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9th Human Physiology Workshop Abstract 
 
A computer-vision model for measuring fat fraction changes in space research 
 
Vienna Tran1, Evert O. Wesselink2, Julie Hides3, James M. Elliott4, Mark Hoggarth5, Kenneth A. Weber II6, 
Sauro E. Salomoni7, Kirsty Lindsay8, Luke Hughes8, Tobias Weber8,9,10, Jonathan Scott9,10, Paul W. Hodges6, 
Nick Caplan8, Enrico De Martino11 

 
1Adelaide Medical School, The University of Adelaide, Adelaide, SA, Australia, 

2 Faculty of Behavioural and Movement Sciences, Amsterdam Movement Sciences –Program Musculoskeletal Health, Vrije Universiteit 
Amsterdam, Amsterdam, Netherlands 
3School of Health Sciences and Social Work, Griffith University, Nathan Campus, Brisbane, Australia 
4Northern Sydney Local Health District & The University of Sydney, Faculty of Medicine and Health, The Kolling Institute Sydney, Sydney, 
Australia  

5. Department of Physical Therapy, North Central College, Naperville, IL, USA 

6 Division of Pain Medicine, Department of Anesthesiology, Perioperative and Pain Medicine, Stanford University, Palo Alto, California, USA  
7 NHMRC Centre for Clinical Research Excellence in Spinal Pain, Injury and Health, School of 
Health and Rehabilitation Sciences, The University of Queensland, Brisbane, Queensland, Australia; 
8 Aerospace Medicine and Rehabilitation Laboratory, Faculty of Health and Life Sciences, Northumbria University, Newcastle upon Tyne, 
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9 Space Medicine Team, European Astronaut Centre, Cologne, Germany 

10 KBR GmbH, Cologne, Germany 

11 Center for Neuroplasticity and Pain (CNAP), Department of Health Science and Technology, Faculty of Medicine, Aalborg University, 
Aalborg, Denmark 
 
Introduction: 
Prolonged axial unloading during space missions induces significant adaptations in the paraspinal 
muscles, including an increase in fat fraction (FF). This accumulation of FF in lumbopelvic muscles has 
been observed after both spaceflights and head-down tilt (HDT) bed rest. While magnetic resonance 
imaging (MRI) is the gold standard for assessing FF, manual segmentation is time-consuming and limited 
to a few images per lumbar level. To address these limitations, we developed and evaluated the accuracy 
and reliability of a convolutional neural network (CNN)-based computer vision model for automated 
segmentation of lumbopelvic muscles. Using MRI data from the AGBRESA project, this model offers a 
scalable and efficient approach for future studies on muscle deconditioning in spaceflight and bed rest 
settings. 
 
Methods: 
Twenty-four healthy participants (16 males, 8 females) were recruited for the AGBRESA project. MRI of the 
lumbopelvic region was performed at baseline, after 59 days of head-down tilt bed rest, and after 13 days 
of reconditioning. A chemical shift-based two-point Dixon sequence was used to differentiate lipid and 
water signals, enabling FF quantification in the lumbar multifidus (LM), lumbar erector spinae (LES), 
quadratus lumborum (QL), psoas major (PM), gluteus maximus (GMax), gluteus medius (GMed), and 
gluteus minimus (GMin) muscles. Manual segmentation was performed by two operators who delineated 
each slice, while the CNN-based model automatically segmented the same muscles across all MRI slices. 
Accuracy and reliability were assessed using Pearson correlations, intraclass correlation coefficients 
(ICC), and the Bland-Altman method. 
 
Results: 
For the LM, LES, and GMed muscles, FF values were 1.4%, 1.6%, and 0.8% higher with manual 
segmentation compared to the computer-vision model, respectively. For the PM, QL, GMax, and GMin 
muscles, FF was 1.7%, 0.9%, 0.8%, and 1.4% lower with manual segmentation than with the computer-
vision model, respectively. The CNN model demonstrated high efficiency and accuracy, with strong 
positive correlations (r > 0.80, p < 0.001) between automatic and manual segmentations, particularly for 
LM (r = 0.954, ICC = 0.940) and LES (r = 0.911, ICC = 0.940).  
 
Conclusions: 
The CNN-based model rapidly segmented all lumbopelvic muscles within seconds, offering a reliable 
alternative to manual segmentation which requires many months. This approach holds significant promise 
for advancing research on muscle deconditioning in both spaceflight and clinical contexts by enabling 
efficient, comprehensive muscle health evaluations. 
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Cycling exercise followed by venoconstrictive thigh cuffs preserves cardi-
orespiratory fitness but not muscle strength after 30 days of bed rest (SANS 
CM study) 

Leonhardt Berger1, Edwin Mulder1, Jochen Zange1, Petra Frings-Meuthen1, Timo Frett1, Perikles Si-
mon2, Jan-Niklas Hoenemann1,3, Matthew J. Poczatek4, Steven S. Laurie5, Alex S. Huang6, Brandon 
Macias7, Jens Jordan1,8, Jens Tank1, Jörn Rittweger1, Marie-Therese Schmitz9, Dominik Pesta1,8,10 
 
