
Open access�

   1Hedin K, et al. Open Heart 2026;13:e004046. doi:10.1136/openhrt-2026-004046

	► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (https://​doi.​org/​10.​1136/​
openhrt-​2026-​004046).

To cite: Hedin K, Carlén A, 
Hadziosmaniovic N, et al. 
Physical fitness after myocardial 
infarction compared with clinical 
reference values: a 
SWEDEHEART registry study. 
Open Heart 2026;13:e004046. 
doi:10.1136/
openhrt-2026-004046

Received 11 February 2026
Accepted 1 May 2026

For numbered affiliations see 
end of article.

Correspondence to
Kajsa Hedin; ​kajsa.​hedin@​gu.​se

Physical fitness after myocardial 
infarction compared with clinical 
reference values: a SWEDEHEART 
registry study

Kajsa Hedin  ‍ ‍ ,1,2 Anna Carlén  ‍ ‍ ,3,4 Nermin Hadziosmaniovic,5 Emil Hagström,6 
Tomas Jernberg,7 Margret Leosdottir  ‍ ‍ ,8,9 Annica Ravn-Fischer,1,10 
Camilla Sandberg  ‍ ‍ ,11 Kristina Åhlund,12,13,14 Charlotte Urell,15 Maria Bäck1,16

Cardiac risk factors and prevention

© Author(s) (or their 
employer(s)) 2026. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ Group.

ABSTRACT
Purpose  The primary aim of this study was to describe 
physical fitness in a large real-world cohort of patients 
entering exercise-based cardiac rehabilitation (EBCR) after 
first-time myocardial infarction (MI). The secondary aim 
was to compare the results with clinical reference values.
Methods  This registry-based cohort study used data 
from the Swedish Web-system for Enhancement and 
Development of Evidence-based care in Heart Disease 
Evaluated According to Recommended Therapies 
(SWEDEHEART) post-MI registry between 2016 and 2019. 
Patients with first-time MI who underwent physiotherapist-
led assessments of physical fitness at EBCR entry were 
included. Exercise capacity was evaluated by a symptom-
limited cycle ergometer test and muscular endurance by 
a unilateral heel-rise test. Results were compared with 
age-stratified and sex-stratified clinical reference values. 
Reference values for exercise capacity were based on the 
Swedish Kalmar dataset, the national standard reference 
in Sweden since 2014, and reference values for heel-rise 
performance were based on a Swedish normative dataset 
of healthy adults.
Results  A total of 15 105 patients (mean age 62.5±9.1 
years, 78.4% men) were included. Exercise capacity 
(Watt max from the exercise test) was higher in men than 
women across age groups, and muscular endurance 
declined with age, with a steeper age-related decline 
in women’s heel rise performance. The mean exercise 
capacity of the study population corresponded to 
64.7±27.4% of predicted values in men and 68.4±18.9% 
in women. Muscular endurance averaged 78.4%±51.0% 
of reference values in men and 61.7%±43.2% in women.
Conclusion  At EBCR entry after a first-time MI, both 
exercise capacity and muscular endurance were 
substantially below age-specific and sex-specific 
reference values. These results underscore the importance 
of systematic baseline assessments and tailored 
rehabilitation interventions targeting both exercise 
capacity and muscular endurance.

INTRODUCTION
Cardiovascular diseases (CVD), including 
acute myocardial infarction (MI), are the 

leading cause of morbidity and mortality 
worldwide.1 Although mortality rates 
following acute MI have declined, the risk of 
recurrent events remains high.2

Given this heightened residual risk, 
comprehensive strategies to improve prog-
nosis are essential. Cardiac rehabilitation 
(CR) is one such evidence-based interven-
tion, supported by both the European Society 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Reduced physical fitness after myocardial infarction 
is common and is an important target in second-
ary prevention. Baseline exercise testing is recom-
mended to support risk stratification and tailored 
exercise prescription. Yet, it remains unclear how 
large the fitness deficits are at entry to exercise-
based cardiac rehabilitation and how these com-
pare with clinical reference values.

WHAT THIS STUDY ADDS
	⇒ In this nationwide Swedish Web-system for 
Enhancement and Development of Evidence-based 
care in Heart Disease Evaluated According to 
Recommended Therapies (SWEDEHEART) cohort, 
patients who entered exercise-based cardiac reha-
bilitation after myocardial infarction had markedly 
reduced exercise capacity and muscular endurance 
compared with reference values. The study provides 
age and sex specific descriptions of these deficits 
from routine clinical practice.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The findings provide clinically useful benchmarks 
for physical fitness at entry to exercise-based car-
diac rehabilitation after myocardial infarction and 
highlight substantial deficits and wide variation in 
both exercise capacity and muscular endurance for 
men and women. Symptom-limited cycle ergometry 
and the heel rise test are feasible assessments that 
can support tailored exercise prescription and iden-
tify patients needing closer support.
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of Cardiology and the American Heart Association.3 4 
CR includes several core components; for example, risk 
factor management, patient education, psychosocial 
support and exercise training, with the latter consis-
tently defined as a central component.4 Exercise-based 
CR (EBCR), including both aerobic and muscle strength 
exercises, has been shown to reduce the risk of CVD 
mortality, hospital readmissions and recurrent MI.5 Effec-
tive and safe EBCR requires baseline assessment of phys-
ical fitness, followed by individually prescribed exercise 
within a supervised, structured programme.4 6 The central 
role of exercise training within CR reflects the strong 
prognostic value of physical fitness. In healthy popula-
tions, both exercise capacity and muscular performance 
vary by age and sex.7–9 After MI, physical fitness may be 
further reduced due to a combination of pre-existing low 
fitness and additional disease-related limitations in the 
early recovery period.10 11 Still, there is limited knowledge 
of how these patients perform in relation to age-specific 
and sex-specific clinical reference values when entering 
EBCR. Multiple studies have established physical fitness, 
including cardiorespiratory fitness (CRF), often quanti-
fied as peak oxygen uptake, as a strong predictor of CVD 
mortality in both healthy adults and those with a history of 
MI.12–14 Importantly, improvements in CRF are associated 
with reduced mortality risk, regardless of baseline fitness 
or CVD disease status.13 In routine clinical practice, gas 
exchange measurements are rarely available. Instead, 
exercise capacity is characterised using symptom-limited 
peak work rate (maximal Watts, Wmax) obtained during 
cycle ergometry, alongside tests of muscular endurance. 
Large real-world observations describing physical fitness 
among patients entering EBCR after MI, using routine 
clinical testing and interpreting results against clinical 
reference values, remain limited.

