tennis/squash.
††Aerobics/keep fit/gymnastics/dance for fitness.
BMI, body mass index; GHQ, General Health Questionnaire; MET, metabolic equivalent.
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risk. We used extensive national register-based mortality
follow-up assessed independently. For the exposure assessment a
validated questionnaire was used. The analyses controlled for a
comprehensive set of covariates, although we cannot discount
the possibility of residual confounding.

This study was not without limitations. First, the small
number of events impaired the statistical power in some ana-
lyses. There were relatively few deaths due to all causes among
runners and football players, which may explain the wide CIs in
the final adjusted model. The number of CVD deaths was rather
small among all sport/exercise participants and may reflect the
weaker associations especially in the maximally adjusted model
results. Nevertheless, the associations remained robust for swim-
ming, racquet sports and aerobics. Second, seasonality remains
an important issue in PA research, and particularly in our case
investigating sports that may have defined on and off seasons.
The surveys that we used employed sampling over a 12-month
period to account for this issue, but some misclassification and
resulting regression dilution may have reduced the strength of
associations observed. Third, the relatively short recall period
used for the assessment of the sport participation may have led
to additional misclassification in terms of the long-term stability
of the participation. Fourth, the repeat cross-sectional nature of
the survey data available meant we could not assess or account
for changes in participation within individuals. Finally, using
mortality as an outcome may miss social and mental health ben-
efits or reductions in morbidity conferred by sports
participation.

The findings add to the existing body of knowledge suggest-
ing that sport participation is likely to have important potential
to promote public health. Future research should use well-
designed cohort studies to strengthen the evidence based on
the associations between sport participation and mortality and
morbidity, and also consider longitudinal changes in participa-
tion behaviour; conduct intervention studies to investigate if
health benefits of these and other sport disciplines are truly
causal in nature and find more effective ways of increasing
population-level sports participation if the benefits are
confirmed.

CONCLUSIONS
We found robust associations between participation in certain
types of sport and exercise and mortality, indicating substan-
tial reductions in all-cause and CVD mortality for swimming,
racquet sports and aerobics and in all-cause mortality for
cycling. The growing evidence should support the sport com-
munity to develop and promote health-enhancing sport pro-
grammes to reach more people and contribute to greater
proportion of population meeting the PA guidelines for
health.

What are the findings?

We found robust evidence that adults’ participation in
swimming, basketball and aerobics is associated with reduced
all-cause and cardiovascular mortality and participation in
cycling with that of all-cause mortality.

How might it impact on clinical practice in the future?

These new observations with other existing evidence should
support the clinicians to consider sports participation as an
effective form of health-enhancing physical activity.
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ORIGINAL ARTICLE
Various Leisure-Time Physical Activities
Associated With Widely Divergent
Life Expectancies: The Copenhagen
City Heart Study
Peter Schnohr, MD, DMSc; James H. O’Keefe, MD; Andreas Holtermann, PhD;
Carl J. Lavie, MD; Peter Lange, MD, DMSc; Gorm Boje Jensen, MD, DMSc;
and Jacob Louis Marott, MSc
Abstract

Objective: To evaluate the differential improvements in life expectancy associated with participation in
various sports.
Patients and Methods: The Copenhagen City Heart Study (CCHS) is a prospective population study that
included detailed questionnaires regarding participation in different types of sports and leisure-time
physical activity. The 8577 participants were followed for up to 25 years for all-cause mortality from
their examination between October 10, 1991, and September 16, 1994, until March 22, 2017. Relative
risks were calculated using Cox proportional hazards models with full adjustment for confounding
variables.
Results: Multivariable-adjusted life expectancy gains compared with the sedentary group for different
sports were as follows: tennis, 9.7 years; badminton, 6.2 years; soccer, 4.7 years; cycling, 3.7 years;
swimming, 3.4 years; jogging, 3.2 years; calisthenics, 3.1 years; and health club activities, 1.5 years.
Conclusion: Various sports are associated with markedly different improvements in life expectancy.
Because this is an observational study, it remains uncertain whether this relationship is causal. Interest-
ingly, the leisure-time sports that inherently involve more social interaction were associated with the best
longevityda finding that warrants further investigation.

ª 2018 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2018;93(12):1775-1785
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S ubstantial evidence over the past 60
years has shown that physical activity
(PA) reduces risks for both coronary

heart disease (CHD) and all-cause mortal-
ity.1-20 The Copenhagen City Heart Study
(CCHS), a prospective cohort study of approx-
imately 20,000 men and women aged 20 to 98
years, reported associations between mortality
and walking,21 cycling,22 and jogging.23-26

Both walking and cycling were found to be
associated with lower risks for multivariable-
adjusted mortality. For joggers, we found a
multivariable-adjusted increase in survival,
with a U-shaped association between dose of
jogging (calibrated by pace, quantity, and
frequency of jogging) and all-cause mortal-
ity.25 The dose of running that was most
favorable for reducing mortality was jogging
Mayo Clin Proc. n December 2018;93(12):1775-1785 n https://doi.o
www.mayoclinicproceedings.org n ª 2018 Mayo Foundation for M
1 to 2.4 h/wk, with no more than 3 running
days a week, at a slow or average pace.26

Several other reports on running or jogging
have supported the concept that a moderate
dose of exercise is better at conferring
longevity and cardiovascular health than
minimal or extreme doses of exercise.2,27-32

However, the relationship between
different leisure-time sports and life expec-
tancy has not been definitively addressed in
previous studies.33,34 Because various sports
require markedly different intensities and
durations of exercise, muscle groups used,
types of muscle contractions (dynamic vs
static), and social interactions, they are likely
to confer different effects on longevity. The
purpose of this study was to evaluate whether
the longevity benefit conferred by exercise
rg/10.1016/j.mayocp.2018.06.025
edical Education and Research

1775

http://crossmark.crossref.org/dialog/?doi=10.1016/j.mayocp.2018.06.025&domain=pdf
https://doi.org/10.1016/j.mayocp.2018.06.025
http://www.mayoclinicproceedings.org


MAYO CLINIC PROCEEDINGS

1776
varies depending on the type of PA in leisure-
time (LTPA). The specific sports studied were
tennis, badminton, soccer, jogging, cycling,
calisthenics, swimming, and health club
activities.

