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Since 1970, jogging has become an increasingly popular form of exercise, but concern about harmful effects

has been raised following reports of deaths during jogging. The purpose of this study was to investigate if

jogging, which can be very vigorous, is associated with increased all-cause mortality in men and women.

Jogging habits were recorded in a random sample of 17,589 healthy men and women aged 20–98 years, invited

between 1976 and 2003 to the Copenhagen City Heart Study. The expected lifetime was calculated by integrat-

ing the predicted survival curve estimated in the Cox model. In this study 1,878 persons (1,116 men and 762

women) were classified as joggers. During the 35-year maximum follow-up period, we registered 122 deaths

among joggers and 10,158 deaths among nonjoggers. The age-adjusted hazard ratio of death among joggers

was 0.56 (95% confidence interval: 0.46, 0.67) for men and 0.56 (95% confidence interval: 0.40, 0.80) for

women. The age-adjusted increase in survival with jogging was 6.2 years in men and 5.6 years in women. This

long-term study of joggers showed that jogging was associated with significantly lower all-cause mortality and a

substantial increase in survival for both men and women.

all-cause mortality; cause-specific mortality; females; jogging; males

Abbreviations: CI, confidence interval; HR, hazard ratio; ICD-8, International Classification of Diseases, Eighth Revision;

ICD-10, International Classification of Diseases, Tenth Revision; MET, metabolic equivalent.

Jogging became popular in the United States and a few
other countries in the 1970s. Since that time, the number of
joggers in the United States has increased to around 36
million in 2010. The same year more than 500.000 runners
finished US marathons and 1.4 million finished US half-
marathons (1). In the beginning of the jogging era, reports
of deaths during jogging were published (2–6). On the one
hand, Bassler (7) stated that athletes capable of covering
the marathon distance are immune to coronary atherosclero-
sis, while on the other hand others such as Opie (2)
described atherosclerosis in marathon runners. In Rhode
Island, 12 men died while jogging, 11 from heart attacks.
Five of these men were known to have heart disease. The
incidence of death during jogging was 7 times the esti-
mated death rate from coronary heart disease during more
sedentary activities, suggesting that jogging may contribute
to the risk of sudden death in susceptible persons (6). It is
known that exercise can provoke malignant ventricular

arrythmias and sudden cardiac death (8). Coronary heart
disease appeared to be the major killer of conditioned
runners aged 40 years or above, who died while running
(5). It was recommended that physicians and exercising
adults should be aware of the risk of jogging and give
appropriate attention to possible prodromal symptoms.
Since then, several studies have demonstrated a graded
inverse relationship between physical activity in leisure
time and mortality (9–16). However, a U-shaped relation
has also been reported (15, 16). These findings could be
interpreted to mean that sedentary living is correlated to
increased mortality, but the same could be the case if the
physical activity is too strenuous.

It should be kept in mind that, even for younger persons,
slow jogging is considered vigorous (≥6 metabolic equiva-
lents (METs), 5 miles per hour) and, further, that average
jogging (9 METs, 6 miles per hour) and fast jogging (12
METs, 7 miles per hour) are much more strenuous than
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average vigorous activities and, thus, may be hazardous to
health. (One mile = 1.61 km.)
The purpose of this study was to investigate if jogging is

associated with increased all-cause mortality in men and
women in a large sample of the general population with a
long follow-up.

MATERIALS AND METHODS

Study population

The Copenhagen City Heart Study is a prospective car-
diovascular population study comprising a random sample
of 19,329 white men and women aged 20–93 years, when
drawn from the Copenhagen Population Register as of
January 1, 1976 (17). The study was approved by the Com-
mittee of Biomedical Research Ethics for the capital region
in Denmark. All participants gave written, informed
consent. The first survey lasted from 1976 to 1978, the
second from 1981 to 1983, the third from 1991 to 1994,
and the fourth from 2001 to 2003. All subjects from the
original sample were reinvited to the following examina-
tions, including a new sample of younger men and women.
In total, 23,891 men and women aged 20–100 years were
invited, and 18,974 participated in at least 1 examination.
Details have been described elsewhere (17, 18). A total of
1,878 persons (1,116 men and 762 women) were classified
as joggers, at least in 1 of the 4 examinations. At baseline,
there were 695 male joggers and 434 female joggers.
We excluded participants who at their first visit had

experienced a history of coronary heart disease (self-
reported and information from the Danish National Patient
Registry; n = 583), stroke (self-reported and information
from the Danish National Patient Registry validated by the
authors; n = 269), and cancer (information from the Danish
National Cancer Registry; n = 567), leaving 17,589 healthy
subjects (8,121 men and 9,466 women) for analysis.