Although reduced physical fitness after MI is well 
recognised, there is still limited knowledge of how 
patients entering EBCR perform in relation to clinical 
reference values. Previous studies have often focused on 
selected populations, a single aspect of physical fitness 
or absolute exercise capacity measures without compar-
ison with age-specific and sex-specific expected values. A 
better understanding of the magnitude of impairment at 
EBCR entry may improve clinical assessment, goal-setting 
and interpretation of test results in routine care. The 
primary aim of this study was to describe physical fitness 
in a large real-world cohort of patients entering EBCR 
after MI. The secondary aim was to compare these results 
with clinical reference values.

METHODS
Data sources
This cohort study is based on data from the Swedish Web-
system for Enhancement and Development of Evidence-
based care in Heart Disease Evaluated According to 
Recommended Therapies (SWEDEHEART) registry, 
including patients between 1 January 2016 and 31 

December 2019.15 SWEDEHEART consists of several 
subregistries, including SWEDEHEART-acute coro-
nary syndrome (ACS) which collects data related to the 
acute phase of care post-MI, and SWEDEHEART-CR 
which includes data on secondary prevention.16 In the 
assessment of physical fitness, physiotherapists register 
a symptom-limited cycle ergometer exercise test and a 
unilateral heel-rise test at the start and end of EBCR. In 
clinical practice, an additional shoulder flexion test is 
included but was not analysed in the present study due 
to the lack of reference values. Both SWEDEHEART-ACS 
and SWEDEHEART-CR have a centre-level coverage of 
100%. SWEDEHEART-CR has patient-level coverage 
exceeding 75%.17 Data quality in SWEDEHEART has 
been assessed through serial nationwide audits against 
electronic medical records. In the most recent published 
audit, SWEDEHEART-CR showed high overall data 
completeness (94.5%) and accuracy (95.8%).18 Socioec-
onomic data, including educational attainment, income, 
marital status and region of birth, were obtained from 
the Statistics Sweden registry.

Reference values
Clinical reference values for exercise capacity were 
drawn from the Swedish ‘Kalmar dataset’, comprised of 
1790 individuals referred for exercise testing, with no 
cardioactive medication and no cardiopulmonary symp-
toms during testing, reaching at least 15 on the Borg 
rating of perceived exertion (RPE) scale, that is, normal 
outcome. The Kalmar dataset has served as the national 
standard reference for exercise testing in Sweden since 
2014.19 Clinical reference values for muscular endurance 
were derived from a Swedish dataset (n=566) containing 
normative values for heel raises among healthy adults.20

Study population
Inclusion criteria were registration in SWEDEHEART 
between 1 January 2016 and 31 December 2019 and 
a first-time diagnosis of acute MI type 1 coded as I21 
according to the International Classification of Diseases, 
10th revision. Until 31 December 2018, the eligible age 
range in SWEDEHEART-CR was 18–74 years; from 1 
January 2019 to 31 December 2019 it was extended to 
18–79 years. The exclusion criterion was Borg RPE<15 at 
the end of the cycle ergometer exercise test, since such 
tests were considered unlikely to provide a valid estimate 
of exercise capacity (eg, premature termination due to 
symptoms, pain or other non-fitness limiting factors).

Procedures
Exercise capacity was assessed during the first physiother-
apist visit after hospital discharge, using a cycle ergometer 
exercise test following the WHO protocol,21 with a step-
wise work rate increase of 25 Watts (W) every 4.5 min.22 
The initial work rate, either 25 W or 50 W, was individual-
ised based on the patient’s self-reported previous activity 
level. Heart rate and blood pressure were monitored at 
regular intervals throughout the test, and the patient 
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was asked to rate the exertion23 at each work rate stage. 
The test was intended to be symptom-limited. For safety 
reasons, RPE 17 was used as a termination criterion. 
Additional termination criteria followed a standardised 
Swedish clinical routine for symptom-limited bicycle exer-
cise testing, broadly aligned with established guidelines.24 
Only participants who rated perceived exertion ≥15 at test 
termination were included in the study. Tests stopped at 
lower exercise intensities due to limiting symptoms (eg, 
chest discomfort, musculoskeletal pain or other patient-
related reasons) were thus not included. Peak work rate 
in W and the duration of the final stage (minutes and 
seconds) were recorded and combined to define Wmax 
according to the Strandell formula22 as maximal power=-
submaximal power + (25×d/4.5), where submaximal 
power is the workload preceding the final, uncompleted 
stage and d is the number of minutes completed at the 
final workload. Although the achieved workload is more 
accurately described as peak workload rather than a true 
maximal value, the results were expressed as computed 
Wmax to enable comparison with the reference dataset, 
in which this term is used. Information on equipment, 
calibration routines and inter-rater reliability between 
assessors is not available in SWEDEHEART.

Muscular endurance was assessed using a unilateral 
heel-rise test, as a clinical measure of lower-limb muscular 
endurance. The test was conducted on the patient’s 
preferred leg, with the patient standing on one leg on 
a 10° tilted wedge, using light fingertip support against 
a wall for balance while the opposite leg was slightly 
elevated. After one maximal heel-rise was performed to 
mark the target height, the patient continued the move-
ment at a pace of 30 repetitions per minute, guided by a 
metronome. The test ended when the patient could no 
longer reach the marked height, bent their knee or failed 
to keep the pace.

Detailed procedures for the tests are described else-
where25 and are clearly outlined in a national stan-
dardised manual used throughout Sweden, which serves 
as a reference for all physiotherapists conducting the 
assessments. Results from the physiotherapist-led assess-
ments were documented in SWEDEHEART-CR as part of 
routine clinical practice.

Outcome variables
The outcome variables were exercise capacity and 
muscular endurance.

Conversions
The sum of the total work performed in all stages of 
the exercise test was calculated as an individual constant 
(K).26 This enabled us to compare the results from the 
stage-based exercise test (Wmax) to the Swedish refer-
ence values19 for predicted exercise capacity (predicted 
Wmax) as if the same test protocols had been used. 
The following formula was used: ∑ ti Wi

5 = K where ti 
represents the duration and Wi the work rate at the ith 
stage. K was then converted to the maximal work rate 

that each individual could maintain for 6 min (Wmax6’ 
= (K/6)1/5),27 and subsequently re-calculated to a 
standard protocol with an increment of 15 W/min for 
men and 10 W/min for women as (36a(Wmax6’)5)1/6, 
where ‘a’ represents the increase in work rate per 
minute.28 Finally, the computed Wmax was compared 
with the predicted Wmax by calculating the percentage 
of predicted exercise capacity (computed Wmax/
predicted Wmax × 100).