PATIENTS AND METHODS

Study Population
The CCHS is a prospective population cohort
study initiated in 1976 comprising a random
sample from the Copenhagen Population
Register of 19,329 white men and women
with an age-span of 20 to 93 years. The
current study used the third examination
from October 10, 1991, to September 16,
1994 (n¼10,135). The sampling background
and methods have previously been
described.35 Participants were excluded if
they had a history of CHD (n¼615), stroke
(n¼362), cancer (n¼606), or missing infor-
mation about LTPA (n¼145), leaving 8577
healthy men and women for analyses. All
participants gave written informed consent.
The study, since its inception, has been inde-
pendently funded via the Danish Heart
Foundation.

Survey Methods
Established procedures and examinations for
CHD epidemiological surveys were used.36 A
comprehensive self-administered question-
naire including information about PA levels
(eg, sedentary, light activity, moderate activity,
and high activity)35 was completed and
checked by the staff. Participation and dura-
tion per week regarding 8 different types of
exercise were included in the examination
from 1991 to 1994 for each of the following
sports: tennis, badminton, soccer, jogging,
cycling, low-intensity calisthenics (referred to
as gymnastics among the Danes), swimming,
and health club activities (eg, treadmill, ellip-
tical trainer, and weights). Furthermore,
information about alcohol intake, socioeco-
nomic status, diabetes mellitus, self-rated
cardiorespiratory fitness (CRF), self-rated
muscle strength, self-rated health, social
network, and vital exhaustion was reported.
Height, weight, and blood pressure measure-
ments (sitting position after a 5-minute rest,
using a London School of Hygiene sphygmo-
manometer) were obtained, as well as an
Mayo Clin Proc. n December 2018;9
electrocardiogram and comprehensive labora-
tory blood tests.

End Points
The participants were followed with end point
of all-cause mortality from the third examina-
tion in 1991-1994 to March 22, 2017, by
using the unique personal identification num-
ber in the National Central Person Register. Of
the 8577 participants, none were lost to
follow-up, but 111 (1.3%) were censored at
the date of their emigration out of Denmark.

Statistical Analyses
For each of the 8 sports, a Cox proportional
hazards regression analysis with age as time-
scale and delayed entry was performed with
sedentary individuals as the reference group.
Participants reporting not being sedentary
and not participating in a sport were included
in all Cox regression analyses, but results were
not reported for this group. Adjustment was
done in 2 steps. Model A included adjustment
for age, sex, and weekly volume (total dura-
tion) of all LTPA; model B included adjust-
ment for age, sex, weekly volume of all
LTPA, smoking, education, income, alcohol
drinking habits, and diabetes mellitus. In an
additional analysis, social network was added
to model B as a potential confounder. A
sensitivity analysis with stratification on
educational level was performed to eliminate
potential social status confounding between
the sports.

The assumption of proportionality in the
Cox regression models was tested with the
Lin, Wei, and Ying score process test.37 Mis-
specification of the functional form of total
volume was tested by plotting this continuous
covariate against the cumulative residual and
comparing it to random realizations under
the model.

The differences in survival between the
different sports were estimated by integrating
the model-adjusted mean survival curves.
These Makuch-Ghali curves are the average
of survival curves based on multivariable
Cox models calculated 1 individual at a time
for the entire population.38 Bias-corrected
bootstrap resampling with 10,000 samples
was performed to estimate the survival differ-
ences and their 95% CIs. A P value below
.05 was considered statistically significant.
3(12):1775-1785 n https://doi.org/10.1016/j.mayocp.2018.06.025
www.mayoclinicproceedings.org
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TABLE 1. Characteristics According to Different Types of Sports in Leisure-Time for the 5674 Individuals Engaging in At Least 1 Sporta,b,c

Characteristic
Sedentary physical
activity (N¼1042)

Health club
activities (N¼206)

Swimming
(N¼936)

Calisthenics
(N¼1533)

Cycling
(N¼4833)

Jogging
(N¼504)

Soccer
(N¼184)

Badminton
(N¼388)

Tennis
(N¼167)

Other activities
(N¼755)

Age (y) 61�15 45�14 53�15 57�16 52�15 40�12 39�12 44�14 43�14 49�16

Men 45 46 35 20 47 62 95 65 65 48

Smoking
Never 22 34 28 33 27 39 39 35 33 31
Former 22 29 27 29 25 29 17 21 26 27
Current 56 38 45 38 47 33 44 44 41 43

Alcohol intake
Never 32 14 15 19 15 9 5 8 4 15
1-14/1-21
drinks/wk

51 76 72 70 69 80 77 74 77 71

>14/>21
drinks/wk

17 10 13 10 16 11 17 18 19 14

Education
<Middle school 45 14 23 25 26 7 11 8 4 18
Middle school 35 36 38 39 37 25 37 42 22 37
High school 11 25 18 17 17 31 27 24 27 23
University 8 26 21 19 20 37 25 27 48 22

