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ABSTRACT

BACKGROUND A high cardiorespiratory fitness (CRF) level is recommended to promote healthy aging. However, the

association between CRF and very-long-term prognosis is unclear, and reverse causation may bias results in studies with

shorter follow-up.

OBJECTIVES This study investigated the association between CRF and mortality in middle-aged, employed men free of

cardiovascular disease (CVD).

METHODS Participants from the Copenhagen Male Study, established in 1970 to 1971, were included and stratified into

4 age-adjusted maximal oxygen consumption (VO2max) categories: below the lower limit of normal (lowest 5%); low

normal (45%); high normal (45%); and above the upper limit of normal (top 5%). VO2max was estimated by using a

bicycle ergometer. Multivariable restricted mean survival time models were performed for all-cause and cardiovascular

mortality using Danish national registers.

RESULTS A total of 5,107 men with a mean age of 48.8 � 5.4 years were included in the study. During the 46 years of

follow-up, 4,700 (92%) men died; 2,149 (42.1%) of the men died of CVD. Compared with below the lower limit of normal

CRF, low normal CRF was associated with 2.1 years (95% confidence interval [CI]: 0.7 to 3.4; p ¼ 0.002), high normal

with 2.9 years (95% CI: 1.5 to 4.2; p < 0.001), and above upper limit of normal with 4.9 years (95% CI: 3.1 to 6.7;

p < 0.001) longer mean life expectancy. Each unit increase in VO2max was associated with a 45-day (95% CI: 30 to 61;

p < 0.001) increase in longevity. Estimates for cardiovascular mortality were similar to all-cause mortality. Results were

essentially unchanged when excluding individuals who died within the first 10 years of follow-up, suggesting a

minimal role of reverse causation.

CONCLUSIONS CRF was significantly related to longevity over the course of 4 decades in middle-aged, employed men

free of CVD. The benefits of higher midlife CRF extend well into the later part of life. (J Am Coll Cardiol 2018;72:987–95)

© 2018 by the American College of Cardiology Foundation.

A ccording to the World Health Organization,
cardiovascular diseases (CVDs) are the lead-
ing cause of death worldwide, and almost 1

in every 3 deaths in the United States in 2013 was
caused by a CVD (1,2). Since the mid-20th century,

studies have shown that physical activity and cardio-
respiratory fitness (CRF) are inversely associated with
CVD and mortality, and even a small increase in CRF
is related to a significantly lower risk of death (3–6).
CRF is a measure of the maximum oxygen uptake

ISSN 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2018.06.045

From aThe Copenhagen Male Study, Epidemiological Research Unit, Departments of Occupational and Environmental Medicine,

Bispebjerg University Hospital, Copenhagen, Denmark; bThe Copenhagen City Heart Study, Frederiksberg Hospital, Frederiksberg,

Denmark; cNational Research Centre for the Working Environment, Copenhagen, Denmark; dDepartment of Sports Science and

Clinical Biomechanics, University of Southern Denmark, Odense, Denmark; eDepartment of Cardiology, Copenhagen University

Hospital Herlev-Gentofte, Hellerup, Denmark; and the fDepartment of Cardiology, Rigshospitalet, Copenhagen, Denmark. The

Copenhagen Male Study was supported by grants from the King Christian X Foundation, The Danish Medical Research Council,

The Danish Heart Foundation, and the Else & Mogens Wedell-Wedellsborg Foundation, which had no role in the present study.

The authors have reported that they have no relationships relevant to the contents of this paper to disclose.

Manuscript received May 28, 2018; accepted June 12, 2018.

Listen to this manuscript’s

audio summary by

JACC Editor-in-Chief

Dr. Valentin Fuster.

J O U R N A L O F T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . 7 2 , N O . 9 , 2 0 1 8

ª 2 0 1 8 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R

https://doi.org/10.1016/j.jacc.2018.06.045
https://s3.amazonaws.com/ADFJACC/JACC7209/JACC7209_fustersummary_03
https://s3.amazonaws.com/ADFJACC/JACC7209/JACC7209_fustersummary_03
https://s3.amazonaws.com/ADFJACC/JACC7209/JACC7209_fustersummary_03
https://s3.amazonaws.com/ADFJACC/JACC7209/JACC7209_fustersummary_03
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacc.2018.06.045&domain=pdf


per minute per kilogram body weight, and it
can be estimated with nonexercise algo-
rithms, as well as with exercise-based tests
(e.g., treadmill or bicycle tests) (6,7).