Statistical analysis
Continuous variables were summarised as means with 
SD, upper 95th and lower fifth percentiles and categor-
ical variables as counts and percentages. To align with 
the underlying reference datasets, age was categorised 
as follows: for exercise capacity, 5-year bands of 21–25 
years, 26–30 years, 31–35 years, 36–40 years, 41–45 
years, 46–50 years, 51–55 years, 56–60 years, 61–65 years, 
66–70 years, 71–75 years and 76–80 years were used; for 
muscular endurance (heel-rise) 10-year bands were used 
(20–29 years, 30–39 years, 40–49 years, 50–59 years, 60–69 
years and 70–79 years). Exercise capacity outcomes were 
presented as relative differences versus sex-specific and 
age-specific reference values (% of predicted), whereas 
muscular endurance was presented as absolute differ-
ences in repetitions to maximise clinical interpreta-
bility. One-sample t-tests were used to compare observed 
results with reference population norms stratified by sex 
and age. Normality within each sex and age stratum was 
assessed by visual inspection of distribution plots, and 
outliers were inspected graphically using histograms and 
boxplots. Given the large sample sizes, the one-sample 
t-test was considered robust to modest deviations from 
normality.

The analyses were descriptive and aimed to compare 
observed physical fitness with established clinical refer-
ence values. Therefore, no multivariable modelling, 
model selection procedures or adjustment for poten-
tial confounders were performed. Missing data were 
handled using an available-case approach, with no impu-
tation performed. For the one-sample t-tests, assump-
tions of independence of observations and approximate 
normality of the outcome distributions within each sex 
and age stratum were evaluated. All tables and figures 
were generated directly from SAS using reproducible 
code, and the output was cross-checked to ensure consis-
tency between raw data and reported results. All analyses 
were performed using SAS V.9.4 (SAS Institute, Cary, 
North Carolina, USA). Statistical significance was set at 
p<0.05.

Use of AI tools
Beyond standard reference searches and manual text 
refinement, the AI tool Research Rabbit was used to iden-
tify relevant references through network-based literature 
exploration, and ChatGPT and Copilot were used for 
translation and text editing.
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Patient and public involvement
Patients and members of the public were not involved 
in the design, conduct, reporting or dissemination plans 
of this registry-based study. As the study was based on 
routinely collected nationwide registry data, there was no 
direct patient or public involvement in recruitment, data 
collection or choice of outcome measures.

RESULTS
Out of 63 307 patients diagnosed with first-time MI 
during the inclusion period, n=4140 were excluded due 
to a diagnosis of MI type 2. n=44 894 had data registered 
in SWEDEHEART CR, of which 15 105 patients attended 
a first physiotherapy visit. Out of those attending the 
visit, n=12 831 completed a cycle ergometer exercise test 
with a rating of ≥15 on the Borg RPE scale and n=11 323 
completed a heel-rise test (figure 1). The physiotherapy 
assessment was performed a median of 35 days after 
hospital discharge (Q1 21, Q3 56; table 1).

Demographics and patient characteristics
Baseline characteristics for the 12 831 included patients 
who completed the cycle ergometer test with Borg 
RPE ≥15 are summarised in table  1. The cohort had a 
mean age of 62.5±9.1 years and was predominantly male 
(78.4%). Mean BMI was 27.9±4.7 kg, and 61.1% were 
current or former smokers. Non-ST-elevation myocardial 
infarction was more common than ST-elevation myocar-
dial infarction, and most patients had preserved left 
ventricular ejection fraction at discharge. Characteristics 

for participants with Borg RPE <15 are provided in online 
supplemental table S1.

Physical fitness within the study cohort
Men tended to achieve higher absolute maximal work 
rate (Wmax) than women in all age groups, and Wmax 
declined with increasing age in both sexes (figure  2, 
online supplemental Table S2a and b). Among men, 
mean Wmax ranged from 143.3±19.1 W in the youngest 
group (21–25 years) to 79.4±26.8 W in the oldest (76–80 
years). In women, participant numbers were low in the 
youngest age groups; in the age groups with adequate 
sample size, mean Wmax declined from 40 years onwards 
reaching 50.0±18.2 W in the oldest age group (76–80 
years). In women, participant numbers were low in the 
20–39 year groups for muscular endurance tests; these 
groups are therefore not included in the age-pattern 
summary. From 40 years to 79 years, women showed a 
clear decline in heel-rise performance. Among men, heel-
rise performance was highest in younger ages, remained 
largely stable through midlife and was lower in the oldest 
groups (tables 2 and 3).

Reference comparison
The mean exercise capacity (expressed as computed 
Wmax) of the study population corresponded to 
64.7±27.4% of the predicted value in men and 68.4±18.9% 
in women, respectively (figure 3a, b, online supplemental 
table S3a and b). The relative exercise capacity per age 
stratum in men and women are presented in tables  4 
and 5. Women in the EBCR population had higher rela-
tive exercise capacity than men across most age groups. 
A cumulative distribution plot of % predicted Wmax 
showed that most patients in both sexes had values below 
100% of predicted Wmax, with a slight rightward shift in 
women compared with men (figure 4).

Heel-rise performance, expressed as absolute number 
of repetitions, was consistently lower than the sex- and 
age-specific reference across all strata. Mean performance 
was 15.3±9.4 repetitions in men and 11.9±8.3 in women, 
corresponding to 78.4%±51.0% and 61.7%±43.2% of 
the reference values, respectively. In men, mean repeti-
tions declined from 21.6±8.1 (20–29 years) to 12.9±9.6 
(70–79 years), with absolute deficits when compared with 
references ranging from −15.9 to −1.6 repetitions (all 
p<0.05). In women, small sample sizes in the 20–39 year 
strata warrant caution; from 40 years to 79 years, mean 
repetitions declined from 16.1±8.4 to 9.7±8.1, with abso-
lute deficits ranging from −17.4 to −6.7 repetitions (all 
p<0.05) (tables 4 and 5).

DISCUSSION
In our nationwide registry-based study, patients entering 
EBCR after MI showed markedly reduced physical 
fitness compared with clinical reference values. This 
pattern was seen both for exercise capacity and for 
lower-limb muscular endurance, indicating that reduced 
physical fitness at rehabilitation entry is not limited 

Figure 1  Study flow chart. CR, cardiac rehabilitation; MI, 
myocardial infarction; RPE, rating of perceived exertion; 
SWEDEHEART, Swedish Web-system for Enhancement 
and Development of Evidence-based care in Heart Disease 
Evaluated According to Recommended Therapies.
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Table 1  Baseline characteristics at index hospitalisation

Statistics Women n=2769 Men n=10 062 Total n=12 831

Age, years n 2769 10 062 12 831

Mean (SD) 63.7 (8.8) 62.2 (9.2) 62.5 (9.1)

Country or region of birth Sweden 2374 (85.7%) 8346 (83.0%) 10 720 (83.6%)

Scandinavia except Sweden 150 (5.4%) 331 (3.3%) 481 (3.7%)

EU except Scandinavia 94 (3.4%) 308 (3.1%) 402 (3.1%)

Europe except Scandinavia and EU 73 (2.6%) 387 (3.8%) 460 (3.6%)