Househod income
Low 54 26 36 37 31 23 18 23 30 30
Moderate 30 35 36 39 38 37 42 32 23 38
High 16 39 28 24 31 40 39 44 47 32

Diabetes 6 0 3 2 2 1 1 2 1 2

Body mass index
(kg/m2)

27�5 25�3 25�4 24�4 25�4 24�3 25�3 25�3 24�3 25�4

Resting heart rate
(bpm)

76�13 69�12 70�12 71�12 72�12 66�12 68�14 69�12 68�12 69�12

Systolic BP (mm Hg) 141�23 128�18 133�21 135�23 134�21 126�15 128�15 130�19 128�16 131�19

BP medication, % 12 4 7 8 7 1 1 5 2 5

Total cholesterol �6
mmol/L, %

56 36 47 51 47 26 38 39 30 40

Continued on next page
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TABLE 1. Continued

Characteristic
Sedentary physical
activity (N¼1042)

Health club
activities (N¼206)

Swimming
(N¼936)

Calisthenics
(N¼1533)

Cycling
(N¼4833)

Jogging
(N¼504)

Soccer
(N¼184)

Badminton
(N¼388)

Tennis
(N¼167)

Other activities
(N¼755)

Self-rated cardiorespiratory
fitness
Worse than peers 39 8 8 7 10 4 4 8 4 10
Same as peers 51 45 52 51 58 37 49 53 43 45
Better than peers 10 48 40 42 32 59 48 39 52 44

Self-rated muscle strength
Worse than peers 35 8 9 10 10 4 4 6 5 7
Same as peers 55 43 59 58 64 52 58 65 55 53
Better than peers 10 49 32 32 26 44 38 29 39 39

Self-rated health
Terrible/not so good 45 17 17 20 18 10 6 10 6 15
Good 51 65 70 66 72 72 81 77 73 71
Outstanding 4 18 13 14 11 17 13 13 21 14

Vital exhaustion
Score 0 21 31 33 33 33 34 43 36 40 35
Score 1-4 40 47 46 44 47 49 44 48 52 44
Score 5-9 22 18 16 17 16 13 11 14 5 15
Score 10-17 17 4 4 6 5 4 2 2 2 5

Social network
0 contact 4 0 1 1 1 1 0 0 0 1
1-2 contacts 41 17 21 26 25 15 14 15 17 23
3-4 contacts 46 54 55 55 54 54 54 57 53 55
�5 contacts 9 28 23 18 20 30 32 28 30 21

aBP ¼ blood pressure; bpm ¼ beats per minute.
bValues are presented as mean � SD or %. Sex-specific cutoff points are used regarding alcohol intake (men: 21 and women: 14).
cThe first column shows the physical inactive in leisure-time. M
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PHYSICAL HEALTH AND LONG-TERM LIFE EXPECTANCY
All statistical analyses were performed with the
free software environment R version 3.2.0
(http://cran.r-project.org/).

RESULTS
Baseline characteristics are presented in
Table 1. The sedentary participants were older
and had characteristics associated with a
higher risk of all-cause mortality compared
with subjects who participated in at least 1
sport. The characteristics among the physically
active individuals also showed some notable
differences. For example, tennis players and
joggers were more likely to have a university
degree, a better self-rated CRF compared
with peers, and an outstanding self-rated
health.

Out of the 8577 participants, 1042 (12%)
reported being sedentary and 5674 (66%)
engaged in at least 1 sport. The average weekly
volume of all sports was 411 minutes (almost
7 hours), but very large differences were seen
between the sports, ranging from 58 minutes
among swimmers to 386 min/wk among
cyclists. Cyclists spent more than twice the
time on their activity compared with the other
sports, and cycling was also the most prevalent
activity of 56%. Remarkably, 73% of the
cyclists spent more than 4 h/wk riding the
bike. However, the health club activities group
had the longest total duration of all the sports
combined, at 599 min/wk (Table 2).

During the follow-up period of 25 years,
we registered 4448 deaths. The Figure shows
the adjusted all-cause mortality and the survival
increase associated with the 8 different sports.
The following multivariable-adjusted life expec-
tancy gains were found compared with seden-
tary lifestyle: tennis, 9.7 years; badminton, 6.2
years; soccer, 4.7 years; cycling, 3.7 years;
swimming, 3.4 years; jogging, 3.2 years; calis-
thenics, 3.1 years; and health club activities,
1.5 years. The hazard ratios (HRs) for other
sport activities were 0.66 (95% CI, 0.57-0.77)
and 0.76 (95% CI, 0.65-0.89) in model A
and B, respectively. Low social network was a
risk factor for all-cause mortality, but did not
attenuate the association between the different
sports and mortality. When we restricted the
analysis to only individuals with a university
degree, the ranking of various sports according
to HRs remained largely unchanged, although
the 95% CIs were wider due to smaller
Mayo Clin Proc. n December 2018;93(12):1775-1785 n https://doi.o
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103
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148
57
94
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132
93
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680
50

359
701

1878
74
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23

629
45

331
670

1732
64
27
61
16

A

B

Covariates

Adjusted for age, sex, and weekly volume
of all LTPAs

Adjusted for age, sex, weekly volume
of all LTPAs, smoking, education, income,
drinking habits, and diabetes

Sedentary (reference)
Health club activities
Swimming
Calisthenics
Cycling
Jogging
Soccer
Badminton
Tennis

Sedentary (reference)
Health club activities
Swimming
Calisthenics
Cycling
Jogging
Soccer
Badminton
Tennis

No. of
participants

Duration
min/wk

All-cause mortality 

Events HR (95% CI) Bias-corrected survival difference (95% CI)