1 German Aerospace Center – DLR, Institute of Aerospace Medicine, Cologne, Germany  
2 Department of Sports Medicine, Rehabilitation and Disease Prevention, University of Mainz, Mainz, 
Germany 
3 University of Cologne, Faculty of Medicine and University Hospital Cologne, Clinic III for Internal 
Medicine, Kerpener Str. 62, 50937 Cologne, Germany 
4 JES Tech, Houston, TX 
5 KBR, Houston, TX  
6 University of California, San Diego  
7 NASA, Johnson Space Center, Houston, TX      
8 Medical Faculty, University of Cologne, Cologne, Germany 
9 Institute of Medical Biometry, Informatics and Epidemiology, Medical Faculty, University of Bonn, Bonn, 
Germany 
10 Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), 
Cologne, Germany 
 
 
Introduction: 
During long-duration spaceflight, countermeasures are crucial to mitigate microgravity-induced cardio-
vascular and musculoskeletal deconditioning. In a bed rest study simulating microgravity, we evalu-
ated whether aerobic cycling combined with venoconstrictive thigh cuffs (VTC) could preserve cardi-
orespiratory fitness and muscle strength. 
 
Methods:  
24 male and female participants were randomly allocated to a countermeasure group (n=12, age 34 ± 
9 years, BMI 22.9 ± 2.9 kg/m2) or a control group (n=12, age 35 ± 8 years, BMI 23.3 ± 2.0 kg/m2). All 
participants underwent 30 days of strict -6° head-down tilt (HDT) bed rest. Six days per week, the coun-
termeasure group completed 60 minutes of submaximal cycling in a -6° HDT position, followed by 6 
hours of VTC. The control group underwent strict HDT bed rest without any countermeasure. Cardi-
orespiratory fitness and muscle strength were assessed before and after bed rest via cardiopulmonary 
exercise testing and isokinetic dynamometry, respectively. 
 
Results:  
Absolute peak oxygen uptake was maintained in the countermeasure group (-106 ± 148 ml/min) com-
pared to a 24% reduction in the control group (-607 ± 343 ml/min, p < 0.001). In addition, the applied 
countermeasure mitigated the decrease in plasma volume (countermeasure: -147 ± 95 ml vs. control: -
286 ± 153 ml, p = 0.014), peak estimated stroke volume (countermeasure: -6 ± 5 ml vs. control: -21 ± 
13 ml, p < 0.001) and cardiac output (countermeasure: -0.7 ± 0.9 l/min vs. control: -3.8 ± 2.1 l/min, p < 
0.001). Nevertheless, both groups experienced reductions in fat free mass and muscle strength in knee, 
ankle and trunk muscles after bed rest. 
 
Conclusions: 
The combination of submaximal aerobic cycling exercise and VTC maintains cardiorespiratory fitness 
during 30 days of HDT bed rest, likely due to preservation of peak stroke volume and cardiac output. 
However, the applied countermeasure did not prevent the loss of fat free mass and muscle strength. 
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µIMMUNE –Automated microfluidic 

immune monitoring for spaceflight with the PowerBlade 
 
Carl Vincent Schilling(1), Marina Cara Tuschen(1), Matthias Geissler(2), Dominique Moser(1), Teodor Veres(2), 
Alexander Choukér(1)* 
 
1 Laboratory of Translational Research ‘Stress and Immunity’, Department of Anesthesiology, LMU Hospital, Ludwig-

Maximilians-Universität in Munich, Germany 
2 Life Sciences Division, National Research Council of Canada in Boucherville, Canada 
 

 
Introduction: 

Navigating to the harsh environment of outer space requires meticulous planning to ensure mission success. 

Already an essential in low earth orbit aboard the International Space Station (ISS), in-flight health surveillance 

is expected to play an even more vital role for extra-orbital missions like the upcoming Artemis missions. 

Post-mission analyses of astronaut samples generated aboard the ISS indicate systemic changes to immune 

function, such as an impaired T-cell response. As of now, logistical limitations prevent an in-flight analysis crucial 

for long-haul flights. 

A promising attempt to allow for in-flight immune monitoring is the PowerBlade, developed by the National 

Research Council Canada (NRC). It can operate lab-on-a-chip devices utilizing centrifugal and pneumatic forces 

to process minute amounts of liquid samples, such as automated whole blood fractioning.  

 

Methods: 

In cooperation with the NRC and the Canadian Space Agency (CSA), the approach used in µIMMUNE combines 

the processing capabilities of the PowerBlade with a delayed-type hypersensitivity (DTH) assay based on 

previous experiments from our research group. Therein, the cytokine release after ex vivo stimulation of whole 

blood with mitogens and superantigens was used to evaluate immune functions. 

To allow simultaneous detection of up to eight cytokines, we are currently testing a spatially indexed micro array 

for an ELISA-based microfluidic unit, derived from NRC-developed micropillar scaffolds. This includes sensitivity 

testing reaching analyte concentrations of few pg/mL and ruling out interferences in specific analyte detection in 

the single-color readout. 