Survey methods

Established procedures and examinations for cardiovas-
cular epidemiologic surveys were used (19). Physical activ-
ity in leisure time has in all 4 surveys been graded into 4
levels (“The Copenhagen City Heart Study Leisure Time
Physical Activity Questionnaire”) (18). We further added
specific questions regarding walking, cycling, and jogging.
At the first examination in 1976–1978, the participants
were asked about whether they were joggers, and in 1981–
1983 and 1991–1994 they were further asked for their
weekly quantity of jogging. In the fourth survey (2001–
2003), information about weekly frequency of jogging and
the individual’s own perception of pace (slow, average,
fast) was obtained. We found that a relative scale of pace
(intensity) is more appropriate than an absolute scale when
the age span is very wide (20–98 years) and when the par-
ticipants have wide differences in levels of physical fitness.
A self-administered questionnaire concerning physical
activity, smoking, alcohol consumption, socioeconomic
status, cardiovascular and lung diseases, diabetes mellitus,
cancer, and family history was completed and checked by

the staff. Height, weight, and blood pressure measurements
(while in a sitting position after a 5-minute rest, using a
London School of Hygiene sphygmomanometer) were
obtained, as well as electrocardiogram results and data from
a comprehensive laboratory blood-sample investigation,
including plasma total cholesterol (17).

Endpoints

Participants were followed from their first examination
until June 2011 or death, by using the unique personal
identification number in the National Central Person Regis-
ter (all-cause deaths). Causes of death were obtained until
January 2010 from the National Register of Causes of
Death. In 1994, Denmark shifted from the International
Classification of Diseases, Eighth Revision (ICD-8), to the
International Classification of Diseases, Tenth Revision
(ICD-10). We analyzed separate endpoints comprising
deaths from coronary heart disease (ICD-8 codes 410–414
and ICD-10 codes I21–I25); deaths from stroke (ICD-8
codes 430–438 and ICD-10 codes I60–I68 and code G45,
respectively); deaths from respiratory diseases (ICD-8
codes 460–519 and ICD-10 codes J00–J99); and deaths
from cancer (ICD-8 codes 140–209 and ICD-10 codes
C00–D09). The completion rate of follow-up for death was
almost 100%.

Statistical analysis

We adjusted for the following potential confounders:
age, smoking (never, former, current 1–14 g of tobacco per
day, ≥15 g of tobacco per day), education (<8 years, 8–10
years, >10 years in school), household income (low,
average, high), alcohol consumption (never, monthly,
weekly, daily), and diabetes mellitus.
Estimates of relative risks of all-cause mortality were cal-

culated by using Cox proportional hazards regression anal-
ysis with time-dependent covariates and age as the
underlying timescale and delayed entry accordingly. This
model allows subjects to change jogging status at any
examination. During 1977–2010, the general life expec-
tancy for newborns in Denmark increased by 5.9 years
(from 71.2 to 77.1 years) for men and by 4.1 years (from
77.1 to 81.2 years) for women. To account for the
increased longevity in the time period 1976–2010, all
models were adjusted for calendar time through the exami-
nation number. Furthermore, all analyses were sex stratified
with adjustment for 1) age; 2) confounders (age, smoking,
education, income, drinking habits, diabetes); 3) confound-
ers and leisure-time physical activity; and 4) confounders,
leisure-time physical activity, and mediators (resting heart
rate, cholesterol, body mass index, systolic blood pressure,
blood pressure medication). The expected lifetime was cal-
culated by integrating the predicted survival curve esti-
mated in the Cox model. Subanalyses with adjustment for
the confounders in model 2 above were performed on data
from the second, third, and fourth surveys studying the
association between quantity, pace, and frequency of
jogging and mortality.
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The assumption of proportionality in the Cox regression
models was tested with the score process test of Lin et al.
(20). Misspecifications of the functional form of the covari-
ates were tested by plotting the continuous covariates
against the cumulative residuals and comparing them to
random realizations under the model.