1.00 (reference)
0.64 (0.48-0.85)**

0.62 (0.54-0.71)***

0.61 (0.54-0.68)***

0.59 (0.53-0.65)***

0.52 (0.41-0.67)***

0.50 (0.35-0.73)***

0.44 (0.35-0.57)***

0.34 (0.22-0.51)***

1.00 (reference)
0.86 (0.63-1.17)
0.71 (0.62-0.82)***

0.73 (0.65-0.82)***

0.69 (0.62-0.77)***

0.72 (0.55-0.94)*
0.61 (0.41-0.90)*
0.53 (0.41-0.69)***

0.36 (0.22-0.59)***

0.0 0.5 1.0 1.5

Hazard ratio

0.0 (reference)
4.4 (1.6-7.2)**

4.7 (3.4-6.0)***

4.9 (3.8-5.9)***

5.2 (4.1-6.3)***

6.4 (4.1-8.6)***

6.6 (3.2-10.0)***

7.9 (5.6-10.3)***

10.4 (6.8-14.0)***

0.0 (reference)
1.5 (–1.3-4.3) 
3.4 (1.9-4.8)***

3.1 (1.9-4.3)***

3.7 (2.6-4.9)***

3.2 (0.6-5.8)*
4.7 (1.4-8.1)**

6.2 (3.3-9.1)***

9.7 (5.6-13.7)***

0 5 10 15

Years

Forest plot

FIGURE. Risk of all-cause mortality in multivariable Cox proportional hazards regression analysis with multivariable-adjusted survival
differences for the 5674 individuals engaging in at least 1 sport compared with the 1042 sedentary individuals. The number of in-
dividuals engaging in sports sums to more than 5674 because participation in more than 1 sport was common and these different
LTPAs were analyzed separately. HR ¼ hazard ratio; LTPA ¼ leisure-time physical activity. *P<.05; **P<.01; ***P<.001.
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numbers of individuals. In this subgroup anal-
ysis of only individuals with a university de-
gree, tennis (HR, 0.26; 95% CI, 0.10-0.69)
and badminton (HR, 0.46; 95% CI, 0.19-
1.12) players had the lowest multivariable-
adjusted risk of mortality compared with
sedentary individuals.

Table 3 presents the pattern of PA accord-
ing to different types of sports in leisure-time.
Cycling is the most frequent activity within
each sport and by far the one with the longest
duration followed by the sport itself (eg, among
tennis players the duration of tennis exceeds
the duration of badminton, soccer, etc).
Cycling represents 55% to 71% of the total
duration in each of the other sports, and the
sport itself accounts for approximately 20%.

DISCUSSION
Surprisingly, we found that tennis players had
the longest expected lifetime among the 8
different sports. They were followed by
badminton players, soccer players, and jog-
gers. By far the smallest improvement in life
expectancy was noted in people who
Mayo Clin Proc. n December 2018;9
predominantly did health club activities (eg,
treadmill, elliptical, stair-climber, stationary
bikes, and weightlifting). The large differences
in life expectancy gains were not accounted for
by the wide differences in duration of the
various sports, as highlighted by the finding
that the cohort of people who spent the
most time exercisingdhealth club activities
groupdwas the one that showed the smallest
improvement in longevity.

Possibly, the observed differences in mor-
tality benefits were due to the differing social
aspects of the various sports studied. Interest-
ingly, sports that require 2 or more individuals
to play together and socially interactdtennis,
badminton, and soccerdwere the sports that
were associated with the best improvements
in longevity, whereas the less inherently inter-
active forms of PA, such as jogging, swim-
ming, cycling, and health club activities,
were associated with less impressive longevity
benefits. This is in line with previous studies
consistently showing that social isolation is
among the strongest predictors of reduced
life expectancy.39 Sports such as badminton
3(12):1775-1785 n https://doi.org/10.1016/j.mayocp.2018.06.025
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TABLE 3. Distribution of Physical Activity According to Different Types of Sports in Leisure-Time for the 5674 Individuals Participating in At Least 1 Sport

Characteristic
Health club

activities (N¼206)
Swimming
(N¼936)

Calisthenics
(N¼1533)

Cycling
(N¼4833)

Jogging
(N¼504)

Soccer
(N¼184)

Badminton
(N¼388)

Tennis
(N¼167)

Other activities
(N¼755)

Ranking of activities by
participation frequency
Ranked first

Participation, %
Cycling

(76.7)
Cycling

(80.4)
Cycling

(68.8)
Calisthenics

(21.8)
Cycling

(88.3)
Cycling

(83.2)
Cycling

(83.5)
Cycling
(87.4)

Cycling
(76.0)

Ranked second
Participation, %

Calisthenics
(25.2)

Calisthenics
(35.9)

Swimming
(21.9)

Swimming
(15.6)

Calisthenics
(27.6)

Jogging
(28.8)

Jogging
(20.4)

Badminton
(29.3)

Calisthenics
(23.7)

Ranked third
Participation, %

Swimming
(24.8)

Jogging
(13.4)

Other activities
(11.7)

Other activities
(11.9)

Swimming
(24.8)

Other activities
(21.7)

Calisthenics
(15.5)

Jogging
(28.1)

Jogging
(16.3)

Ranked fourth
Participation, %

Jogging
(22.3)

Other activities
(12.1)

Jogging
(9.1)

Jogging
(9.2)

Other activities
(24.4)

Badminton
(17.9)

Swimming
(15.2)

Other activities
(21.0)

Swimming
(15.0)

Ranked fifth
Participation, %

Other activities
(20.9)

Badminton
(6.3)

Badminton
(3.9)

Badminton
(6.7)

Badminton
(15.7)

Swimming
(11.4)

Other activities
(14.9)

Calisthenics
(20.4)

