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Aims Cardiorespiratory fitness, muscular strength, and obesity in adulthood are risk factors for cardiovascular disease
(CVD). However, little is known regarding the associations of these risk factors, already in adolescence, with later
disability due to chronic CVD. Hence, we investigated associations of cardiorespiratory fitness, muscular strength,
and body mass index (BMI) in adolescence with later chronic disability due to specific causes of CVD disability (i.e.
cerebrovascular disease, ischaemic heart disease and heart failure).

...................................................................................................................................................................................................
Methods
and results

This population-based cohort study included 1 078 685 male adolescents (16–19 years) from the Swedish military
conscription register from 1972 to 1994. Cardiorespiratory fitness (bicycle ergometer test), muscular strength
(knee extension strength), and BMI were measured during the conscription examination. Information about disabil-
ity pension due to CVD was retrieved from the Social Insurance Agency during a mean follow-up of 28.4 years.
Cardiorespiratory fitness was strongly and inversely associated with later risk of chronic CVD disability for all
investigated causes. The association was particularly strong for ischaemic heart diseases (hazard ratio 0.11, 95%
confidence interval 0.05–0.29 for highest vs. lowest fitness-quintiles). Furthermore, overweight/obesity were associ-
ated with CVD disability for all investigated causes. Conversely, associations of muscular strength with CVD disabil-
ity were generally weak.

...................................................................................................................................................................................................
Conclusions This study provides evidence for associations between low levels of cardiorespiratory fitness and obesity with later

risk of chronic disability due to CVD. Preventive actions may begin at young ages and include promotion of cardio-
respiratory fitness and healthy body weight.
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Introduction

Cardiovascular (CV) disease (CVD) is a major cause of premature
death and disability worldwide1 and therefore constitutes a major
burden on societies. Identification of early preventable risk factors
for later chronic disability due to CVD is therefore of great import-
ance for prevention and early treatment.

Low levels of cardiorespiratory fitness and muscular strength are
related to a higher risk of CVD.2–4 Importantly, cardiorespiratory fit-
ness and muscular strength already in childhood are powerful predic-
tors of CV health in youth and later in life.4–7 This is of great concern
considering that low levels of physical activity, the major environmen-
tal determinant of cardiorespiratory fitness and muscular strength,
have been reported in youth in high-income countries globally.8 We
have previously examined cardiorespiratory fitness and muscular
strength in adolescence in relation to later disability9,10 and found
that low cardiorespiratory fitness, in particular, was a strong risk fac-
tor of later disability pension due to all causes and general categories,
such as psychiatric disorders, musculoskeletal, injuries, nervous sys-
tem, tumours, and circulatory causes. However, little is known
regarding the associations of cardiorespiratory fitness and muscular
strength in adolescence with later disability pension due to specific
CVD diseases, such as cerebrovascular disease, ischaemic heart dis-
ease, and heart failure.

Furthermore, it is well-known that obesity11 established already in
youth is related to early development of CVD. Obesity has also been
associated with a higher risk of disability pension due to CVD,12 but it
is unknown how obesity relates to the risk of later chronic disability
due to specific causes of CVD. Moreover, it is of clinical and public
health relevance whether cardiorespiratory fitness attenuates the as-
sociation of obesity with later risk of disability pension due to specific
causes of CVD. An objective and reliable way to study chronic dis-
ability due to CVD is to use data on disability pension, which is
granted in many countries to individuals not being able to work full-
time due to chronic disease. Clearly, disability pension in mid adult-
hood has a large impact on individuals and is also a great economic
burden on societies.13

In this population-based study, we followed-up more than 1 million
male participants from the Swedish Military Conscription Register to
investigate the independent and combined associations of cardio-
respiratory fitness, muscular strength, and body mass index (BMI),
with later risk of disability pension due to cerebrovascular disease, is-
chaemic heart disease, and heart failure.