RESULTS

Baseline characteristics of the 17,589 participants are
presented in Table 1. At baseline, 1,129 were joggers and
16,423 were nonjoggers. In general, the joggers were
younger and had a higher educational level, a lower body
mass index, and a lower resting heart rate. Further, they had
a lower systolic blood pressure, lower alcohol intake, lower
cholesterol, and lower frequency of diabetes. This was true
for both sexes. The massive overlap in age range between
joggers (20–86 years) and nonjoggers (20–98 years) and
the flexible age adjustment ensured by the Cox model
made comparisons between joggers and nonjoggers very
feasible, although large differences in the mean age were
observed for these groups.

Mortality in joggers

During the maximum 35-year follow-up period, we reg-
istered 122 deaths among the joggers and 10,158 among
the nonjoggers. As shown in Table 2, the age-adjusted
hazard ratio of jogging was 0.56 (95% confidence interval
(CI): 0.46, 0.67) for men and 0.56 (95% CI: 0.40, 0.80) for
women. With adjustment for the above-mentioned con-
founders, the hazard ratio was 0.69 (95% CI: 0.57, 0.83)
for men and 0.60 (95% CI: 0.42, 0.85) for women. All
results were highly significant. Similar results were seen in
models 3 and 4, although overadjustment could be present
because jogging is part of leisure-time physical activity
and, in addition, could have a positive effect on the media-
tors. There was no interaction between jogging and gender
(P = 0.35).

For men <50 and ≥50 years of age, the hazard ratios for
jogging adjusted for confounders were 0.66 (95% CI: 0.42,
1.03) and 0.71 (95% CI: 0.57, 0.87); for women <50 and
≥50 years of age, these values were 0.75 (95% CI: 0.35,
1.61) and 0.57 (95% CI: 0.38, 0.85), respectively. There
was no interaction between jogging and age (P > 0.35 in
both sexes).

Increase in survival

The age-adjusted increase in survival with jogging was
6.2 years for men and 5.6 years for women (Table 1).
Adjusted for confounders, the increases in survival were
3.8 years and 4.7 years, respectively.

Quantity of jogging and mortality

A subanalysis was performed on participants from the
second, third, and fourth surveys to examine the association
between jogging quantity and mortality. To increase power,
we included the nonjoggers and pooled both sexes by

inclusion of gender-specific baseline hazards. Compared
with those for nonjoggers, the hazard ratios for joggers
adjusted for the confounders in model 2 were 0.68 (95%
CI: 0.48, 0.95) for <1 hour per week of jogging (626
joggers, 30 deaths), 0.58 (95% CI: 0.41, 0.82) for 1–2.4
hours per week (594 joggers, 30 deaths), 0.79 (95% CI:
0.52, 1.19) for 2.5–4 hours per week (508 joggers, 22
deaths), and 0.86 (95% CI: 0.59, 1.24) for >4 hours per
week (166 joggers, 16 deaths). These results showed a ten-
dency of a U-shaped relation to mortality risk, so the
optimal quantity of jogging seemed to be 1–2.4 hours per
week. However, small numbers of deaths and wide confi-
dence intervals result in uncertainty about mortality risk at
higher levels. Irrespective of jogging duration, the mortality
was lower among all joggers than nonjoggers.

Jogging pace and mortality

In a subanalysis of the fourth survey, the hazard ratios
adjusted for sex and the confounders in model 2 were 0.37
(95% CI: 0.12, 1.17) for slow pace (178 joggers, 3 deaths),
0.53 (95% CI: 0.29, 0.95) for average pace (704 joggers,
12 deaths), and 1.22 (95% CI: 0.49, 3.04) for fast pace
(201 joggers, 5 deaths), compared with those for nonjog-
gers. This analysis comprised only a few deaths among the
joggers and should be met with caution, but the results
suggest that a slow or average pace could be related to the
lowest mortality.