Badminton
(7.7)

Ranked sixth
Participation, %

Badminton
(8.7)

Health club
activities (5.4)

Health club
activities (3.4)

Health club
activities (3.3)

Soccer
(10.5)

Tennis
(9.8)

Tennis
(12.6)

Swimming
(18.6)

Health club
activities (5.7)

Ranked seventh
Participation, %

Tennis
(7.3)

Tennis
(3.3)

Tennis
(2.2)

Soccer
(3.2)

Tennis
(9.3)

Calisthenics
(8.2)

Soccer
(8.5)

Soccer
(10.8)

Soccer
(5.3)

Ranked eighth
Participation, %

Soccer
(4.9)

Soccer
(2.2)

Soccer
(1.0)

Tennis
(3.0)

Health club
activities (9.1)

Health club
activities (5.4)

Health club
activities (4.6)

Health club
activities (9.0)

Tennis
(4.6)

Ranking of activities
according to duration
Ranked first

% of total duration
Cycling

(55.1)
Cycling

(71.0)
Cycling

(66.4)
Cycling

(83.9)
Cycling

(59.2)
Cycling

(54.7)
Cycling

(61.8)
Cycling
(54.9)

Cycling
(56.3)

Ranked second
% of total duration

Health club
activities (24.1)

Swimming
(11.8)

Calisthenics
(22.5)

Calisthenics
(4.4)

Jogging
(17.3)

Soccer
(24.0)

Badminton
(19.3)

Tennis
(18.6)

Other activities
(29.5)

Ranked third
% of total duration

Calisthenics
(5.9)

Calisthenics
(7.0)

Other activities
(3.9)

Other activities
(4.1)

Other activities
(7.0)

Other activities
(7.0)

Other activities
(5.4)

Other activities
(7.5)

Calisthenics
(5.1)

Ranked fourth
% of total duration

Jogging
(4.6)

Other activities
(3.8)

Swimming
(2.8)

Jogging
(1.9)

Calisthenics
(5.2)

Jogging
(5.8)

Jogging
(3.6)

Badminton
(4.7)

Jogging
(3.0)

Ranked fifth
% of total duration

Other activities
(4.0)

Jogging
(2.8)

Jogging
(2.0)

Swimming
(1.8)

Badminton
(2.7)

Badminton
(3.1)

Calisthenics
(3.2)

Jogging
(4.5)

Health club
activities (1.6)

Ranked sixth
% of total duration

Swimming
(2.9)

Health club
activities (1.4)

Health club
activities (0.9)

Badminton
(1.3)

Soccer
(2.5)

Health club
activities (1.8)

Soccer
(2.1)

Calisthenics
(4.0)

Swimming
(1.6)

Ranked seventh
% of total duration

Badminton
(1.6)

Badminton
(1.0)

Badminton
(0.7)

Health club
activities (1.0)

Swimming
(2.4)

Calisthenics
(1.3)

Swimming
(2.0)

Soccer
(2.2)

Badminton
(1.1)

Ranked eighth
% of total duration

Tennis
(1.0)

Soccer
(0.6)

Tennis
(0.4)

Soccer
(0.8)

Health club
activities (2.2)

Tennis
(1.3)

Tennis
(1.7)

Swimming
(2.1)

Soccer
(1.0)

Ranked ninth
% of total duration

Soccer
(0.9)

Tennis
(0.6)

Soccer
(0.3)

Tennis
(0.6)

Tennis
(1.5)

Swimming
(1.0)

Health club
activities (1.0)

Health club
activities (1.5)

Tennis
(0.7)
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and doubles tennis do not typically require
strenuous exertion, but do entail a great deal
of social interaction. Regular participation in
highly interactive sports provides not only
exercise but also a social support group that
plays together. Belonging to a group that
meets regularly promotes a sense of support,
trust, and commonality, which has been
shown to contribute to a sense of well-being
and improved long-term health.39-41 In addi-
tion, benefits of PA and exercise to reduce
psychological distress may explain many of
the benefits noted regarding cardiovascular
disease and mortality.7,40,42 The smallest
improvement in life expectancy was noted in
people who predominantly did health club
activities. The reason for this could be that
their working heart rate was lower than for
the other sports, but the reason could also
be due to the tendency for people to exercise
alone on stationary machines with weights in
the health clubs, thereby missing out on the
social interaction mandated by racquet sports
and soccer, for example.

A scientifically rigorous and widely cited
meta-analysis on the topic found that social
support had a stronger effect on long-term sur-
vival than any other factor, including being a
nonsmoker, staying lean, or having normal
blood pressure.43 In that study, having good
interpersonal connections conferred twice as
much protection against early mortality
compared with being physically active. Studies
also show that increasing the number of in-
person friendships increases one’s sense of
well-being.44 If social support and interper-
sonal relationships exert stronger effects on
life expectancy than does exercise, then the
highly social but less physically demanding
sports such as doubles tennis, badminton,
and golf conceivably could be more strongly
associated with longevity than more solitary
but arduous activities such as running, cycling,
stationary exercise machines, and swimming.