Methods

Study sample
The Swedish Multi-Generation Register was used to identify a population
of males born in Sweden between 1951 and 1976 who performed con-
scription between 1972 and 1994. Linkage to the Swedish Military
Conscription Register as well as other nation-wide registers was created
by using the unique personal identification number which is assigned to all
Swedish citizens at birth. The Cause of Death Register and the Registry of
the Total Population was utilized to identify individuals who died or emi-
grated during follow-up. Conscription was mandatory by law for all young
males in Sweden during the years covered by this study, and only 2–3% of
adolescents (with severe chronic diseases) were exempted. Inclusion

criteria in this study were age <_19 years and availability of valid data on
cardiorespiratory fitness, muscular strength, BMI, and confounders. Of
the 1 125 739 adolescents who performed conscription, 42 178 had in-
complete data on cardiorespiratory fitness and another 4433 males had
missing data for muscular strength, BMI, and covariates or had extreme
values for height, weight, and BMI, as described previously.12,14 Thus, the
final sample consisted of 1 078 685 males. The study was approved by the
Regional Ethics committee, Stockholm, Sweden and complies with the
Declaration of Helsinki.

Baseline measurements
During the conscription examination, cardiorespiratory fitness was meas-
ured with a maximal workload test using a bicycle ergometer, as previ-
ously described.10 In short, each subject started with a warm-up, and the
maximal workload (calculated as the highest power output in Watts) was
thereafter measured by increasing the workload by 25 W per minute
until exhaustion or when the prescribed pedalling rate could not be main-
tained. Muscular strength was also measured during conscription, using
knee extension, handgrip, and elbow flexion strength, as previously
described.9 In order to avoid presenting all the information in triplicate,
the main analyses are shown for knee extension strength, which was gen-
erally the most powerful indicator of health-related muscular strength in
our previous study.9 Briefly, knee extension strength was measured in
Newtons, using an isometric dynamometer test performed at maximal
contraction capacity, in a sitting position with 90� flexion over the main
joint. Body mass index was calculated as weight (kg)/height squared (m2),
using standardized height and weight measurements. Classification of BMI
was performed according to World Health Organization (WHO) criteria
(underweight <18.5 kg/m2, normal weight 18.5–24.9 kg/m2, overweight
25.0–29.9 kg/m2, obesity >_30.0 kg/m2).

Disability pension
Date and cause of disability pension was retrieved from the Social
Insurance Agency between the years of 1971–2012. During this time,
men who were granted disability pension were assigned code for the
cause of disability pension, which had to be confirmed by a physician,
according to International Classification of Diseases (ICD) 8, 9, or 10.
According to the Swedish law, a person may be granted disability pension
if his/her working capacity is chronically reduced by at least 25% due to ill-
ness or injury. In the analysis, we used the primary ICD-code for the first
disability pension event. Three major causes of disability pension due to
CVD were studied: cerebrovascular disease, ischaemic heart disease, and
heart failure. Supplementary material online, Table S1 shows the ICD
codes for CVDs in this study.

Confounders
The following confounders were used in the study: childhood socioeco-
nomic position based on parental occupation, age at conscription, con-
scription centre, and conscription year. Information about parental
occupation was obtained from the Population and Housing Censuses
from 1960 to 1990. Subsequently, childhood socioeconomic position
was categorized into seven levels using the highest level of occupation of
either parent.