Outside of Europe 78 (2.8%) 688 (6.8%) 766 (6.0%)

Employment status Working 987 (38.1%) 4818 (51.4%) 5805 (48.5%)

On sick leave 121 (4.7%) 205 (2.2%) 326 (2.7%)

Unemployed 41 (1.6%) 175 (1.9%) 216 (1.8%)

Retired 1432 (55.2%) 4101 (43.7%) 5533 (46.2%)

Student/other 12 (0.50%) 79 (0.80%) 91 (0.80%)

Education level Primary school education <9 years 227 (8.2%) 1046 (10.5%) 1273 (10.0%)

Primary school education 9 years 308 (11.2%) 1314 (13.2%) 1622 (12.7%)

Secondary education 1447 (52.5%) 4778 (47.9%) 6225 (48.9%)

Post-secondary education/postgraduate 
education

773 (28.1%) 2843 (28.5%) 3616 (28.4%)

Household disposable income 
category

Low 409 (14.8%) 2116 (21.1%) 2525 (19.7%)

Medium 883 (31.9%) 3173 (31.6%) 4056 (31.7%)

High 1475 (53.3%) 4748 (47.3%) 6223 (48.6%)

Married or living with a partner Co-habiting 1490 (53.8%) 6102 (60.8%) 7592 (59.3%)

No partner/divorced/widow/widower 1277 (46.2%) 3935 (39.2%) 5212 (40.7%)

Smoking status Current smoker 778 (28.7%) 2138 (21.8%) 2916 (23.3%)

Former smoker 892 (32.9%) 3688 (37.5%) 4580 (36.5%)

Never smoked 1043 (38.4%) 3998 (40.7%) 5041 (40.2%)

BMI, kg/m² n 2689 9748 12 437

Mean (SD) 27.7 (5.4) 27.9 (4.2) 27.9 (4.5)

Systolic blood pressure, mm Hg n 2769 10 044 12 813

Mean (SD) 153.0 (28.3) 151.2 (26.1) 151.6 (26.6)

Diastolic blood pressure, mm Hg n 2706 9756 12 462

Mean (SD) 87.2 (15.9) 89.9 (15.6) 89.3 (15.7)

LDL-cholesterol, mmol/L n 2540 9265 11 805

Mean (SD) 3.2 (1.2) 3.1 (1.1) 3.1 (1.1)

Creatinine, µmol/L n 2761 10 041 12 802

Mean (SD) 68.1 (31.3) 85.6 (34.4) 81.8 (34.5)

PCI or CABG before index 
hospitalisation

Yes 252 (9.1%) 1534 (15.2%) 1786 (13.9%)

Hypertension Yes 571 (20.6%) 2022 (20.1%) 2593 (20.2%)

Previous stroke Yes 102 (3.7%) 345 (3.4%) 447 (3.5%)

Diabetes mellitus Yes 481 (17.4%) 1915 (19.0%) 2396 (18.7%)

Betablocker at discharge Yes 2335 (84.4%) 8239 (81.9%) 10 574 (82.4%)

Statins at discharge Yes 2678 (96.7%) 9881 (98.2%) 12 559 (97.9%)

ACEi/ARB at discharge Yes 2320 (83.8%) 8618 (85.7%) 10 938 (85.3%)

Continued
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to exercise capacity alone. Exercise capacity at EBCR 
entry corresponded to a mean of 64.7± 27.4% in men 
and 68.4± 18.9% in women of the reference population. 
Muscular endurance, assessed using the heel-rise test, 
was benchmarked against external reference data, and 
performance was consistently below expected levels.

These exercise capacity results align with prior work 
by Ades et al,10 who reported peak oxygen uptake (VO2) 
values averaging about 60% of age-matched norms, 
despite differences in test modality (treadmill vs cycle 
ergometer) and outcome measures (peak VO2 vs peak 
work rate). Ades et al10 benchmarked CRF against age-
predicted values from Fleg et al,9 although the cohorts 
differed in age and body composition, the magnitude of 
deficit was comparable. Consistently, Waghmare et al29 
reported mean peak VO₂ ≈72% of healthy controls values 
in patients with suspected coronary artery disease (CAD). 
While these measures are not directly comparable, 
similar relative deficits across studies suggest that routine 
symptom-limited cycle ergometer peak work rate reflects 
clinically meaningful limitation of exercise capacity entry 
to EBCR after MI. Thus, previous studies have shown that 
exercise capacity is often reduced at entry to EBCR. Our 
study adds to this evidence by quantifying the magnitude 
of this reduction in relation to clinical reference values. 
Recent data also support the clinical relevance of early 
EBCR after MI. A 2025 intervention study showed that 
starting a 5-week CR programme a mean of 17 days after 
MI was associated with improved exercise tolerance.30 

In this context, the marked deficits observed at entry 
to EBCR in our cohort underscore the importance of 
early baseline assessment to identify patients with greater 
limitations and guide individualised EBCR.

A similar pattern is seen for muscular performance. 
However, it is important to distinguish between different 
components of muscular fitness, such as strength, endur-
ance and power. Few studies have compared lower-limb 
strength or endurance in patients with cardiac disease 
versus healthy controls outside chronic heart failure 
populations, but available data indicate meaningful defi-
cits. Ghroubi et al31 reported reduced quadriceps (−28%) 
and hamstring (−22%) strength in patients with CAD 
versus age-matched controls, whereas Gayda et al32 found 
no difference in maximal quadriceps strength, discrep-
ancies likely reflecting small samples and methodological 
heterogeneity. In contrast, a more robust study by Baum 
et al33 showed significantly lower leg strength in patients 
with CAD, with age-dependent and sex-dependent 
differences and reductions up to 35%–40% in younger 
groups. In the present study, the heel-rise test was used 
as a measure of lower-limb muscular endurance rather 
than maximal strength or muscle power. Although these 
components are not interchangeable, the available liter-
ature and our findings both support the presence of 
impaired lower-limb muscular performance in patients 
with CAD.