 

Results: 

Preliminary cytokine and flow cytometry data from our establishment experiments confirm comparable survival 

rates of leukocytes between samples incubated on multiple Zeonor® microfluidic units and in conventional 

polystyrene tubes without noticeable changes of naïve and effector T-cell populations and monocyte 

subpopulations. In contrast, the increase of activation marker expression after stimulation was slightly lower for 

all tested microfluidic volumes, which in turn correlated with a less-pronounced increase of cytokine levels. 

 

Conclusions: 

In summary, both previously run experiments by the NRC and our preliminary data showing a successful 

downsizing of the incubation setup make the development of an automated analysis platform a feasible 

approach for on-site monitoring of astronaut immune function. 
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Effects of hindlimb unloading and systemic inflammation on 

succinate dehydrogenase activity and mitochondrial density  

Emma J. Kraal1, Moritz Eggelbusch1,2,3, Koen A.E. Zwetsloot1, Braeden T. Charlton1, Wendy Noort1, 

Carla Offringa1, Richard T. Jaspers1, Rob C.I. Wüst1 

1 Laboratory for Myology, Department of Human Movement Sciences, Faculty of Behavioural and 

Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam Movement Sciences, the Netherlands. 
2 Department of Nutrition and Dietetics, Amsterdam UMC, Amsterdam Movement Sciences, the 

Netherlands. 
3 Faculty of Sports and Nutrition, Center of Expertise Urban Vitality, Amsterdam University of Applied 

Sciences, Amsterdam, the Netherlands. 

 

Introduction: Prolonged stays at the intensive care unit can exacerbate sarcopenia and associated 

weakness, as well as increasing susceptibility to high-grade systemic inflammation in patients. The 

combined effects of extended muscle disuse and systemic inflammation likely aggravate the 

detrimental impact of physical inactivity on skeletal muscle metabolism. As such, we investigated the 

potential interactive effects of physical inactivity and high-grade systemic inflammation on skeletal 

muscle mass, metabolism and mitochondrial density in mice. 

Methods: Groups of eight male C57BL/6N mice underwent hindlimb unloading for a short- (3 days) or 

long-term (7 days) period, or served as controls. For the simulation of systemic inflammation, 

additional mice (N=8 per group) were injected with 5 mg/kg LPS 24 hrs prior to sacrifice. We assessed 

body and hindlimb muscle mass and gastrocnemius medialis muscle sections were stained for 

succinate dehydrogenase (SDH) activity and fibre cross-sectional area, as markers for mitochondrial 

density and fiber size. Gene expression of key metabolic, mitochondrial and proteolytic markers such 

as peroxisome proliferator-activated receptor 𝛾 coactivator-1⍺ (PPARGC1A), mitochondrial 

transcription factor A (Tfam), muscle atrophy F-box (MAFbx) and muscle RING finger 1 (MuRF1) were 

assessed via qPCR. 

Results: Body and hindlimb muscle mass rapidly decreased after hindlimb unloading (-10±2% and -

8±2% after 3 and 7 days, respectively). LPS further reduced body mass during unloading(-11±2%, -

19±2% and -17±2% after 0, 3, 7 days, respectively). Fiber cross-sectional area was reduced after 

long-term unloading (p=0.024 after 7 days). A significant interaction effect between physical inactivity 

and LPS suggested a worsening of the SDH activity (p=0.001) after LPS, indicating that the addition of 

systemic inflammation to physical inactivity affected the mitochondria to a greater extent than fiber 

cross-sectional area alone. Gene expression levels of mitochondrial biogenesis genes and E3 ligases 

increased (p<0.009), with a synergistic effect of hindlimb unloading and LPS treatment (p<0.006), 

suggesting an unloading-induced sensitization of skeletal muscle to LPS and a metabolic stress 

response. 

Conclusion: Physical inactivity and high-grade systemic inflammation have additional and synergistic 

effects on skeletal muscle leading to muscle atrophy and reduced mitochondrial density. These results 

underscore the need to address both physical inactivity and inflammation when developing therapeutic 

interventions to challenge the threat of critical illness myopathy.  
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4D-Flow MRI in head-down tilt to investigate the manifold effects of impeded 
cranial venous outflow 

Mehul Nimpal1, Patrick Winter2, Susanne Schnell2, and Peter zu Eulenburg1,3 
 
1 Graduate School of Systemic Neurosciences, Ludwig-Maximilians-University Munich, Munich, 
Germany 
2 Department of Medical Physics, Institute of Physics, University of Greifswald, Greifswald, Germany 
3 Institute for Neuroradiology, University Hospital, Ludwig-Maximilians-University Munich, Munich, 
Germany 
 
 
Introduction: 
The primary aim of this study was to examine the impact of head-down tilt (HDT) on the human brain 
and cranial circulation using structural and functional (4D-flow) magnetic resonance imaging (MRI). 
The research focus was on cranial venous outflow, the perivascular spaces (PVS), and brain 
temperature (TBr). Our experiment was motivated by several unexpected cranial findings in astronauts 
over the past five years: a case of jugular vein thrombosis aboard the International Space Station, the 
observation of increased head temperature during long-duration missions and the expansion of 
perivascular spaces (Barisano et al., 2022, Marshall-Goebel et al., 2019, Stahn et al., 2017). The 
overarching question was to investigate the role of impaired cranial venous outflow as the main 
mechanism for each finding. 
 