Statistical analysis
Hazard ratios (HRs) and 95% confidence intervals (95% CIs) were esti-
mated by means of Cox proportional hazards regression models. The
men in the study were followed until they received disability pension,
died, emigrated, or until the end of follow-up (31 December 2012). To in-
vestigate the associations of cardiorespiratory fitness and muscular
strength with CVD disability, adolescents were classified into quintiles of
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cardiorespiratory fitness and muscular strength (cut-offs are shown in the
footnotes of Table 1). In the combined analysis with cardiorespiratory fit-
ness and BMI status (normal weight or obese), the lowest quintile of car-
diorespiratory fitness was defined as unfit, whereas quintiles 2–5 were
defined as fit according to previous studies.15 All models were adjusted
for basic confounders, i.e. age, centre, year of conscription, childhood
socioeconomic position, and BMI (when muscular strength and cardio-
respiratory fitness were exposures). Subsequently, models were further
adjusted for muscular strength and/or cardiorespiratory fitness.
Adjustments for BMI, muscular strength, and cardiorespiratory fitness
were conducted using continuous data. Proportional hazards assumption
was verified with log–log plots and plots of Schoenfeld residuals.
Statistical analyses were performed using SPSS Statistics 22 (IBM,
Armonk, NY, USA) and Stata version 14.1 (Stata Corp, College Station,
TX, USA).

Results

Characteristics of the 1 078 685 men in this study are presented in
Table 1. Participants were followed for a maximum of 40.4 years
(mean 28.4± 7.0 years, in total 30.6 million person-years) and during
this time 2289 men were granted disability pension due to CVD. The
most prevalent individual causes of CVD disability were cerebrovas-
cular diseases (n = 1222) followed by ischaemic heart disease
(n = 346) and heart failure (n = 147) (Supplementary material online,
Table S1).

Cardiorespiratory fitness, muscular
strength, and chronic cardiovascular
disease disability
The associations of cardiorespiratory fitness at conscription with
later chronic CVD disability are shown in Figure 1 (cumulative inci-
dences in Supplementary material online, Figure S1). Higher cardio-
respiratory fitness was associated with a lower risk of disability for all
specific causes of CVD disability both in the basic models (including
adjustment for BMI) and after additional adjustment for muscular
strength. In the fully adjusted models, a higher cardiorespiratory fit-
ness was associated with a lower risk of chronic disability due to
cerebrovascular disease (HR 0.28; 95% CI 0.21–0.37 for highest vs.
lowest cardiorespiratory fitness quintiles), ischaemic heart disease
(HR 0.11; 95% CI 0.05–0.29), and heart failure (HR 0.26; 95% CI
0.10–0.70).

Figure 2 shows the corresponding associations of muscular
strength at conscription with later chronic disability due to CVD (cu-
mulative incidences in Supplementary material online, Figure S2). In
the basic models, a higher muscular strength was associated with a
lower risk of CVD disability, especially for cerebrovascular disease
(HR 0.69; 95% CI 0.57–0.84 for highest vs. lowest muscular strength),
and ischaemic heart disease (HR 0.55; 95% CI 0.37–0.80) for the high-
est vs. lowest quintile of muscular strength. However, the associa-
tions for muscular strength were generally weaker than for
cardiorespiratory fitness (Figure 1) and did not reach statistical signifi-
cance after further adjustment for cardiorespiratory fitness.

Body mass index and chronic
cardiovascular disease disability
Associations of BMI at conscription with later chronic CVD disability
are shown in Figure 3 (cumulative incidences in Supplementary mater-
ial online, Figure S3). Obesity was associated with a greater risk of
later CVD disability both in the basic models and after further adjust-
ments for cardiorespiratory fitness and muscular strength. Thus, in
the fully adjusted models, male adolescents with obesity were around
2.5 to 4 times more likely to be granted disability pension due to
chronic cerebrovascular diseases and ischaemic heart disease (HRs
between 2.47 and 4.35), and 6 times more likely due to heart failure
(HR 6.00; 95% CI 2.97–12.11), compared to normal-weight
adolescents.

Combined associations of
cardiorespiratory fitness and body mass
index with chronic cardiovascular disease
disability
The combined associations of cardiorespiratory fitness and BMI at
conscription with later CVD disability due to cerebrovascular disease
and ischaemic heart disease are presented in Figure 4 (combined anal-
yses with heart failure had too few cases). There was a week, but stat-
istically significant, correlation (r = 0.268, P < 0.001) between BMI (kg/
m2) and cardiorespiratory fitness (W). A combination of a low car-
diorespiratory fitness (i.e. first quintile) and obesity was strongly asso-
ciated with a higher risk of chronic CVD disability for all investigated
causes. The highest risk of disability pension was due to ischaemic
heart disease for men who were both obese and unfit (HR 7.54; 95%

.................................................................................................