According to national interpretation thresholds, mean 
exercise capacity in the cohort was classified as moderately 

Statistics Women n=2769 Men n=10 062 Total n=12 831

LVEF Normal (≥50%) 1905 (73.4%) 6479 (69.1%) 8384 (70.1%)

Slightly reduced (40–49%) 490 (18.9%) 1974 (21.1%) 2464 (20.6%)

Moderately reduced (30–39%) 170 (6.5%) 759 (8.1%) 929 (7.8%)

Severely reduced (<30%) 31 (1.2%) 160 (1.7%) 191 (1.6%)

Type of MI NSTEMI 1667 (60.2%) 5717 (56.8%) 7384 (57.5%)

STEMI 1102 (39.8%) 4345 (43.2%) 5447 (42.5%)

Distance to CR centre, km n 2769 10 062 12 831

Mean (SD) 16.6 (8.5) 16.7 (8.3) 16.7 (8.3)

Peak RPE (Borg) 15 859 (31.0%) 2171 (21.6%) 3030 (23.6%)

16 363 (13.1%) 1850 (18.4%) 2213 (17.2%)

17 1462 (52.8%) 5592 (55.6%) 7054 (55.0%)

18 51 (1.8%) 359 (3.6%) 410 (3.2%)

19 31 (1.1%) 82 (0.8%) 113 (0.9%)

20 3 (0.1%) 8 (0.1%) 11 (0.1%)

Time between discharge and first 
physiotherapy visit, days

n 2761 10 029 12 790

Mean (SD) 46.20 (38.1) 45.17 (38.2) 45.39 (38.2)

Median (IQR) 35.0 (22.0–57.0) 34.0 (21.0–56.0) 35.0 (21.0–56.0)

ACEi/ARB, angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker; BMI, body mass index; CABG, coronary artery bypass 
grafting; CR, cardiac rehabilitation; LDL, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; 
NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.

Table 1  Continued
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reduced (50–69.9% of predicted).34 Although classi-
fied as moderately reduced on average, it should not be 
interpreted as clinically trivial, since the wide dispersion 
of values indicates that many patients enter EBCR with 
substantially lower exercise capacity. Prognostic studies in 
CR populations show a clear graded relationship between 
aerobic capacity and long-term outcomes, where higher 
measured peak VO₂ is associated with markedly lower 
cardiac mortality and even small differences are clinically 
meaningful.14 35 Although exercise capacity was expressed 
as per cent of predicted Wmax from routine cycle ergom-
etry rather than gas exchange-derived peak VO₂, prior 
work suggests that cycle-based performance measures 

can still reflect clinically meaningful limitation, although 
the exact percentage of predicted values may differ some-
what across settings due to differences in testing proto-
cols and how peak performance is calculated. Finally, 
expected improvements in physical fitness during CR are 
commonly in the range of 5–10%,36 supporting the value 
of systematic baseline testing to set realistic goals and 
make progress visible over time, particularly for those 
starting at the lowest levels.

The observed deficits at EBCR entry likely reflect a 
combination of pre-existing low fitness, a recognised 
CVD risk factor and additional short term limitations in 

Figure 2  Mean maximal work rate (Wmax) with 95% confidence intervals by age strata and sex. Wmax, maximal Watts.

Table 2  Heel-rise (men)

Age categories (years)

Parameter Statistics 20–29 P value 30–39 P value 40–49 P value 50–59 P value 60–69 P value 70–79 P value

Heel-rise test n 12 104 718 2141 3484 2245

Mean (SD) 21.6 (8.1) 17.7 
(8.5)

17.7 
(8.4)

17.1 (8.9) 15.2 
(9.5)

12.9 
(9.6)

Heel-rise 
reference

n 12 104 718 2141 3484 2245

Mean 37.4 32.8 28.3 23.7 19.1 14.5

Heel-rise test 
− heel-rise 
reference

n 12 104 718 2141 3484 2245

Mean (SD) −15.9 
(8.1)

<0.0001 −15.1 
(8.5)

<0.0001 −10.6 
(8.4)

<0.0001 −6.7 
(8.9)

<0.0001 −3.9 
(9.5)

<0.0001 −1.6 
(9.6)

<0.0001

The p value reflects the test of whether the difference between the performed and reference heel rises was statistically significant.
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the early post MI period such as fatigue, fear of exertion 
and depressive symptoms.37–39

While cardiopulmonary exercise testing (CPET) is the 
gold standard, symptom-limited cycle ergometry and 
simple tests for muscular endurance provide clinically 
useful information in routine care.19

Strengths and limitations
This is a nationwide, registry-based, real-world study, 
spanning all Swedish regions with high coverage, 
enabling precise estimates and reliable age-stratified 
and sex-stratified analyses and enhancing its generalisa-
bility. However, several limitations should be considered. 
First, the observational design limits the interpretation 
to descriptive comparisons. Second, the study popu-
lation was restricted to patients who attended EBCR 
and completed baseline physiotherapy testing. As non-
attendance after MI is associated with older age, higher 
risk burden and socioeconomic factors,40 our estimates 
may underestimate deficits in the broader post-MI popu-
lation. Third, reasons for non-attendance at the phys-
iotherapy visit were largely unavailable in the registry, 

limiting further assessment of potential selection mech-
anisms.

In addition, some patients with spontaneous coronary 
artery dissection might have been included, especially 
among younger women, potentially lowering perfor-
mance at entry. Differences in the time from discharge 
to the first physiotherapy visit may also have influenced 
baseline performance. Both factors could have biased 
levels in either direction. Socio-demographic patterns 
among attenders (eg, higher education/income) also 
warrant caution when extrapolating to disadvantaged 
groups.

Additional limitations relate to the comparison with the 
exercise capacity reference values. Although the refer-
ence material was based on a standardised Swedish ramp-
cycle protocol, improving alignment with our testing, the 
reference cohort was not a random population-based 
sample of healthy individuals but a clinically referred 
population with normal test outcomes. Comparability 
may also have been affected by differences between 
cohorts in medication use and exertion or termination 

Table 3  Heel-rise (women)

Age categories (years)

Parameter Statistics 20–29 P value 30–39 P value 40–49 P value 50–59 P value 60–69 P value 70–79 P value

Heel-rise test n 4 24 156 543 1069 823

Mean (SD) 12.8 
(4.1)

12.0 
(6.0)

16.1 
(8.4)

14.0 (8.2) 12.0 
(8.1)

9.7 (8.1)

Heel-rise 
reference

n 4 24 156 543 1069 823

Mean 30.1 27.4 24.6 21.9 19.2 16.4

Heel-rise test 
− heel-rise 
reference

n 4 24 156 543 1069 823

Mean (SD) −17.4 
(4.1)

0.004 −15.4 
(6.0)

<0.0001 −8.5 
(8.4)

<0.0001 −8.0 
(8.2)

<0.0001 −7.2 
(8.1)

<0.0001 −6.7 
(8.1)

<0.0001

The p value reflects the test of whether the difference between the performed and reference heel rises was statistically significant.

Figure 3  (A) Comparison of computed Wmax and predicted Wmax in men. (B) Comparison of computed Wmax and predicted 
Wmax in women.
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criteria. In particular, cardioactive medication, such as 
β-blockers, may influence absolute exercise capacity 
values, although prior data suggest that this effect may 
vary by setting and protocol.41 42

Furthermore, the comparison required recalculation 
across test protocols. Although this was done to improve 
comparability, its validity in symptom-limited testing and 
in post-MI populations has not been fully established and 
may have affected the absolute values of computed Wmax. 
However, the recalculated values were as expected consis-
tently higher than the originally measured values across 
age groups, with no obvious age-dependent systematic 
deviation (online supplemental S3a and b).