Methods:  
Fourteen healthy adults (8 female, mean age = 25.8 ± 1.75 years) were subjected to two hours of HDT 
at –10°, alongside three supine control sessions in a 2x2 design using a dedicated research scanner 
with a 64-channel head & neck coil (Siemens Prisma, Erlangen, Germany). 3D CINE Phase Contrast 
(4D-flow) MRI was used to monitor blood flow changes in the internal jugular veins (IJV), and values 
for cross-sectional area (CSA), stroke volume, flowrate, and flow velocity were obtained using a 
custom analysis tool (Schnell et al., 2017, Vali et al., 2019). Alterations of PVS size, shape, and 
number were identified using structural T1 and T2-weighted scans and quantified with a MATLAB-
based pipeline developed by Valdés Hernández et al. (2023). Lastly, single-voxel MR spectroscopy 
sequences were acquired to estimate TBr in three cortical and one deep brain region using the jMRUI 
software suite (Naressi et al, 2001).  
 
Results:  
There were clear asymmetries in response to HDT between the left and right IJVs, with the left IJV 
consistently more disadvantaged than the right. We observed a marked expansion of IJV CSA coupled 
with a slightly smaller increase in total blood flow and significant decrease in flow velocity. Moreover, 
HDT resulted in a marked increase in the density and number of PVS in the white matter as well as 
the global mean TBr. Regional differences in TBr were additionally characterized, with temperatures in 
the thalamus significantly higher than cortical areas. Notably, there was a high variability in the 
individual response to the HDT session, including interactions with BMI, sex, and age. 
 
Conclusions: 
Our research suggests that even a short-term exposure to –10° HDT can replicate several early 
cerebrovascular effects of long-duration spaceflight, including a disruption of venous outflow from the 
head, enlargement of PVS, and brain temperature increases. The findings add to a growing body of 
literature urging the development for specialized countermeasures, such as lower body negative 
pressure (LBNP), to mitigate potential vascular risks associated with even longer space missions in 
the future. 

 

mailto:humanphysiologie-ws@dlr.de


9th Human Physiology Workshop 
Friday, 6th of December 2024 
(Deadline no later than 1st October 2024) 
Abstract to be send to humanphysiologie-ws@dlr.de 

 

 

Bed Rest-Induced Decline in Oxidative Metabolism: 
Microvascular/Endothelial Dysfunction, Preserved Mitochondrial Respiration 
(but Increased Mitochondrial H2O2 Emissions) in Young and Elderly 
 
Lucrezia Zuccarelli1, Giovanni Baldassarre1, Lorenza Brocca2, Mladen Gasparini3, Boštjan Šimunič4, 
Rado Pišot4, Maria Antonietta Pellegrino2, Roberto Bottinelli2, Marco Narici5, Bruno Grassi1  
 
1 University of Udine, Department of Medicine, Udine, Italy 
2 University of Pavia, Department of Molecular Medicine, Pavia, Italy 
3 Splošna Bolnišnica Izola, Izola, Slovenia 
4 Science and Research Centre, Institute of Kinesiology Research, Koper, Slovenia  
5 University of Padova, Department of Biomedical Sciences, Padova, Italy.  
 
Introduction: Exposure to simulated microgravity/inactivity (bed rest, BR) negatively affects oxidative 
metabolism during exercise. The aim of this study was to investigate some potential limitations in the 
oxygen transport cascade, from ambient air to skeletal muscle mitochondria, following BR of different 
durations in healthy subjects of different ages. 
 
Methods: Nineteen young (Y) (23±4 years [mean±SD]) and ten elderly (E) male participants (69±3 
years) underwent horizontal bed rest (BR). Among Y, 10 were tested after 10 days of BR, and 9 were 
tested after 21 days of BR. E were tested only after 10 days of BR. Before (PRE), after 10 (POST10) 
and 21 (POST21) days of BR, the participants performed an incremental exercise (INCR) on a cycle 
ergometer up to exhaustion to determine peak pulmonary V̇O2 (V̇O2p) and a constant work rate 
exercise of moderate intensity (MOD). Microvascular/endothelial function was evaluated by the blood 
flow response (Doppler ultrasound) in the femoral artery during 1-min passive leg movements (PLM). 
Mitochondrial respiration was evaluated: (i) non-invasively in vivo by near-infrared spectroscopy 
(NIRS) by calculating skeletal muscle V̇O2 (V̇O2m) recovery kinetics (repeated transient occlusions 
method) following MOD, with calculation of the time constant (τ) of the monoexponential V̇O2m 
decrease; and (ii) ex vivo by high-resolution respirometry (maximal ADP-stimulated mitochondrial 
respiration, OXPHOS) on permeabilized vastus lateralis fibers obtained by biopsy. Maximal 
mitochondrial hydrogen peroxide (H2O2) production and changes in mitochondrial H2O2 emission 
across a range of ADP concentrations were also evaluated.  
 