Frequency of jogging and mortality

A subanalysis of the fourth survey yielded similar results
for frequency of jogging with hazard ratios of 0.40 (95%
CI: 0.15, 1.10) for ≤1 time per week (323 joggers, 4
deaths), 0.40 (95% CI: 0.16, 0.98) for 2–3 times per week
(474 joggers, 5 deaths), and 1.24 (95% CI: 0.51, 3.02) for
>3 times per week (84 joggers, 5 deaths), compared with
values for nonjoggers. Hence, these data should also be
interpreted with caution. A frequency of jogging of ≤3
times per week was associated with the lowest mortality,
and we could find no increase in survival with >3 jogging
sessions per week compared with nonjogging.

Consistency of jogging

In our newly started fifth survey, we further asked the
joggers for the number of years they have been jogging. Of
the first 150 participants, 42 were joggers. The average
number of years of jogging was 10.1 years. Of all joggers
(n = 518) in the third survey (1991–1994), 64% were still
joggers in the fourth survey (2001–2003). Thus, jogging
seems to be a fairly stable habit.

Causes of death among joggers and nonjoggers

Compared with those for nonjoggers, the hazard ratios
for joggers and death adjusted for the confounders in
model 2 were the following: coronary heart disease (for
men, hazard ratio (HR) = 0.32, 95% CI: 0.15, 0.67; for
women, HR = 0.48, 95% CI: 0.12, 1.96); respiratory
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Table 1. Baseline Characteristics of 1,129 Joggers and 16,423 Nonjoggers by Sex, the Copenhagen City Heart Study, 1976–2003, Denmark

Characteristic

Men Women

Nonjoggers (n = 7,416) Joggers (n = 695)
P Value

Nonjoggers (n = 9,007) Joggers (n = 434)
P Value

Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. %

Age, yearsa 51.0 (13.0) 36.4 (12.1) <0.001 50.4 (13.0) 33.3 (10.4) <0.001

Leisure time physical activityb

Low 1,425 19.2 19 2.7 1,661 18.5 8 1.8

Moderate 3,611 48.7 126 18.1 5,193 57.7 111 25.6

High 2,372 32.0 550 79.1 <0.001 2,141 23.8 315 72.6 <0.001

Household income

Low 1,691 23.5 173 26.2 2,728 32.4 149 37.2

Moderate 3,896 54.0 317 48.0 4,048 48.1 181 45.1

High 1,624 22.5 170 25.8 0.012 1,639 19.5 71 17.7 0.138

School education

<8 years 3,142 42.4 97 14.0 3,773 42.0 39 9.0

8–10 years 2,633 35.6 177 25.5 3,372 37.5 71 16.4

>10 years 1,627 22.0 420 60.5 <0.001 1,846 20.5 323 74.6 <0.001

Body mass indexc 25.7 (3.8) 24.4 (3.0) <0.001 24.5 (4.5) 22.5 (2.8) <0.001

Resting heart rate, beats/minute 74.0 (13.6) 65.8 (12.5) <0.001 74.1 (12.8) 67.5 (11.8) <0.001

Smoking

Never 925 12.5 273 39.7 2,522 28.1 198 46.0

Former 1,363 18.5 155 22.5 1,330 14.8 82 19.1

Current

1–15 g of tobacco/day 1,702 23.1 125 18.2 2,637 29.4 92 21.4

>15 g of tobacco/day 3,391 45.9 135 19.6 <0.001 2,488 27.7 58 13.5 <0.001

Systolic blood pressure, mm Hg 139.0 (20.6) 128.9 (14.6) <0.001 132.4 (22.2) 117.8 (14.6) <0.001