Current knowledge on the association be-
tween CRF and cardiovascular and all-cause
mortality has been established with epide-
miological studies of prospective cohorts (6).
Hence, to the best of our knowledge, sparse
evidence of this association after more than
25 years exists (6,8). In studies with short

follow-up, the possibility of reverse causation cannot
be excluded (i.e., the fact that underlying non-
diagnosed, unmeasured disease may cause a lower
CRF at inclusion).

The present study investigated the relation be-
tween CRF, assessed objectively by using the Åstrand
bicycle ergometer test, and mortality, with >4 de-
cades of follow-up. The very long follow-up in the
present study allows the role of reverse causation to
be addressed. With 46 years of follow-up, we hy-
pothesized that the long-term risks of cardiovascular
mortality and all-cause mortality were inversely

associated with objectively measured CRF in middle-
aged, employed men free of CVD at inclusion.

METHODS

STUDY POPULATION. The present study is based on
the study population in a prospective cohort, the
Copenhagen Male Study. This study was originally
established in autumn 1970 to spring 1971 with the
recruitment of 5,245 men between 40 and 59 years of
age from workplaces in Copenhagen. Initial exami-
nation included measurement of blood pressure,
height, and weight. CRF was estimated with
Åstrand’s nomogram by using a standard bicycle
ergometer test (9). Heart rate was measured by using
a stethoscope and stopwatch in a working steady
state, and 100, 150, and 200 W were used as work-
loads. The workloads were chosen from the subject’s
weight and height or the heart rate in the first minute
of the examination and, in a few cases, different
workloads were used.

All subjects were interviewed by a physician (F.G.)
at inclusion, and a questionnaire on cardiovascular
risk factors was completed. The anamneses included
general health status and previous CVDs, such as
coronary heart disease. The questionnaire included
information on self-reported physical activity,
smoking and alcohol consumption, and the occur-
rence of familial coronary heart disease, hyperten-
sion, or diabetes. Because no standard questionnaire
on physical activity was available in 1970 to 1971,
Gyntelberg et al. (10–12) created their own question-
naire, classifying self-reported physical activity as
high, moderate, or low. The included questions have
previously been described in detail. Alcohol con-
sumption was also classified as high, moderate, or
low. Subjects reported history of smoking as never
smoked, former smoker, or present smoker. As
described in previous studies (11), the subjects were
subdivided into 3 social classes based on level of ed-
ucation and current occupation.

In the present analysis, we excluded all subjects who
answered “yes” to previous CVD at inclusion. Of the
5,245 men originally included in the Copenhagen Male
Study, 35 did not perform the bicycle ergometer test
and 103 had pre-existing CVD at inclusion, resulting in
a total of 5,107 men in the present study (Figure 1).

ENDPOINTS. All-cause mortality and cardiovascular
mortality were used as endpoints. Vital status as of
March 22, 2017, was extracted from the Danish na-
tional Central Person Register and used as the end of
follow-up in the all-cause mortality analysis. In the
cardiovascular mortality analysis, information about
death from CVDs (International Classification of

FIGURE 1 Flowchart: the Copenhagen Male Study
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In 1970 to 1971, middle-aged, employed men from private and public

workplaces in Copenhagen were invited to participate in the Copenhagen

Male Study. Participants underwent clinical examination, including assess-

ment of cardiovascular risk factors, socioeconomic status, and estimation of

cardiorespiratory fitness level (maximal oxygen consumption [VO2max]) by

using the Åstrand bicycle ergometer test.
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ABBR EV I A T I ON S

AND ACRONYMS

AULN = above upper limit of

normal

BLLN = below lower limit of

normal

CRF = cardiorespiratory fitness

CVD = cardiovascular disease

HN = high normal

LN = low normal

VO2max = maximal oxygen

consumption
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