Table 1 Descriptive characteristics of the participants
in the study (n 5 1 078 685)

Mean 6 SD

or % (n)

Age at conscription 18.32 ± 0.44

Height (cm) 179.3 ± 6.5

Weight (kg) 69.9 ± 10.3

BMI (kg/m2) 21.7 ± 2.8

BMI categories

Underweight (<18.5 kg/m2) 8.1% (87 531)

Normal-weight (18.5–24.9 kg/m2) 81.5% (879 045)

Overweight (25.0–29.9 kg/m2) 8.7% (94 196)

Obesity (>_30.0 kg/m2) 1.7% (17 913)

Cardiorespiratory fitnessa (W) 275.2 ± 52.0

Knee extension strengthb (N) 573.7 ± 118.0

Childhood SEP as indicated by highest occupation of parents

Non-manual workers at higher level 8.6% (92 332)

Non-manual workers at intermediate level 21.2% (228 583)

Non-manual workers at lower level 15.4% (166 231)

Self-employed or farmers 7.4% (79 467)

Skilled workers 32.7% (352 311)

Unskilled workers 12.0% (129 334)

Others 2.8% (30 427)

BMI, body mass index; SEP, socioeconomic position.
aQuintile 1 <_ 229 W; Quintile 2 = 230–254 W; Quintile 3 255–284 W; Quintile
4 = 285–320 W; Quintile 5 >_ 321 W.
bQuintile 1 <_ 470 N; Quintile 2 = 471–530 N; Quintile 3 = 531–590 N; Quintile
4 = 591–660 N; Quintile 5 >_ 661 N.
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Figure 1 Associations of cardiorespiratory fitness at conscription
with later disability pension due to cardiovascular diseases
(n = 1 078 685). Cox proportional hazards regression models were
used to estimate hazard ratios with 95% confidence intervals. Basic
adjustments in the analyses were age, centre, year of conscription,
childhood socioeconomic position, and body mass index at con-
scription. Models were also further adjusted for muscular strength.

Figure 2 Associations of muscular strength at conscription with
disability pension due to cardiovascular diseases (n = 1 078 685).
Cox proportional hazards regression models were used to estimate
hazard ratios with 95% confidence intervals. Basic adjustments in
the analyses were age, centre, year of conscription, childhood socio-
economic position, and body mass index at conscription. Models
were also further adjusted for cardiorespiratory fitness.

1506 H. Henriksson et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article-abstract/41/15/1503/5618700 by U
niversidad de G

ranada - Biblioteca user on 21 M
ay 2020



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.. CI 3.06–18.58). Being fit (cardiorespiratory fitness quintiles 2–5) atte-
nuated the risk of chronic CVD disability for both normal weight and
adolescents with obesity.

Sensitivity analyses
We conducted sensitivity analyses to assess the robustness of our
findings. First, to further explore the shape of the associations with
disability pension, we also used restricted cubic splines of cardio-
respiratory fitness, muscular strength, and BMI, respectively
(Supplementary material online, Figures S4–S6). Briefly, greater car-
diorespiratory fitness and BMI were associated with lower risk of dis-
ability pension due to CVD, whereas associations for strength were
considerably weaker. Second, in our analyses, we utilized the primary
diagnosis for disability pension although some men (approximately
40%) also had a secondary ICD-code. Thus, we performed a

Figure 3 Associations of different body mass index categories at
conscription with disability pension due to cardiovascular diseases
(n = 1 078 685). Cox proportional hazards regression models were
used to estimate hazard ratios with 95% confidence intervals. Basic
adjustments in the analyses were age, centre, year of conscription,
and childhood socioeconomic position. Models were also further
adjusted for cardiorespiratory fitness and muscular strength.