Alternatively, the divergent improvements
in life expectancy might be accounted for by
the differing forms of PA required by the various
sports. The sports thatwere linked to the best life
expectancy gains typically require interval bursts
of exercise using large muscle groups and full
body movements, whereas the sports typically
performed in a continuous manner showed
less impressive life expectancy gains. This is
Mayo Clin Proc. n December 2018;9
supported by intervention studies for augment-
ing CRF, in which activities such as soccer
showedbetter improvements than did a regimen
of continuous running.45 Furthermore, a
growing body of evidence indicates that short
repeated intervals of higher intensity exercise
appear to be superior to continuous moderate
intensity PA for improving health outcomes.46

Cycling as a competitive sport qualifies as high
intensity but generally is performed at only
low-to-moderate intensity when used for
commuting to work. Roughly 40% of the
Copenhageners commute to work via bicycle.47

Previously, we analyzed the CCHS cohort
focusing on 1098 healthy joggers followed
for 12 years, and found a U-shaped association
between pace, quantity, and frequency of
jogging and all-cause mortality. In that previ-
ous analysis, the lowest mortality was found
in light joggers (HR, 0.22; 95% CI, 0.10-
0.47); they had a slow or average pace (<2.5
h/wk and �3 times per week) followed by
moderate joggers (HR, 0.66; 95% CI,
0.32-1.38; slow or average pace, >3 times
per week or �2.5 h/wk with a frequency of
�3 times per week; or fast pace, <2.5 h/wk
or 2.5-4 h/wk with a frequency of �3 times
per week), whereas strenuous joggers had a
mortality rate not statistically different from
that of the sedentary (HR, 1.97; 95% CI,
0.48-8.14; fast pace, >4 hours of jogging
per week or 2.5-4 h/wk with a frequency of
>3 times per week). The strenuous group
was, however, quite small.26 Other reports
on running have likewise emphasized the
benefits of relatively low doses of strenuous
PA.1-19,21-31,42 It should be emphasized that
even slow jogging (6 metabolic equivalents)
corresponds to vigorous exercise and that
strenuous running corresponds to very heavy
vigorous exercise (�12 metabolic equivalents).
In the present analyses, the joggers’ average
life gain was only 3.2 years compared with
tennis players’ life gain of 9.7 years, raising
the possibility that moderate exercise may be
better for improving life expectancy than
more strenuous exercise.48

There is only one other study that
analyzed the associations of various types of
exercise with all-cause mortality.33,34 That
study population comprised 80,306 men and
women from the United Kingdom. The partic-
ipants were randomly drawn from several
3(12):1775-1785 n https://doi.org/10.1016/j.mayocp.2018.06.025
www.mayoclinicproceedings.org
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samples taken from The Health Survey for
England and the Scottish Health Survey. In
that study, because the mortality rates of the
different types of sports were drawn from
several samples, the comparisons between
sports are less reliable, and the observed mor-
tality differences between the sports could in
fact just reflect differences in mortality of the
different populations sampled. However, they
did have estimates available for duration,
frequency, and intensity of the different sports.
As in our study, the UK study showed that the
most robust reduction in all-cause mortality
was noted for participation in racquet sports
(HR, 0.53; 95% CI, 0.40-0.69); considerable
reductions in all-cause mortality were also
noted for swimming (HR, 0.72; 95% CI,
0.65-0.80) and aerobics (HR, 0.73; 95% CI,
0.63-0.85). In contrast to our study, the UK
study reported unimportant associations with
mortality for soccer (HR, 0.82; 95% CI,
0.61-1.11) and running (HR, 0.87; 95% CI,
0.68-1.11).33,34

Other studies show that golf is another
sport that is associated with robust health ben-
efits.49 One very large observational study
found that playing golf on a regular basis
improved life expectancy by about 5 years.50

Strengths of the present study included the
prospective design, the large size of a random
sample of both men and women representa-
tive of the population of Copenhagen, the
detailed information about potential con-
founding variables, and the 100% follow-up.

Limitations of the study must also be
considered. The ideal would have been that
the participants in different sports only partici-
pated in a single sport. Unfortunately, this was
not the case, because all major sports were
associated with other kinds of sports although
generally to a much lesser degree. We suggest
that the 8 different sports analyzed, each repre-
senting around 20% or more of the total dura-
tion, represent a distinct characteristic that can
be used to compare the different sports.
Regarding health club activities, we were not
able to separate the time spent on aerobic exer-
cise or anaerobic exercise because these activ-
ities include treadmill, elliptical, stair-climber,
stationary bikes, weightlifting, and so forth.

Although several authors have found that
observational studies and randomized
controlled studies usually produce similar
Mayo Clin Proc. n December 2018;93(12):1775-1785 n https://doi.o
www.mayoclinicproceedings.org
results, our study was observational and not
a randomized trial, and therefore, we cannot
be sure that the associations observed in our
study represent a causal relationship.51 Base-
line differences among the participants of the
various sports and residual confounding could
also partly explain the wide range of gains in
life expectancy.33 For example, previous
epidemiological studies consistently show
that education is strongly positively associated
with life expectancy.52 We have tried to
address this issue by comparing the mortality
risk across the 8 sports for individuals with a
university degree, and tennis players still had
the lowest risk of mortality.
CONCLUSION
All forms of LTPA studied were associated
with improved life expectancy; however, a
wide range in benefit was seen among the
various sports. Because this is an observational
study, it remains uncertain whether this
relationship is causal or merely an association.
Interestingly, sports with more social interac-
tion appeared to be associated with the great-
est longevity; therefore, the impact of social
interaction during LTPA appears to warrant
additional study.
Abbreviations and Acronyms: CCHS = Copenhagen City
Heart Study; CHD = coronary heart disease; CRF =
cardiorespiratory fitness; HR = hazard ratio; LTPA = leisure-
time physical activity; PA = physical activity
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Informations patient

NOM :

Prénom :

Âge :

Sexe :

Service :

Pathologie :

Date :

Bilan : Entrée / Sortie

Taille : Poids :

Tests effectués et score :

� Tinetti : ……/28

� Timed Up and Go : ……mn ……s

� Sit to Stand : …… répétitions

� Test de marche (6mn) : ……m

� MOS SF-12 : ……

� QLQ-C30 : ……

� Piper Fatigue Scale : ……

Rapport du patient à l’activité physique :

· Avant la pathologie :

· Depuis la pathologie :

· Objectif en rééducation :

· Objectif retour à domicile :

Évaluateur :
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Timed Up and Go

Matériel : chaise, plot, chronomètre.

