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LIST OF STUDIES

As for many other studies initiated before/during the corona crisis, study III and IV were
substantially delayed due to various corona related reasons. Consequently, data collection and
study initiation were delayed making for final collection of data a few weeks prior to the
deadline of this thesis causing the manuscripts (particularly study IV) to not be at their final

stage.
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ABSTRACT (ENGLISH)

The capacity to modulate cardiac output to meet an increased metabolic rate or respond to
changes in vascular pressures is crucial for optimal exercise performance as well as to adapting
to environmental or pathological stress. While heart rate alterations contribute to the adjustment
of cardiac output, the adaptations in maximal cardiac output primarily occur through functional
and morphological adaptations that impact stroke volume. Our research aimed to elucidate the
functional changes that occur with short- and long-term training interventions as well as the
effects on cardiac function with acute exercise and exercise training. The studies in this thesis
include various ‘healthy’ subjects ranging from sedentary individuals with a peak oxygen uptake
of 18 ml/kg/min to elite athletes with 78 ml/kg/min. In postmenopausal women, we found that
cardiac mass and function, when matched for lean body mass, were not different between
sedentary individuals and well-trained subjects. In addition, classical markers associated with
improved cardiac function showed some association with fitness, but not at group levels.
However, a clear discrepancy was evident in the estimated stroke volume needed for the
measured maximal oxygen uptake (VOomax), suggesting that resting cardiac function were
inadequate at revealing the functional capacity of the trained hearts. This indicates a more
complex interplay between physical fitness and cardiac dimensions than previously recognized,
underscoring the importance of selecting appropriate metrics for assessing cardiac adaptations.
This novel finding underpins the pitfalls of echocardiographic assessment of cardiac function in
otherwise healthy individuals. This assessment may be improved by assessing cardiac function
during acute stress which challenges cardiac function. A strong association between functional
markers and heart rate were found and revealed that the morphological adaptations of the
athletes’ hearts are not reflected when stressed in relation to relative workloads (i.e. normalized
to heart rate) but instead are reflected with absolute workloads (i.e. normalized to absolute power

output watt). Additionally, filling rate emerged as a valuable tool for distinguishing between
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trained and untrained individuals. Lastly, the studies revealed that training interventions, both in
untrained and highly trained subjects, can yield alterations with just a few weeks of exercise
training. In untrained subjects, improvements in cardiac function were predominantly evident
during stress at absolute load (75w) intensities, with limited effects observed when assessed by
relative workloads (i.e., heart rate 140 BPM). In conclusion, this thesis reveals that even a brief
period of exercise training can enhance cardiac function in both sedentary and highly trained
individuals. Importantly, the findings highlight that current indexing practices result in skewed
comparisons due to limited insights from the assessment of resting cardiac function.
Furthermore, exercise stress testing emerges as valuable in enhancing functional assessment,

especially when evaluating differences between groups.

RESUME (DANSK)

Evnen til at regulere hjertets minutvolumen for at imedekomme @ndringer 1 stofskifte eller
reagere pa @ndringer i vaskulere tryk er afgerende for optimal fysisk prastation under trening
samt tilpasning til miljemessige eller patologiske stressfaktorer. Mens @ndringer 1 puls
frekvensen bidrager til justeringen af minutvolumen, sker forbedringer af maksimal
minutvolumen primart gennem funktionelle og morfologiske tilpasninger, der pavirker
slagvolumen. Vores forskning sigtede mod at belyse de funktionelle @ndringer, der opstar med
kortvarige og langvarige treeningsinterventioner samt effekterne pa hjertefunktionen ved akut
treeningsstress og vedvarende traning. Studierne i denne athandling omfatter forskellige ’sunde’
individer, for hvem deres fysiske aktivitetsniveau spander fra utrenede individer med en
maksimal iltoptagelse pd 18 ml/kg/min til eliteatleter med iltoptagelse op til 78 ml/kg/min. Hos
kvinder der har passeret overgangsalderen, fandt vi, at hjertemuskelmasse og funktion, nar der
blev matchet for fedtfri kropsmasse, ikke var signifikant forskellige mellem utrenede og

veltrenede. Derudover viste klassiske markerer forbundet med forbedret hjertefunktion en vis
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sammenhang med kondition, men ikke pé gruppeniveau. Imidlertid var der en tydelig diskrepans
i det ansldede slagvolumen, der var nedvendigt for det malte maksimale iltforbrug (VO2max),
hvilket antyder, at hvilende hjertefunktion ikke var tilstraekkelig til at belyse de treenede hjerters
funktionelle kapacitet. Dette indikerer et mere komplekst samspil mellem fysisk kondition og
hjertedimensioner end tidligere beskrevet, hvilket understreger vigtigheden af at valge passende
malemetoder til vurdering af hjertetilpasninger. Dette nye fund understreger faldgruberne ved
ekkokardiografisk vurdering af hjertefunktion hos ellers sunde individer. Denne vurdering kan
forbedres ved at vurdere hjertefunktionen under akut stress, som udfordrer hjertefunktionen. En
steerk sammenhang mellem funktionelle markerer og hjertefrekvens blev fundet og afdekkede,
at de funktionelle tilpasninger af atleters hjerter ikke afspejles, nar de stresses i forhold til
relative arbejdsbelastninger (dvs. normaliseret til hjertefrekvens), men i stedet afspejles med
absolutte arbejdsbelastninger (dvs. normaliseret til absolut arbejdsbelastning 1 watt). Desuden
fremkom fyldningshastigheden som et vardifuldt verktej til at skelne mellem treenede og
utrenede individer. Endelig afslorede studierne, at treningsinterventioner, bade i utrenede og
hejt treenede individer, kan medfere @ndringer med bare fa ugers motionstrening. Hos utrenede
emner var forbedringer 1 hjertefunktionen overvejende tydelige under stress ved absolut
belastning (75w) intensiteter, med begraensede effekter, nir wvurderet ved relative
arbejdsbelastninger (dvs. hjertefrekvens 140 slag/min). Sammenfattende understreger denne
athandling, at selv en kort periode med motionstrening kan forbedre hjertefunktionen hos béde
stillesiddende og veltrenede individer. Fundene fremhaver, at nuvarende indekseringspraksisser
1 kardiologi resulterer i forfejlede sammenligninger pa grund af begraensede indsigter fra
vurderingen af hvilende hjertefunktion og kropssammensatning. Desuden fremstér ’stress-test’

som verdifuld 1 at forbedre funktionel vurdering, iser nir man evaluerer forskelle mellem

grupper.
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