Results: In Y, peak V̇O2p in PRE (40.0±2.5 ml.kg-1.min-1) was 8% lower (P=0.02) in POST10 and 10% 
lower in POST21. In E, peak V̇O2p in PRE (24.3±7.8 ml.kg-1.min-1) was 5% lower (P=0.02) in POST10. 
The percentage decreases in POST10 were not different between Y and E (P>0.05). In Y, the area 
under the blood flow vs time curve (AUC) during PLM was lower (P=0.04) in POST10 (274±233 mL) 
and POST21 (160±51) vs PRE (367±167). AUC in E in POST10 (109±60) was lower vs PRE (153±89) 
(P=0.04). The percentage decreases between Y (35%) and E (21%) in POST10 were not different 
(P>0.05). In both Y (PRE=25.7±5.5 s) and E (PRE=38.2±16.3), τ of V̇O2m recovery was not affected 
by any BR intervention (P>0.05). In both Y (PRE=55.1±15.1 pmol.s-1.mg-1 wet weight) and E 
(PRE=41.1±14.3), OXPHOS was not affected by any BR intervention (P>0.05). The ratio between 
mitochondrial reactive oxygen species (H2O2) emission and mitochondrial O2 flux increased in E in 
POST10 (+62%; P=0.01) and remained unchanged in Y (P>0.05). In Y, however, an increased H2O2 
emission in the presence of submaximal ADP concentrations was observed in POST21 (P<0.05).  
 
Conclusions: Both Y and E showed a decline in peak aerobic and microvascular/endothelial functions 
following 10- and 21-day BR; the percentage decreases of functional variables were not different in 
the two age groups. A preserved mitochondrial respiration but an increased mitochondrial ROS 
emission was observed in both age groups. Funding: MUR; PRIN Project 2020EM9A. 
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Brain vs. Gravity: Exploring the Limits of Intuition and Physics in Human Motor Control

Ludovic Le Moullec1, Nicolas Boulanger2, Frédéric Dierick3,4,5, Jan Babič6,7, Fabien Buisseret3,8, Olivier
White1

1. INSERM UMR1093-CAPS, Université de Bourgogne, UFR des Sciences du Sport, France
2. Service de Physique de l’Univers, Champs et Gravitation, UMONS Research Institute for Complex

Systems, Université de Mons, Belgium
3. CeREF-Santé, Belgium
4. RehaLAB, Centre National de Rééducation Fonctionnelle et de Réadaptation—Rehazenter,

Luxembourg
5. Faculté des Sciences de la Motricité, UCLouvain, Belgium
6. Laboratory for Neuromechanics, and Biorobotics, Jožef Stefan Institute, Slovenia
7. Faculty of Electrical Engineering, University of Ljubljana, Slovenia
8. Service de Physique Nucléaire et Subnucléaire, Université de Mons, Belgium

Introduction. Everyday actions, like picking up a mug, involve complex neural computations. Motor control
theories suggest these processes rely on internal models shaped by both feedback and feedforward
mechanisms. Gravity plays a key role in these processes, and effective movement control depends on
adapting to gravity shifts. This study explores two questions: What is the timescale for adapting to gravity
changes? How does intuition about physics impact mental simulation?

Methods. In Experiment 1, six participants performed cyclic movements during rapid gravity transitions
(1g–3g and 3g–1g) in a centrifuge, with movement pace analyzed throughout. Experiment 2 examined
mental simulation of simple physical systems by physics/math students (MATH) and sports science
students (SPO, n=300). These two groups allow us to assess how theoretical knowledge (MATH) and
intuition (SPO) influence the isochrony principle in motor imagery.

Results. Experiment 1 showed asymmetrical movement adaptations. Participants adjusted their motor
control to increased gravity. They, however, failed do so in decreasing gravity. This exemplifies the role of
cognitive factors beyond mechanical models. Furthermore, preliminary data from Experiment 2 indicate
that intuitive understanding in the SPO group is limited (isochrony fails). Data collection in the MATH group
is ongoing.

Discussion. These findings highlight the brain’s role in representing gravity within internal models. Results
of Experiment 2 will contribute to enhancing educational approaches related to gravity’s influence on
movement. The study also underscores the importance of preparing astronauts for the psychological
challenges posed by altered gravity in space exploration.



9th Human Physiology Workshop 
Friday, 6th of December 2024 
(Deadline no later than 1st October 2024) 
Abstract to be send to humanphysiologie-ws@dlr.de 

 

 

Untargeted Metabolomics in Skeletal Muscle: Altered Glucose and Amino 
Acid Metabolism in Patients with Long COVID 

Po Lin (Brian) Chen1, Braeden T Charlton 1, Anouk Slaghekke 1, Brent Appelman 2, Frank W 
Bloemers 3, Paul van Amstel 3, Jelle J Posthuma 4, Michèle van Vugt 5, Bauke Schomakers6, Michel 
van Weeghel6, Rob C I Wϋst 1 

 

1 Vrije Universiteit Amsterdam, Amsterdam Movement Sciences, The Netherlands 
2 Center for Experimental and Molecular Medicine, Amsterdam UMC, The Netherlands 
3 Department of Trauma Surgery, Amsterdam UMC, The Netherlands 
4 Division of Surgery, Flevoziekenhuis, Almere, The Netherlands 
5 Department of Internal Medicine, Amsterdam UMC, the Netherlands 
6 Core Facility Metabolomics, Amsterdam UMC, the Netherlands 
 
Introduction: Patients with long COVID suffer from muscle weakness, fatigue and pain, and have a 
limited exercise capacity. However, the metabolomic alterations in skeletal muscle underlying these 
changes remain unknown.  
 