Le patient démarre assis sur une chaise, dos appuyé contre le dossier. Il doit se lever, marcher sur une distance
de 3 mètres, faire demi-tour autour d’un plot, marcher jusqu'à la chaise et s'asseoir à nouveau, dos appuyé
contre le dossier. Il marche à sa vitesse habituelle, avec son aide à la marche habituelle.

Le chronomètre est lancé lorsque le patient décolle son dos du dossier pour se lever, et est arrêté lorsque qu’il
est assis, dos appuyé contre le dossier.

Durée :

Interprétation

Durée moyenne de réalisation de ce test (sans aide à la marche), témoignant d’un bon équilibre dynamique, en
fonction de l’âge :
- 60-69 ans : 8 secondes (entre 7s et 9s)
- 70-79 ans : 9 secondes (entre 8s et 10s)
- 80-99 ans : 11 secondes (entre 10s et 13s)

Remarques :

Sit to Stand

Matériel : chaise, chronomètre.

Le patient est assis sur une chaise sans accoudoir adossée à un mur.
Il a les bras croisés sur la poitrine et ne s’appuie pas sur le dossier de la chaise.

Au signal de l’évaluateur, le patient doit se lever et s’asseoir le plus de fois possible pendant 30 secondes.
Le chronomètre sera lancé au signal de l’évaluateur et on comptera le nombre d’extensions complètes réalisées.
Le sujet ne doit à aucun moment s’aider des bras.

Nombre de relevé de chaises :

Interprétation
Score moyen en fonction chez les hommes en fonction de l’âge :

Âge 60-64 65-69 70-74 75-79 80-84 85-89 90-94
Score moyen 14-19 12-18 12-17 11-17 10-15 8-14 7-12

Score moyen en fonction chez les femmes en fonction de l’âge :

Âge 60-64 65-69 70-74 75-79 80-84 85-89 90-94
Score moyen 12-17 11-16 10-15 10-15 9-14 8-13 4-11

Remarques :
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Test de Marche de 6mn

Matériel : 2 cônes, 1 chaise, matériel de secours d’urgence, matériel de surveillance des constantes cardio-
vasculaires. Parcours de minimum 30m, plat, rectiligne, balisé régulièrement, avec un cône à chaque extrémité
pour le demi-tour.

Le but du test est de parcourir la plus grande distance possible en faisant des allers-retours sur le parcours
pendant 6mn. Le patient peut ralentir et même s’arrêter, mais il est préférable de continuer à marcher, même
lentement.

Distance parcourue :

Vitesse moyenne :

FC BORG (souffle) BORG (membres inférieurs)

Départ

Fin

Après 1mn de repos

Interprétation

Formule de Troosters :
Distance théorique = 218 + (5.14 x taille en cm) - (5.32 x âge) - (1.80 x poids en kg) + (51.31 x sexe)
Sexe : Homme = 1 ; Femme = 0

Distance théorique :

% Distance théorique = (distance parcourue x 100) / distance théorique

% Distance théorique :

Une distance parcourue inférieure à 82% de la distance théorique obtenue avec l’équation ci-dessus témoigne
d’un déficit.

Remarques :
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Questionnaire de Qualité de Vie : MOS SF-12

1- Dans l’ensemble, pensez-vous que votre santé est :
� Excellente � Très bonne � Bonne � Médiocre � Mauvaise

2-    En raison de votre état de santé actuel, êtes-vous limité pour :
a. Des efforts physiques modérés (déplacer une table, passer l’aspirateur…) ?

� Oui, très limité � Oui, un peu limité � Non, pas du tout limité

b. Monter plusieurs étages par l’escalier ?

� Oui, très limité � Oui, un peu limité � Non, pas du tout limité

3-   Au cours du dernier mois, en raison de votre état physique :
a. Avez-vous accompli moins de choses que vous l’auriez souhaité ?

� Toujours � La plupart du temps � Souvent � Parfois � Jamais

b. Avez-vous été limité pour certaines choses ?

� Toujours � La plupart du temps � Souvent � Parfois � Jamais

4-   Au cours du dernier mois, et en raison de votre état émotionnel (comme vous sentir triste, nerveux, déprimé) :
a. Avez-vous accompli moins de choses que vous l’auriez souhaité ?

� Toujours � La plupart du temps � Souvent � Parfois � Jamais

b. Avez-vous eu des difficultés à faire ce que vous aviez à faire avec autant de soin et d’attention que
d’habitude ?

� Toujours � La plupart du temps � Souvent � Parfois � Jamais

5-   Au cours du dernier mois, dans quelle mesure vos douleurs physiques vous ont-elles limité dans votre travail ou
vos activités domestiques ?

� Pas du tout � Un petit peu � Moyennement � Beaucoup � Énormément

6-   Les questions qui suivent portent sur comment vous vous êtes senti au cours du dernier mois. Pour chaque
question, indiquez la réponse qui vous semble le plus approprié.

a. Y a-t-il eu des moments où vous vous êtes senti calme et détendu ?

� Toujours � La plupart du temps � Souvent � Parfois � Rarement � Jamais

b. Y a-t-il eu des moments où vous vous êtes senti débordant d’énergie ?

� Toujours � La plupart du temps � Souvent � Parfois � Rarement � Jamais

c. Y a-t-il eu des moments où vous vous êtes senti triste et abattu ?