Antihypertensive drugs 338 4.6 11 1.6 <0.001 564 6.3 7 1.6 <0.001

Alcohol

Never drinker 765 10.4 47 6.8 2,415 27.1 67 15.4

Monthly drinker 1,411 19.2 214 30.9 3,249 36.4 221 50.9

Weekly drinker 2,174 29.5 315 45.5 2,237 25.1 136 31.3

Daily drinker 3,011 40.9 117 16.9 <0.001 1,018 11.4 10 2.3 <0.001

Cholesterol, mmol/L 5.9 (1.2) 5.2 (1.2) <0.001 6.1 (1.3) 4.9 (1.0) <0.001

Diabetes mellitus 266 3.8 4 0.6 <0.001 159 1.8 1 0.2 0.023

Abbreviation: SD, standard deviation.
a For continuous variables, values are mean (SD) with analysis of variance.
b For categorical variables, Pearson’s χ2 test was performed.
c Body mass index: weight (kg)/height (m)2.
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diseases (for men, HR = 0.85, 95% CI: 0.39, 1.83; for
women, HR = 0.87, 95% CI: 0.27, 2.84); stroke (for men,
HR = 0.95, 95% CI: 0.42, 2.18; for women, HR = 0.85,
95% CI: 0.21, 3.42); cancer (for men, HR = 0.82, 95% CI:
0.58, 1.16; for women, HR = 0.68, 95% CI: 0.38, 1.23).

DISCUSSION

This observational study of almost 18,000 healthy men
and women aged 20–98 years, including 1,878 joggers, has
shown that jogging is associated with significantly lower
mortality than is nonjogging. To our knowledge, this is the
largest report on this topic. The age-adjusted increase in
survival was 6.2 years for men and 5.6 years for women.

A subanalysis of causes of death showed a significantly
lower risk of coronary heart disease death for men. For
women, the association was similar although not signifi-
cant. For both sexes, mortality from respiratory diseases,
cancer, and stroke was insignificantly lower for joggers
compared with nonjoggers.

The quantity, pace, and frequency of physical activity to
be recommended to the general public have been discussed
for several years. In 1965, the President’s Council on Phys-
ical Fitness recommended 20 minutes of vigorous exercise
3 times per week (21). In 1995, Pate et al. from the Centers
for Disease Control and Prevention and the American
College of Sports Medicine recommended, “Every US
adult should accumulate 30 minutes or more of moderate-
intensity physical activity on most, preferably all, days of

Table 2. Risk of All-Cause Mortality and Increase in Survival for Joggers Stratified by Gender, the Copenhagen

City Heart Study, 1976–2003, Denmark

Jogging Status
No. of

Participants
No. of
Deaths

Hazard
Ratio

95% CI
Increase in

Survival, years

Adjusted for age

Men

Nonjoggers 7,678 5,040 1.00 Referent 0.0

Joggers 1,116 94 0.56 0.46, 0.67 6.2

Women

Nonjoggers 9,149 5,118 1.00 Referent 0.0

Joggers 762 28 0.56 0.40, 0.80 5.6

Adjusted for confounders (age, smoking, education, income, drinking habits, diabetes)

Men

Nonjoggers 7,501 4,922 1.00 Referent 0.0

Joggers 1,098 93 0.69 0.57, 0.83 3.8

Women

Nonjoggers 8,875 4,941 1.00 Referent 0.0

Joggers 745 26 0.60 0.42, 0.85 4.7

Adjusted for confounders (age, smoking, education, income, drinking habits, diabetes) and leisure-time
physical activity

Men

Nonjoggers 7,499 4,921 1.00 Referent 0.0

Joggers 1,098 93 0.75 0.62, 0.90 3.0

Women

Nonjoggers 8,873 4,940 1.00 Referent 0.0

Joggers 745 26 0.66 0.46, 0.93 3.8

Adjusted for confounders (age, smoking, education, income, drinking habits, diabetes), leisure-time physical
activity, and mediators (resting heart rate, cholesterol, body mass index,a systolic blood pressure,

antihypertensive drugs)

Men

Nonjoggers 7,398 4,843 1.00 Referent 0.0

Joggers 1,089 91 0.78 0.64, 0.94 2.6

Women

Nonjoggers 8,737 4,852 1.00 Referent 0.0

Joggers 741 26 0.71 0.50, 1.01 3.1

Abbreviation: CI: confidence interval.
a Body mass index: weight (kg)/height (m)2.
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the week” (22, p. 404). An updated recommendation was
published in 2007 when a combination of moderate- and
vigorous-intensity physical activity (e.g., jogging) was rec-
ommended (23).
Surprisingly, we found that up to 2.5 hours of jogging a