Finally, although SWEDEHEART-CR has shown high 
overall completeness and accuracy in published nation-
wide audits, the physiotherapy variables used in this study 
were not specifically included in that validation, and 
some degree of misclassification or measurement error 
cannot therefore be excluded.

Clinical implications
The findings of this study support clinical practice by 
providing a benchmark of physical fitness at entry to 
EBCR after MI and by highlighting substantial deficits 
and wide variation in both exercise capacity and muscular 
endurance. Routine symptom-limited cycle ergometry 
test and the heel-rise test can help clinicians tailor exer-
cise prescription and identify patients with greater limita-
tions who may need closer support. While (CPET) is the 
gold standard, these routine assessments are feasible and 
provide clinically useful information when gas exchange 
measurements are not available.25 Expressing results rela-
tive to clinical reference values can also make findings 

easier to explain to patients and make progress easier to 
follow, which may support patient engagement and moti-
vation.

CONCLUSION
At EBCR entry after first-time MI, both exercise capacity 
and muscular endurance are markedly reduced rela-
tive to reference expectations across age and sex. These 
findings support comprehensive baseline assessment 
and tailored EBCR that target both aerobic capacity and 
muscular endurance, using feasible tests suitable for 
everyday practice.

Author affiliations
1Department of Molecular and Clinical Medicine, Institute of Medicine, Sahlgrenska 
Academy, University of Gothenburg, Gothenburg, Sweden
2Physiotherapy Department, Region Västernorrland, Sundsvall, Sweden
3Department of Health, Medicine, and Caring Sciences, Linköping University, 
Linköping, Sweden
4Clinical Department of Clinical Physiology, Region Östergötland, Linköping, 
Sweden
5Uppsala Clinical Research Center, Uppsala University, Uppsala, Sweden
6Department of Medical Sciences, Cardiology, Uppsala University, Uppsala, Sweden
7Department of Clinical Sciences, Danderyd hospital, Karolinska Institute, 
Stockholm, Sweden
8Department of Cardiology, Skåne University Hospital, Malmö, Sweden
9Faculty of Medicine, Lund University, Malmö, Sweden
10Department of Cardiology, Sahlgrenska University Hospital, Gothenburg, Sweden
11Department of Community Health and Rehabilitation, Umeå University, Umeå, 
Sweden
12Department of Health Sciences, University West, Trollhättan, Sweden
13Department of Research and Development, Region Västra Götaland, NU-Hospital 
Group, Trollhättan, Sweden
14Department of Orthopedics, Institute of Clinical Science, Sahlgrenska Academy, 
University of Gothenburg, Gothenburg, Sweden

Figure 4  Cumulative distribution of % predicted Wmax by sex. Wmax, maximal Watts.

O
pen H

eart: first published as 10.1136/openhrt-2026-004046 on 21 M
ay 2026. D

ow
nloaded from

 https://openheart.bm
j.com

 on 25 M
ay 2026 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://dx.doi.org/10.1136/openhrt-2026-004046


Open Heart

12 Hedin K, et al. Open Heart 2026;13:e004046. doi:10.1136/openhrt-2026-004046

15Department of Women's and Children’s Health, Physiotherapy, Uppsala University, 
Uppsala, Sweden
16Department of Occupational Therapy and Physiotherapy, Sahlgrenska University 
Hospital, Gothenburg, Västra Götaland County, Sweden

Acknowledgements  The authors want to acknowledge all data collectors and 
patients contributing data to SWEDEHEART. Parts of this work were presented as a 
poster in Swedish at the Swedish Cardiovascular Spring Meeting (Kardiovaskulära 
Vårmötet), Stockholm, 2026.

Contributors  KH and MB designed the study. KH coordinated the work and wrote 
the first draft of the manuscript. NH contributed to the statistical analyses. All 
authors contributed to the interpretation of the results, revised the manuscript 
critically for important intellectual content and approved the final version. 
Guarantor: MB. Beyond standard reference searches and manual text refinement, 
the AI tool ResearchRabbit was used to identify potentially relevant literature 
through network-based exploration. ChatGPT and Microsoft Copilot were used to 
support language editing, specifically translation and English phrasing, because 
English is not the authors’ first language. All AI-assisted outputs were reviewed, 
edited and verified by the authors, who take full responsibility for the final content.

Funding  Bäck is currently receiving scientific grants from the Swedish Research 
Council (2018-02794); the Swedish Research Council for Health, Working Life and 
Welfare (2019-00422); the Family Kamprad Foundation (20190122); the Swedish 
Heart and Lung Foundation (20200930, 20220305); and the Swedish state under 
the agreement between the Swedish government and the county council, the ALF 
agreement (ALFGBG-1005826). Hedin is currently receiving scientific grants from 
Region Västernorrland (LVNFOU1011367) and grants from the Swedish Heart and 
Lung Association (Riksförbundet HjärtLung), Sundsvall.

Competing interests  RF has received lecture fees or research grants or fees from 
participating in AD boards from Amarin, Amgen, Astra Zeneca, Bayer, Boehringer 
Ingelheim, BMS, Janssen, Lilly, Novartis, NovoNordisk, Orion Pharma, Sanofi and 
Pfizer during 2020–2025. Hedin has received lecture fees from Sanofi. Hagström 
has received institutional research grants from Pfizer, NovoNordisk and Amgen; 
consulting fees from Amarin, Amgen, AstraZeneca, Bayer, Novartis, NovoNordisk, 
Sanofi and Pfizer during 2020–2025. Leosdottir reports institutional grants and 
honouraria from Amarin, Amgen, AstraZeneca, Bonnier Health Care, NovoNordisk, 
PeerVieew and Sanofi. Bäck has received institutional fees from Amgen, Amarin, 
AstraZeneca, Sanofi and Bayer. All conflicts of interest for all authors are disclosed 
outside the submitted work. The remaining authors declare no conflicts of interest.

Patient consent for publication  Not applicable.

Ethics approval  The Regional Ethics Committee in Uppsala approved the study, 
which was carried out in accordance with the Helsinki Declaration (approval 
numbers 2012/60-31 and 2021–00019). Information regarding participation in the 
registry and follow-up was provided to all patients.15

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. 
SWEDEHEART does not allow individual data sharing to a third party. Access to 
aggregated data might be granted after review by the SWEDEHEART steering 
committee.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Kajsa Hedin https://orcid.org/0009-0000-6456-7231
Anna Carlén https://orcid.org/0000-0001-9196-7820

Margret Leosdottir https://orcid.org/0000-0003-1677-1566
Camilla Sandberg https://orcid.org/0000-0002-4043-7130

REFERENCES
	 1	 Mohsen N, Hmwe Hmwe K, Bhoomadevi A, et al. Global burden 

of 292 causes of death in 204 countries and territories and 660 
subnational locations, 1990-2023: a systematic analysis for the 
Global Burden of Disease Study 2023. Lancet 2025;406:1811–72.