Methods: Vastus lateralis biopsies were collected and analyzed for metabolite abundance using liquid 
chromatography–mass spectrometry (LC–MS). Using the documented skeletal muscle metabolites from 
the HMDB database, we conducted principal component analysis and K-Medoids clustering to identify 
and exclude outliers, yielding 14 long COVID patients and 12 healthy controls for analysis. Metabolomic 
data was analyzed using MetaboAnalystR, Metabolite Set Enrichment Analysis and pathway-specific 
metabolite abundance was assessed by integrating data from databases such as HMDB, KEGG, and 
RaMP. 
 
Results: Untargeted metabolomic analysis revealed 274 metabolites with significant group differences 
(based on raw p-value), but only 9 metabolites with a FDR<0.05 were different in long COVID. The 
downregulated metabolites (citric acid, pyruvic acid, sorbitol, melibiitol, methyl hydrogen fumarate, FAD, 
2-furoic acid, and ADP-ribose 1-2 cyclic phosphate) are linked to disruptions in, for instance, muscle 
glucose metabolism and mitochondrial function. In contrast, the single upregulated metabolite, N2-(2-
carboxymethyl-2-hydroxysuccinoyl)arginine, is linked to increased arginine activity. Metabolite Set 
Enrichment Analysis (with >100 metabolites included) revealed enriched pathways related to glucose 
and amino acid metabolism in long COVID. 
 
Conclusions: Our newly developed untargeted metabolomics pipeline allows for the identification of 
novel pathways in skeletal muscle that provide further insight into skeletal muscle metabolism. Our 
analysis indicates that glucose and amino acid metabolism in long COVID is altered, and highlights new 
directions to further understand the cellular pathways that underlie the skeletal muscle fatigue and pain 
in these patients.  
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Understanding the cellular interactions of capillary supply, 
mitochondria and myoglobin influencing maximal oxygen uptake in 
human skeletal muscle 
 
 
Braeden T. Charlton 1, Jelle Huijts1, Anouk Slaghekke1, Brent Appelman 2, Moritz Eggelbusch1, Paul 
Hendrickse3, Richie P. Goulding 1, Ellen Breedveld1, Frank W. Bloemers1,4, Jelle Posthuma4, Michèle 
van Vugt5, Hans Degens3,6, Rob C.I. Wüst1 

 
1 Department of Human Movement Sciences, Faculty of Behavioral and Movement Sciences, Vrije 
Universiteit Amsterdam, Netherlands  
2 Amsterdam Medical Centre, Center for Experimental and Molecular Medicine, Netherlands 
3 Research Centre for Musculoskeletal Science & Sports Medicine, Department of Life Sciences, 
Manchester Metropolitan University, Manchester UK 
4 Department of Trauma Surgery, Amsterdam UMC location University of Amsterdam. 
5 Division of Infectious Diseases, Tropical Medicine, Department of Medicine, Amsterdam UMC location 
University of Amsterdam. 
6 Lithuanian Sports University, Kaunas Lithuania. 
 
Introduction: Skeletal muscle fibre cross sectional area (FCSA), capillary supply, mitochondrial density 
and function, and myoglobin content all contribute to optimal skeletal muscle function during exercise. 
However, it is not fully understood how these parameters interact at the cellular level, and how these 
cellular interactions relate to maximal oxygen uptake (�̇�����). The aim of the current study is to 
elucidate how these parameters interact and contribute to �̇�����. Exploratively, we assessed changes 
in these parameters following long-term bed rest (in AGBRESA).    
Methods: Maximal oxygen uptake (by means of a cardiopulmonary exercise test) was assessed in 21 
healthy participants and in 24 participants before and after 55 days of bed rest. Vastus lateralis muscle 
biopsies were stained for fibre cross-sectional area, muscle fibre type distribution, succinate 
dehydrogenase (SDH) enzyme activity, myoglobin content (currently, in a subset), and capillarization. 
High resolution respirometry was used to measure oxidative phosphorylation capacity. 
Results: �̇����� was positively correlated to capillary-to-fiber ratio (r=0.41; p<0.001), SDH activity 
(r=0.61, p<0.0001), and oxidative phosphorylation capacity (r=0.61, P<0.00010), but not to myoglobin 
content (r=-0.05; p=0.82). Myoglobin content, however, was correlated to capillary-to-fiber ratio (r=0.42; 
p=0.04), but not to FCSA (r=0.18; p=0.39) or capillary density (r=0.23; p=0.28). Following long-term bed 
rest, oxidative phosphorylation capacity decreased by on average 23%, FCSA by 37%, capillary-to-fiber 
ratio by 19%, but myoglobin content increased by 8% (n=5 so far). Preliminary data suggested that the 
increase in myoglobin content was mostly closely correlated with the decrease in oxidative 
phosphorylation capacity (r=0.66; p=0.22, n=5), where the largest increases in myoglobin content were 
associated with the lowest reductions in oxidative phosphorylation capacity and vice versa. Other 
correlations were r<0.25. 
Conclusion: Here, we identified skeletal muscle contributors to maximal oxygen uptake in healthy 
humans. Intriguingly, myoglobin content was not associated with �̇�����, but myoglobin content 
increased after long-term bed, possibly as a compensatory mechanism to match capillary oxygen 
supply by increased oxygen buffering capacity to mitochondrial demand.  
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Machine Learning enabled Blood Pressure Measurement from Impedance 
Cardiography data: A promising Concept for Human Spaceflight 
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Environments Berlin, Germany 
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Introduction: Accurate blood pressure (BP) measurement is crucial for the diagnosis, risk assessment, 