� Toujours � La plupart du temps � Souvent � Parfois � Rarement � Jamais

7-  Au cours de ce dernier mois, y a-t-il eu des moments où votre état de santé physique ou émotionnel vous a gêné
dans votre vie sociale et vos relations avec les autres, votre famille, vos amis, vos connaissances ?

� Toujours � La plupart du temps � Souvent � Parfois � Jamais
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 Échelle de fatigue de Piper

Les questions suivantes concernent la fatigue que vous éprouvez en ce moment. Répondez à  toutes  les  questions  du
mieux que vous pouvez et notez le temps que vous avez mis à la fin du questionnaire. Nous vous en remercions.

1. Vous sentez-vous fatigué(e) en ce moment ?
� OUI
� NON

Si OUI, depuis combien de temps vous sentez-vous fatigué(e) ? Cochez et chiffrez une seule réponse.
� ………………… jours
� ………………… semaines
� ………………… mois
� Autre (précisez) : ………………………

Pour les questions qui suivent, entourez, dans la ligne des chiffres, celui qui correspond le mieux à votre état de fatigue en
ce moment.

2. À quelle point la fatigue que vous ressentez en ce moment est une souffrance pour vous ?
Pas du tout Énormément
0 1 2 3 4 5 6 7 8 9 10

3. La fatigue que vous ressentez en ce moment affecte-t-elle votre capacité à travailler ou suivre une activité scolaire ?
Pas du tout Énormément
0 1 2 3 4 5 6 7 8 9 10

4. La fatigue que vous ressentez en ce moment affecte-t-elle vos possibilités de sortir et/ou de passer du temps avec vos
amis ?

Pas du tout Énormément
0 1 2 3 4 5 6 7 8 9 10

5. La fatigue que vous ressentez en ce moment perturbe-t-elle votre capacité à avoir une activité sexuelle ?
Pas du tout Énormément
0 1 2 3 4 5 6 7 8 9 10

6. Dans l’ensemble votre fatigue affecte-t-elle votre capacité à profiter des choses auxquelles normalement vous prenez
plaisir ?

Pas du tout Énormément
0 1 2 3 4 5 6 7 8 9 10

7. Quelle est l’intensité ou la sévérité de la fatigue que vous ressentez en ce moment ?
Légère Forte
0 1 2 3 4 5 6 7 8 9 10

8. La fatigue que vous ressentez en ce moment est-elle :
Plaisante Déplaisante
0 1 2 3 4 5 6 7 8 9 10

9. La fatigue que vous ressentez en ce moment est-elle :
Agréable Désagréable
0 1 2 3 4 5 6 7 8 9 10
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10. La fatigue que vous ressentez en ce moment est-elle :
Protectrice Destructrice
0 1 2 3 4 5 6 7 8 9 10

11. La fatigue que vous ressentez en ce moment est-elle :
Positive Négative
0 1 2 3 4 5 6 7 8 9 10

12. La fatigue que vous ressentez en ce moment est-elle :
Normale Anormale
0 1 2 3 4 5 6 7 8 9 10

13. Comment vous sentez-vous en ce moment ?
Fort(e) Faible
0 1 2 3 4 5 6 7 8 9 10

14. Comment vous sentez-vous en ce moment ?
Bien réveillé(e) Endormi(e)
0 1 2 3 4 5 6 7 8 9 10

15. Comment vous sentez-vous en ce moment ?
Dynamique Vide, sans entrain
0 1 2 3 4 5 6 7 8 9 10

16. Comment vous sentez-vous en ce moment ?
Reposé(e) Fatigué(e)
0 1 2 3 4 5 6 7 8 9 10

17. Comment vous sentez-vous en ce moment ?
Énergique Sans énergie
0 1 2 3 4 5 6 7 8 9 10

18. Comment vous sentez-vous en ce moment ?
Patient(e) Impatient(e)
0 1 2 3 4 5 6 7 8 9 10

19. Comment vous sentez-vous en ce moment ?
Détendu(e) Tendu(e)
0 1 2 3 4 5 6 7 8 9 10

20. Comment vous sentez-vous en ce moment ?
Gai(e) Déprimé(e)
0 1 2 3 4 5 6 7 8 9 10

21. Comment vous sentez-vous en ce moment ?
Capable de vous concentrer Incapable de vous concentrer
0 1 2 3 4 5 6 7 8 9 10

22. Comment vous sentez-vous en ce moment ?
Capable de vous souvenir Incapable de vous souvenir
0 1 2 3 4 5 6 7 8 9 10

23. Comment vous sentez-vous en ce moment ?
Capable de réfléchir Incapable de réfléchir
0 1 2 3 4 5 6 7 8 9 10



CH BLIGNY - Echelle de fatigue de Piper

Dimension Items Dimensions
Entrée Sortie Entrée Sortie

Q2 8 6
Q3 4 5

Comportementale/Sévérité Q4 3 3
Q5 5 4
Q6 6 3
Q7 7 5 5,5 4,3
Q8 9 6
Q9 6 4

Affective Q10 5 2
Q11 6 7
Q12 5 3 5,2 3,7
Q13 2 2

Sensorielle Q14 8 6
Q15 9 5
Q16 2 2
Q17 5 4 4,3 3,2
Q18 7 7
Q19 6 5
Q20 3 3

Cognitive/Humeur Q21 8 8
Q22 9 9
Q23 7 2 6,7 5,7

Dimension Entrée Sortie
Comportementale/Sévérité5,5 4,3
Affective 5,2 3,7
Sensorielle 4,3 3,2
Cognitive/Humeur 6,7 5,7

score global 5,4 4,2 0
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