week at a slow or average pace and a frequency of ≤3
times per week seems to be associated with the lowest mor-
tality. Thus, we found a U-shaped relationship between
jogging and mortality, so we don’t have evidence to
support faster or more frequent jogging, nor do our limited
data rule out this possibility. Irrespective of jogging dura-
tion, pace, and frequency, the mortality was lower among
joggers than nonjoggers. As even slow jogging is consid-
ered vigorous, especially for middle-aged and older
persons, jogging could be unhealthy, in particular for
persons with heart disease, including silent ischemia.
In a study of 21,481 healthy male physicians, the relative

risk of sudden death during and up to 30 minutes after vig-
orous exertion was 16.9 (95% CI: 10.5, 27.0) (P < 0.001)
compared with other time points, but habitual vigorous
exercise attenuates the risk of sudden death during vigorous
exertion (24). In a study of 10.9 million marathon and half-
marathon runners in the United States identified in the
years 2000 through 2010, 59 runners presented cardiac
arrest, resulting in a quite low incidence rate of 0.54 per
100,000 participants, but the incidence rate was signifi-
cantly higher during marathons (1.01 per 100,000) than
during half-marathons (0.27 per 100,000) (25). A meta-
analysis including 80 studies with 1,338,143 participants
(118,121 deaths) found that higher levels of total physical
activity were associated with reduced all-cause mortality
and that the most pronounced risk reductions were associ-
ated with the most vigorous exercise (26).
To our knowledge, only 1 small study has examined all-

cause mortality among male joggers. This study comprised
96 male joggers and 4,335 nonjoggers. During 16 years of
follow-up, 5 of the joggers and 1,297 of the nonjoggers
died. The adjusted relative risk was 0.39 (95% CI: 0.19,
0.73) between joggers and nonjoggers. The number of
female joggers in the cohort was too small to allow for
mortality calculations (27).
Regular running has a beneficial effect on the cardiovas-

cular risk, but the extent of calcified coronary plaque is
underestimated from the risk factor profile, with a third of
marathon runners aged ≥50 years having a coronary artery
calcification score of ≥100. The possibility that marathon
running and the required training aggravates preexisting
noncalcified atherosclerosis is clearly speculative, but it is
interesting given the recent reports of myocardial injury
during marathon running (28).
In general, physical activity improves maximal oxygen

uptake, lowers the resting heart rate, increases insulin sensi-
tivity, improves lipid profiles, lowers blood pressure,
reduces platelet aggregation, increases fibrinolytic activity,
improves endothelial function, stabilizes vulnerable plaques,
improves bone density and immune function, prevents
obesity, and improves psychological function. These im-
provements are related to both the amount and the intensity
of exercise, and they are more pronounced in vigorous exer-
cise, such as jogging (18, 22–34). All of these mechanisms

are mainly related to the cardiovascular system and may
explain to some degree the reduced coronary heart disease
mortality among the joggers.
We have in 2 other studies addressed the question of

what is of most importance in relation to all-cause mortal-
ity: intensity or duration of walking or cycling (35, 36).
Both studies found that the relative intensity, not the dura-
tion, was of the most importance in relation to all-cause
mortality. As even slow jogging is considered vigorous or
intensive, these studies are in line with our new results. Lee
et al. (11) found vigorous activities (≥6 METs), but not
nonvigorous exercise (<6 METs), to be associated with
decreased mortality. They mentioned that vigorous exer-
cise, for example, jogging, which is sustained and dynamic,
is effective for cardiorespiratory conditioning, whereas
heavy yard work is unlikely to be sustained and is thus less
effective for conditioning.
Strengths of the present study included the prospective

design, the large size of a random sample of both men and
women representative of the population of Copenhagen, the
detailed information about potential confounding variables,
and the almost 100% follow-up.
However, there are also some limitations. It may be

hypothesized that only healthy people took up jogging,
thus creating the opportunity for reverse causation. Even
after adjustment for multiple possible confounders, residual
confounding cannot be ruled out in observational studies.
Because our study was observational and not a randomized
trial, we can demonstrate associations but not a casual rela-
tionship. A large controlled trial of joggers and nonjoggers
would be valuable, but it has been determined not to be
feasible (37).
In conclusion, our results based on a long-term follow-

up of a large random sample of men and women show that
joggers live, on average, 6 years longer than do nonjoggers.
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