treatment decision-making, and monitoring of cardiovascular diseases. More ambitious and longer 

space missions and an increasing number of astronauts will demand a more comprehensive and 

unobtrusive monitoring of cardiovascular health and early detection of potential diseases. This study is 

the first to comprehensively assess impedance cardiography (ICG) for Machine Learning enabled BP 

measurement – holding the potential to be a crucially valuable tool for human spaceflight. 

 

Methods: We analysed ICG data from 71 young and healthy adults. Nine different Machine Learning 

algorithms were evaluated for their BP estimation performance against quality controlled, oscillometric 

(cuff-based), arterial BP measurements during mental (Trier Social Stress Test) and physical exercise 

(bike ergometer). Situations simulating mental and physical stress were tested to mimic the diverse set 

of stressors affecting cardiovascular stress and sympatho-vagal activation during space missions.  

 

Results: The Multi-Linear Regression model showed the best measurement accuracy (-0.01 ± 10.79 

mmHg, r = 0.82) for systolic BP. The Support Vector Regressor model achieved the best accuracy (0.15 

± 7.79 mmHg, r = 0.51) for diastolic BP. Both models showed a systematic bias (trend slope in Bland-

Altman analyses) for diastolic (-0.90, p < 0.001) and a weaker bias for systolic (-0.19, p < 0.001) BP 

estimation. The ICG derived pre-ejection period (PEP) could be used in combination with the heart rate 

to discriminate between periods of rest, mental, and physical stress. The positive predictive value for 

interclass precision was 93%. 

 

Conclusions: The study highlights the potential of ICG based Machine Learning algorithms for future 

human spaceflight missions. In the future, algorithms based on ICG data could provide accurate and 

continuous BP data during spaceflight mission. This offers the possibility of enhanced astronaut care, 

timely diagnostics, and (automated) treatment decision-making which appears especially promising for 

long-lasting and space missions including the extraterrestrial environments of Moon and Mars. However, 

further research is needed to validate its accuracy and usability in space. Ground-based research into 

limiting biases, improving performance and standardized validation is currently conducted.  
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Chronobiological Impact of Acute Exercise on Serum Metabolites and their 
association with muscle mitochondrial function in Type 2 Diabetes Mellitus  
Aidjan Imhof 1, Philipp Harbecke1, Finn-Marten Büscher1 Susanne Brodesser2, Petra Frings-Meuthen1, 
Timo Frett1, Jörn Rittweger1, Marie-Therese Schmitz3, Dominik Pesta1,4,5 
 
1 German Aerospace Center – DLR, Institute of Aerospace Medicine, Cologne, Germany 
2 CECAD Research Center Head of Lipidomics/Metabolomics Facility, Cologne, Germany 
3 Institute of Medical Biometry, Informatics and Epidemiology, Medical Faculty, University of Bonn, 
Bonn, Germany 
4 Medical Faculty, University of Cologne, Cologne, Germany  
6 Cologne Excellence Cluster on Cellular Stress Responses in Aging-Associated Diseases (CECAD), 
Cologne, Germany 
 
Introduction:  
Emerging evidence suggests that type 2 diabetes mellitus (T2DM) alters metabolic flux through 
essential biochemical pathways, including the tricarboxylic acid (TCA) cycle and glycolysis. However, 
the effects of the precise timing of acute exercise on serum TCA cycle intermediates (TCAi) and 
glycolytic intermediates (GLYCi) are not well understood. Additionally, their relationship with 
mitochondrial function in individuals with type 2 diabetes mellitus (T2DM) remains underexplored. This 
study investigated how exercise timing influences serum profiles of TCAi and GLYCi and their 
association with skeletal muscle mitochondrial function in individuals with T2DM. 
 
Methods:  
Seventeen individuals with T2DM (F = 31.6%, 57.7 ± 8.3 years) were included in this randomized 
crossover trial. Participants completed one high-intensity interval exercise bout in the morning (8:00 
AM) and one in the evening (5:00 PM) with a 14-day washout period between sessions. Blood 
samples were obtained at baseline before training, 0 minutes post training and 30 minutes post 
training for serum metabolite analysis. Muscle biopsies were obtained on another day to assess 
mitochondrial function. Changes in serum metabolite concentrations were assessed by a generalized 
estimated equation model to assess population level effects and a linear mixed model to assess 
effects including individual variability. Coordinated metabolic changes across muscle and serum were 
identified by Spearman correlation analysis. The Munich Chronotype Questionnaire (D-MEQ) was 
used to determine individuals' preferred sleep and wake times. 
 