Figure 4 Combined association of cardiorespiratory fitness and
body mass index at conscription with disability pension due to car-
diovascular diseases. NW, normal weight (n = 879 045); OB, obesity
(n = 17 913). Adolescents with fitness in quintile 1 were considered
as ‘Unfit’, while adolescents in quintiles 2–5 were considered ‘Fit’.
Cox proportional hazards regression models were used to estimate
hazard ratios with 95% confidence intervals. Models were adjusted
for age, centre, year of conscription, childhood socioeconomic pos-
ition, and muscular strength at conscription.

Fitness, strength and obesity in adolescence vs. later CVD disability 1507
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article-abstract/41/15/1503/5618700 by U
niversidad de G

ranada - Biblioteca user on 21 M
ay 2020

https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehz774#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
sensitivity analysis in which we utilized both the first and secondary
ICD-code, but conclusions were very similar to our main analyses.
Third, we conducted stratified Cox regression models (based on 5-
year-band on birth year), and results were very similar to our main
results. Fourth, we conducted a sensitivity analysis in the individuals
(n = 34 966) with data on smoking and alcohol consumption (these
variables were only available in early years of the Swedish
Conscription Registry, see Supplementary material online, Table S2).
This analysis showed that low cardiorespiratory fitness (i.e. quartile
1) as compared to quartile 2–5 was a strong risk factors for disability
pension due to cerebrovascular diseases and ischaemic heart disease
even after adjustments for smoking and risky alcohol consumption at
conscription. Finally, we assessed the robustness of the associations
of cardiorespiratory fitness with disability pension by calculating E-
values.16 As shown in Supplementary material online, Table S3, calcu-
lated E-values were generally high indicating robustness to residual
confounding.

Discussion

Statement of principal findings
In this large population-based study, high cardiorespiratory fitness
was strongly associated with lower risk of disability pension for all
investigated specific causes of CVD disability, such as cerebrovascular
disease, ischaemic heart disease, and heart failure and associations
were robust to adjustments for BMI and muscular strength.
Additionally, high muscular strength was also associated with a lower
risk of chronic disability due to CVD, especially for cerebrovascular
disease and ischaemic heart disease, but the associations were gener-
ally weaker than for cardiorespiratory fitness and did not persist after
adjustment for cardiorespiratory fitness. Overweight, and particularly
obesity, was associated with an increased risk of disability pension
due to CVD for all investigated causes, even after adjustment for car-
diorespiratory fitness and muscular strength. However, being fit
appeared to attenuate the risk of disability pension for the investi-
gated causes for both normal weight and adolescents with obesity.

Cardiorespiratory fitness, muscular
strength, and chronic cardiovascular
disease disability
There is substantial evidence supporting the impact of cardiorespira-
tory fitness for prevention17 treatment18 and as a predictor of later
CVD.2,5,17–19 Previous studies, including our previous work,10 have
reported that cardiorespiratory fitness in adolescence is associated
with long-term risk of CVD events5 and disability pension due to
all10,20 and circulatory causes.10 In the current study, we extend the
existing literature by demonstrating that cardiorespiratory fitness is
also predictive of later chronic disability due to specific causes of
CVD, i.e. cerebrovascular disease, ischaemic heart disease, and heart
failure. Furthermore, there is evidence for an inverse association be-
tween muscular strength and CVD later in life.7,21 Previous research
and the result from this study indicate that the association of cardio-
respiratory fitness with CVD may be stronger than for muscular
strength.14,22 This could be due to the fact that cardiorespiratory fit-
ness may represent a better indicator of the whole cardiovascular

system than muscular strength and may be more strongly linked to
CVD risk factors than muscle strength.23,24 In this study, muscular
strength was measured at a single location (knee extension strength)
and associations of muscular strength with health outcomes may be
stronger in studies where muscle strength is assessed using multiple
tests combining large muscle groups in the upper and lower body21

although further studies are needed. Comparison with previous stud-
ies are also complicated considering that this is, to the best of our
knowledge, the first study to examine cardiorespiratory fitness and
muscular strength in relation to disability pension due to specific
causes of CVD.