	 2	 Butler J, Hammonds K, Talha KM, et al. Incident heart failure and 
recurrent coronary events following acute myocardial infarction. Eur 
Heart J 2025;46:1540–50. 

	 3	 Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on 
cardiovascular disease prevention in clinical practice. Eur Heart J 
2021;42:3227–337. 

	 4	 Brown TM, Pack QR, Aberegg E, et al. Core Components of Cardiac 
Rehabilitation Programs: 2024 Update: A Scientific Statement From 
the American Heart Association and the American Association 
of Cardiovascular and Pulmonary Rehabilitation. Circulation 
2024;150:e328–47. 

	 5	 Dibben GO, Faulkner J, Oldridge N, et al. Exercise-based cardiac 
rehabilitation for coronary heart disease: a meta-analysis. Eur Heart 
J 2023;44:452–69. 

	 6	 Ambrosetti M, Abreu A, Corrà U, et al. Secondary prevention through 
comprehensive cardiovascular rehabilitation: From knowledge to 
implementation. Eur J Prev Cardiol 2020;28:460–95. 

	 7	 Kokkinos P, Faselis C, Samuel IBH, et al. Cardiorespiratory Fitness 
and Mortality Risk Across the Spectra of Age, Race, and Sex. J Am 
Coll Cardiol 2022;80:598–609. 

	 8	 Westerståhl M, Jörnåker G, Jansson E, et al. Rise and Fall of 
Physical Capacity in a General Population: A 47-Year Longitudinal 
Study. J Cachexia Sarcopenia Muscle 2025;16:e70134. 

	 9	 Fleg JL, Morrell CH, Bos AG, et al. Accelerated longitudinal 
decline of aerobic capacity in healthy older adults. Circulation 
2005;112:674–82. 

	10	 Ades PA, Savage PD, Brawner CA, et al. Aerobic capacity in patients 
entering cardiac rehabilitation. Circulation 2006;113:2706–12. 

	11	 Du M, Ye X, Li D, et al. Development of a prediction model for 
exercise tolerance decline in the exercise assessment of patients 
with acute myocardial infarction undergoing percutaneous coronary 
intervention revascularization in the acute phase. J Thorac Dis 
2023;15:4486–96. 

	12	 Carbone S, Kirkman DL, Garten RS, et al. Muscular Strength 
and Cardiovascular Disease: AN UPDATED STATE-OF-THE-ART 
NARRATIVE REVIEW. J Cardiopulm Rehabil Prev 2020;40:302–9. 

	13	 Kokkinos P, Faselis C, Samuel IBH, et al. Changes in 
Cardiorespiratory Fitness and Survival in Patients With or Without 
Cardiovascular Disease. J Am Coll Cardiol 2023;81:1137–47. 

	14	 Kavanagh T, Mertens DJ, Hamm LF, et al. Prediction of long-
term prognosis in 12 169 men referred for cardiac rehabilitation. 
Circulation 2002;106:666–71. 

	15	 Jernberg T, Attebring MF, Hambraeus K, et al. The Swedish Web-
system for enhancement and development of evidence-based care 
in heart disease evaluated according to recommended therapies 
(SWEDEHEART). Heart 2010;96:1617–21. 

	16	 Bäck M, Leosdottir M, Hagström E, et al. The SWEDEHEART 
secondary prevention and cardiac rehabilitation registry 
(SWEDEHEART CR registry). Eur Heart J Qual Care Clin Outcomes 
2021;7:431–7. 

	17	 Alfredsson J, Hagström E, Bäck M, et al. SWEDEHEART annual 
report 2024. 2024.

	18	 Leosdottir M, Dahlbom L, Bäck M, et al. Data quality assessment 
in the SWEDEHEART registry: Insights from serial audits on 
completeness and accuracy. Am Heart J 2025;288:149–58. 

	19	 Brudin L, Jorfeldt L, Pahlm O. Comparison of two commonly used 
reference materials for exercise bicycle tests with a Swedish clinical 
database of patients with normal outcome. Clin Physiol Funct 
Imaging 2014;34:297–307. 

	20	 Hébert-Losier K, Wessman C, Alricsson M, et al. Updated reliability 
and normative values for the standing heel-rise test in healthy adults. 
Physiotherapy 2017;103:446–52. 

	21	 Exercise tests in relation to cardiovascular function. Report of a 
WHO meeting. World Health Organ Tech Rep Ser 1968;388:1–30.

	22	 Michelsen S. Reproducibility of cumulative work, heart rate and 
blood pressure response during stepwise versus continuous load 
increment during a maximal bicycle ergometer test. Scand J Clin Lab 
Invest 1990;50:409–15. 

	23	 Borg G. Perceived exertion as an indicator of somatic stress. JRM 
1970;2:92–8. 

O
pen H

eart: first published as 10.1136/openhrt-2026-004046 on 21 M
ay 2026. D

ow
nloaded from

 https://openheart.bm
j.com

 on 25 M
ay 2026 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0009-0000-6456-7231
https://orcid.org/0000-0001-9196-7820
https://orcid.org/0000-0003-1677-1566
https://orcid.org/0000-0002-4043-7130
http://dx.doi.org/10.1093/eurheartj/ehae885
http://dx.doi.org/10.1093/eurheartj/ehae885
http://dx.doi.org/10.1093/eurheartj/ehab484
http://dx.doi.org/10.1161/CIR.0000000000001289
http://dx.doi.org/10.1093/eurheartj/ehac747
http://dx.doi.org/10.1093/eurheartj/ehac747
http://dx.doi.org/10.1177/2047487320913379
http://dx.doi.org/10.1016/j.jacc.2022.05.031
http://dx.doi.org/10.1016/j.jacc.2022.05.031
http://dx.doi.org/10.1002/jcsm.70134
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.545459
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.606624
http://dx.doi.org/10.21037/jtd-23-554
http://dx.doi.org/10.1097/HCR.0000000000000525
http://dx.doi.org/10.1016/j.jacc.2023.01.027
http://dx.doi.org/10.1161/01.cir.0000024413.15949.ed
http://dx.doi.org/10.1136/hrt.2010.198804
http://dx.doi.org/10.1093/ehjqcco/qcab039
http://dx.doi.org/10.1016/j.ahj.2025.04.028
http://dx.doi.org/10.1111/cpf.12097
http://dx.doi.org/10.1111/cpf.12097
http://dx.doi.org/10.1016/j.physio.2017.03.002
http://dx.doi.org/10.3109/00365519009091599
http://dx.doi.org/10.3109/00365519009091599
http://dx.doi.org/10.2340/1650197719702239298


13Hedin K, et al. Open Heart 2026;13:e004046. doi:10.1136/openhrt-2026-004046

Cardiac risk factors and prevention

	24	 Fletcher GF, Ades PA, Kligfield P, et al. Exercise standards for 
testing and training: a scientific statement from the American Heart 
Association. Circulation 2013;128:873–934. 