It is not fully understood how cardiorespiratory fitness may be
beneficial for CV health. However, high cardiorespiratory fitness has
been associated with several CV adaptations which are favourable
for healthy individuals, irrespective of age and sex.18

Cardiorespiratory fitness enhancing physical activity positively alters
cardiac morphology, vasculature, and physiological performance; for
example, increased end-diastolic diameter, increases in cardiac wall
thickness, and less arterial stiffness.18 Moreover, higher intensities of
physical activity from exercise training also attenuates declines in car-
diac function associated with ageing.18

Body mass index and chronic
cardiovascular disease disability:
independent and combined associations
with cardiorespiratory fitness
It is well-known that obesity in youth is related to CVD11,25 and also
to the risk of disability pension.10,12,13 This study provides additional
evidence of an association of overweight, and particularly obesity,
with the risk of later chronic disability due to cerebrovascular dis-
eases, ischaemic heart disease, and heart failure. In our study, a com-
bination of low cardiorespiratory fitness and obesity jointly increased
the risk of chronic CVD disability. This finding is in line with two stud-
ies which reported interactive effects of obesity and cardiorespira-
tory fitness on the risk of ischaemic heart disease19 and
hypertension.14 Our findings expand the knowledge in the field to in-
clude combined associations of obesity and cardiorespiratory fitness
on the risk of developing chronic CVD disability due to cerebrovas-
cular diseases and ischaemic heart disease. Our findings also support
the ‘fat but fit’ concept in relation to chronic CVD disability, since
moderate to high levels of cardiorespiratory fitness (classified as fit)
may attenuate the negative consequences of obesity on chronic CVD
disability, supporting the evidence on the impact of cardiorespiratory
fitness in obesity.15

Limitations and strengths
This study is based on military conscription data. Hence, one limita-
tion is that we only have data for males in adolescence and their later
risk of disability pension due to CVD. Thus, our results are relevant
to men only and cannot be generalized to women. Furthermore,
since ICD-codes from the Social Insurance Agency contained three-
digit codes, we were only able to analyse relevant sub-chapters and
diseases of the circulatory chapter of ICD rather than specific ICD-
codes of four digits or more. Another important limitation is that we
only had information regarding smoking and alcohol consumption
during conscription for a sub-sample (n = 34 966) of adolescents in
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..the study. However, our sensitivity analysis in this sample showed
that low cardiorespiratory fitness remained associated with disability
pension due to cerebrovascular diseases and ischaemic heart disease
when adjusting for both smoking and risky alcohol consumption at
conscription. Furthermore, our calculated E-values were generally
high (>_6.35) indicating that a single unmeasured confounder would
have to be associated with both cardiorespiratory fitness and disabil-
ity pension by risk ratios of at least 6.35 to fully explain away the
observed association.16 Although a single confounder of that magni-
tude is unlikely, future studies should consider the role of smoking, al-
cohol consumption, and other potential confounders, such as diet, in
the association of cardiorespiratory fitness in youth with later CVD
disability. Furthermore, it should be noted that the number of cases
of CVD disability was relatively low since only chronic disabilities are
granted disability pension and that the majority of the cohort were
still relatively young at the end of follow-up (mean age: 47 years).

The main strengths of this study are the population-based study
design and the large sample size allowing us to evaluate the risk of
CVD disability for specific causes, in different BMI status categories
and also to investigate the combined effect of cardiorespiratory fit-
ness and BMI status on the risk of CVD disability. The population-
based design also minimizes selection bias and non-response. Other
strengths are that data on both cardiorespiratory fitness, muscular
strength, and disability pension were objectively assessed and, there-
fore, the risk of bias as a result of self-reporting was avoided. Finally,
cardiorespiratory fitness and muscular strength were measured in
adolescence and CVD disability was assessed many years later. Since

the prevalence of CVD is low in adolescence, this study design
reduces the risk of reverse causation, i.e. reduced cardiorespiratory
fitness and muscular strength due to CVD.