	25	 Hellmark M, Bäck M. Test-retest reliability and responsiveness to 
change of clinical tests of physical fitness in patients with acute 
coronary syndrome included in the SWEDEHEART register. Eur J 
Cardiovasc Nurs 2018;17:486–95. 

	26	 Tornvall G. Assessment of physical capabilities: acta physiol scand 
suppl. 1963.

	27	 Nordesjö LO. Estimation of the maximal work rate sustainable for 6 
minutes using a single-level load or stepwise increasing loads. Ups J 
Med Sci 1974;79:45–50. 

	28	 Wallin L, Brudin LH. Physical working capacity determined by 
different types of bicycle exercise tests. Clin Physiol 1988;8:529–37. 

	29	 Waghmare LS, Waghmare TL, Ambad R. A Study to Quantify the 
Exercise Stress in Terms of Oxygen Consumption and Anaerobic 
Threshold in Patients of Suspected Coronary Artery Disease 
during Conventional Treadmill Testing. J Pharm Bioallied Sci 
2025;17:S406–9. 

	30	 Grochulska A, Bryndal A, Glowinski S. The impact of early 
rehabilitation program on exercise tolerance in post-myocardial 
infarction patients: a 5-week intervention study. BMC Cardiovasc 
Disord 2025;25:542. 

	31	 Ghroubi S, Chaari M, Elleuch H, et al. The isokinetic assessment of 
peripheral muscle function in patients with coronary artery disease: 
correlations with cardiorespiratory capacity. Ann Readapt Med Phys 
2007;50:295–301. 

	32	 Gayda M, Merzouk A, Choquet D, et al. Assessment of skeletal 
muscle fatigue in men with coronary artery disease using surface 
electromyography during isometric contraction of quadriceps 
muscles. Arch Phys Med Rehabil 2005;86:210–5. 

	33	 Baum K, Hildebrandt U, Edel K, et al. Comparison of skeletal 
muscle strength between cardiac patients and age-matched healthy 
controls. Int J Med Sci 2009;6:184–91. 

	34	 Lindow T, Brudin L, Elmberg V, et al. Long-term follow-up of patients 
undergoing standardized bicycle exercise stress testing: new 
recommendations for grading of exercise capacity are clinically 
relevant. Clin Physiol Funct Imaging 2020;40:83–90. 

	35	 Kavanagh T, Mertens DJ, Hamm LF, et al. Peak oxygen intake and 
cardiac mortality in women referred for cardiac rehabilitation. J Am 
Coll Cardiol 2003;42:2139–43. 

	36	 Abreu A, Frederix I, Dendale P, et al. Standardization and quality 
improvement of secondary prevention through cardiovascular 
rehabilitation programmes in Europe: The avenue towards 
EAPC accreditation programme: A position statement of the 
Secondary Prevention and Rehabilitation Section of the European 
Association of Preventive Cardiology (EAPC). Eur J Prev Cardiol 
2021;28:496–509. 

	37	 Bäck M, Lundberg M, Cider Å, et al. Relevance of Kinesiophobia 
in Relation to Changes Over Time Among Patients After an 
Acute Coronary Artery Disease Event. J Cardiopulm Rehabil Prev 
2018;38:224–30. 

	38	 Dickens C, McGowan L, Percival C, et al. Negative illness 
perceptions are associated with new-onset depression following 
myocardial infarction. Gen Hosp Psychiatry 2008;30:414–20. 

	39	 Alsén P, Brink E, Persson L-O, et al. Illness perceptions after 
myocardial infarction: relations to fatigue, emotional distress, and 
health-related quality of life. J Cardiovasc Nurs 2010;25:E1–10. 

	40	 Ruano-Ravina A, Pena-Gil C, Abu-Assi E, et al. Participation and 
adherence to cardiac rehabilitation programs. A systematic review. 
Int J Cardiol 2016;223:436–43. 

	41	 Nielen JTH, de Vries F, van der Velde JHPM, et al. The Association 
Between β-Blocker Use and Cardiorespiratory Fitness: The 
Maastricht Study. J Cardiovasc Pharmacol Ther 2019;24:37–45. 

	42	 Cauwenberghs N, Sente J, Sabovčik F, et al. Cardiorespiratory 
fitness components in relation to clinical characteristics, disease 
state and medication intake: A patient registry study. Clin Physiol 
Funct Imaging 2023;43:441–52. 

O
pen H

eart: first published as 10.1136/openhrt-2026-004046 on 21 M
ay 2026. D

ow
nloaded from

 https://openheart.bm
j.com

 on 25 M
ay 2026 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://dx.doi.org/10.1161/CIR.0b013e31829b5b44
http://dx.doi.org/10.1177/1474515117743978
http://dx.doi.org/10.1177/1474515117743978
http://dx.doi.org/10.3109/03009737409178389
http://dx.doi.org/10.3109/03009737409178389
http://dx.doi.org/10.1111/j.1475-097x.1988.tb00218.x
http://dx.doi.org/10.4103/jpbs.jpbs_1810_24
http://dx.doi.org/10.1186/s12872-025-04988-y
http://dx.doi.org/10.1186/s12872-025-04988-y
http://dx.doi.org/10.1016/j.annrmp.2007.03.012
http://dx.doi.org/10.1016/j.apmr.2004.07.351
http://dx.doi.org/10.7150/ijms.6.184
http://dx.doi.org/10.1111/cpf.12606
http://dx.doi.org/10.1016/j.jacc.2003.07.028
http://dx.doi.org/10.1016/j.jacc.2003.07.028
http://dx.doi.org/10.1177/2047487320924912
http://dx.doi.org/10.1097/HCR.0000000000000265
http://dx.doi.org/10.1016/j.genhosppsych.2008.04.003
http://dx.doi.org/10.1097/JCN.0b013e3181c6dcfd
http://dx.doi.org/10.1016/j.ijcard.2016.08.120
http://dx.doi.org/10.1177/1074248418778551
http://dx.doi.org/10.1111/cpf.12842
http://dx.doi.org/10.1111/cpf.12842

	Physical fitness after myocardial infarction compared with clinical reference values: a SWEDEHEART registry study
	Abstract
	Introduction﻿﻿
	Methods
	Data sources
	Reference values

	Study population
	Procedures
	Outcome variables
	Conversions
	Statistical analysis
	Use of AI tools
	Patient and public involvement

	Results
	Demographics and patient characteristics
	Physical fitness within the study cohort
	Reference comparison

	Discussion
	Strengths and limitations
	Clinical implications

	Conclusion
	References