Clinical and public health implications
Cardiovascular disease remains a major cause of premature death
and disability worldwide.1 The global burden of CVD (expressed as
premature deaths, years of life lost, and years lived with disability) has
continued to increase in the last decade even though age-
standardized mortality has declined. Growth and ageing of the popu-
lation contribute to this observed increase in burden of CVD.1,26

Consequently, disability pension due to CVD constitutes a major
burden on societies, due to productivity losses,12,13 as well as on an
individual level due to decreased quality of life.

Cardiovascular health is generally quite poor in contemporary
youth.27,28 Since CVD risk factors track from childhood to adult-
hood,29 prevention of early risk factors is critical in order to achieve
long-term CV health. The current study provides evidence for benefi-
cial associations of cardiorespiratory fitness and risk of chronic CVD
disability. A major concern is that only a small portion of contempor-
ary youth meet the guideline recommendations of 60 min of moder-
ate to vigorous physical activity per day.8 Although cardiorespiratory
fitness has a fairly strong genetic component, low levels of physical ac-
tivity is a major determinant of low cardiorespiratory fitness and may
also explain increases in BMI over time.18,30 Therefore, increasing
physical activity levels at young ages has the potential to have a large
impact on long-term CV health. In this study, it can also be observed
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.
that adolescents with overweight and obesity had greater risk of
chronic CVD disability later in life. Moreover, our results suggest that
medium to high cardiorespiratory fitness may attenuate the increased
risk of obesity on CVD disability, which points out the importance of
high cardiorespiratory fitness levels also in individuals with obesity.
Our results support the 2016 European Guidelines on CVD preven-
tion in clinical practice which highlights the need to promote physical
activity and healthy body weight already early in life for CVD preven-
tion.31 There are cut points for youth to identify low levels of cardio-
respiratory fitness to prevent CVD,32 and a recent American Heart
Association statement claimed that measurement of cardiorespira-
tory fitness in clinical settings is both important and feasible.2 Hence,
efforts to promote cardiorespiratory fitness and a healthy body
weight may become a standard part of clinical encounters for early
prevention of CVD (Take home figure).

Conclusion

This large population-based study provides evidence for a strong as-
sociation between low cardiorespiratory fitness in adolescence and
later risk of chronic CVD disability due to cerebrovascular disease, is-
chaemic heart disease, and heart failure. Furthermore, overweight
and particularly obesity was associated with an increased risk of
chronic disability due to CVD for all investigated causes. Our study
also supports that the increased risk of CVD disability observed in
the presence of obesity can be at least partially attenuated by having
a moderate to high cardiorespiratory fitness. Finally, although evi-
dence of an association between muscular strength with CVD disabil-
ity was found, this association was weaker than for cardiorespiratory
fitness and BMI, and did not persist after adjustment for cardio-
respiratory fitness. Altogether, our results suggest that preventive
actions may begin at young ages and include promotion of cardio-
respiratory fitness and healthy body weight, for long-term CV health
and prevention of CVD disability.

Supplementary material

Supplementary material is available at European Heart Journal online.
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4. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in childhood and
adolescence: a powerful marker of health. Int J Obes 2008;32:1–11.

5. Hogstrom G, Nordstrom A, Nordstrom P. Aerobic fitness in late adolescence
and the risk of early death: a prospective cohort study of 1.3 million Swedish
men. Int J Epidemiol 2016;45:1159–1168.

6. Ruiz JR, Castro-Pi~nero J, Artero EG, Ortega FB, Sjöström M, Suni J, Castillo MJ.
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