Results:  
We found that time-of day does not affect serum metabolite levels. However, we found differences in 
the influence of a person's natural sleep-wake pattern during the exercise and recovery session (only 
at population level) on the serum metabolites (2+3)-phosphoglycerate, aconitate, citrate, alpha-
ketoglutarate, malate and succinate. We further found positive correlations of aconitate (r = 0.60, p = 
0.03), alpha-ketoglutarate (r = 0.61, p = 0.02), succinate (r = 0.59, p = 0.03) and malate serum 
metabolite changes during exercise with skeletal muscle OXPHOS capacity during evening exercise. 
During morning exercise, citrate correlated positively with LEAK state (r = 0.57, p = 0.05), electron 
transport system (ETS) capacity (r = 0.60, p = 0.03) and Complex II-linked capacity (r = 0.65, p = 0.02) 
and alpha-ketoglutarate correlated negatively with Complex IV activity (r = -0.67, p = 0.044).  
 
Conclusions: 
Time of day did not affect the metabolic response to acute exercise. However, our results indicate that 
an increase in serum TCAi reflects elevated energy turnover during high-intensity exercise. Although 
we cannot be certain that these metabolites derive from skeletal muscle, we found certain serum 
metabolites to correlate with parameters of muscle mitochondrial function.  
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Unraveling the Muscle Microcirculation Maze – Diffusion Deficits in Long 
COVID and ME/CFS 
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Michèle van Vugt 5, Rob C I Wϋst 1 
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5 Department of Internal Medicine, Division of Infectious Diseases, Amsterdam UMC, the Netherlands 
 
 
 
Introduction: In post-infectious diseases like Long COVID and Myalgic Encephalomyelitis/Chronic 
Fatigue Syndrome (ME/CFS), the human adaptability seems compromised, with even minor physical or 
mental stressors resulting in overexertion, extreme fatigue, myalgia, or worsening of other symptoms 

including fever. Ineffective matching of oxygen delivery (𝑄̇𝑂2) to consumption (𝑉̇𝑂2), as well as 
misalignment of energy substrates with local metabolic needs, is thought to play a central role in the 
disrupted metabolic homeostasis, contributing to the onset of overexertion and muscle fatigue. 
Therefore, this study focuses on skeletal muscle oxygenation, assessing local perfusion and diffusion. 
 
 
Methods: Skeletal muscle biopsies from the vastus lateralis were obtained prior to a maximal exercise 
test in Long COVID (n=24), ME/CFS (n=26), and healthy controls (n=30). During exercise, pulmonary 
gas exchange was measured using incremental ramp cardiopulmonary exercise tests (CPET), and 
muscle oxygenation was measured using near-infrared spectroscopy (NIRS), with sensors placed 60% 
distally along the vastus lateralis. Immunohistology and electron microscopy were performed to assess 
muscle microvasculature structure and function, including capillarization, collagen content, and markers 
of microdamage.   
 
 

Results: Both Long COVID and ME/CFS patients exhibited lower 𝑉̇𝑂2,𝑚𝑎𝑥 and peak power output, with 

no alterations in maximal heart rate or ventilatory equivalents. Simultaneously, patients tended to show 
signs of a peripheral muscle oxygenation deficit (p=0.0804). ME/CFS patients exhibited a significant 
reduction in capillary density (p=0.0003) and capillary-to-fiber ratio (p=0.0005). In addition, both patient 
groups showed notable thickenings of the capillary basement membranes (p<0.0001) alongside subtle 
indications of endothelial dysfunction, such as endothelial morphological thickening, likely affecting 
oxygen diffusion.  
 
 
Conclusions: The observed microvascular adaptations in both conditions may disrupt effective 
peripheral oxygenation in skeletal muscle, potentially disturbing metabolic homeostasis, contributing to 
fatigue and post-exertional malaise. 
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Lower cardiorespiratory fitness is associated with prefrailty in a 
community-dwelling population  
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Introduction: Prefrailty precedes clinically identifiable frailty, and identifying it presents an opportunity 
for early interventions to prevent the progression to frailty. While previous studies focused mainly on the 
relationship between cardiorespiratory fitness and frailty in older adults, the relationship between 
prefrailty and cardiorespiratory fitness in community-dwelling middle-aged individuals is unknown. 
 
Methods: In total, 609 participants (aged 55-75 years) were included in this cross-sectional 
observational study. (Pre)frailty was identified using the Fried phenotype. A maximal exercise test was 
utilized to assess cardiorespiratory fitness. Statistical analysis was performed to assess the 

relationship between (pre)frailty and exercise capacity 𝑉̇𝑂2,peak with age, sex, and lean body mass as 

confounding factors.   
 
Results: Prefrailty was observed in 81 of the 609 (15.3%) participants, but no frail participants were 

included in this analysis. 𝑉̇𝑂2,peak was significantly higher in non-frail (2.22±0.60L.min-1) compared to 

prefrail (2.05±0.63L.min-1) participants (p=0.031). Peak work rate was significantly higher in non-frail 
(195±52W) compared to prefrail (179±55W) participants (p=0.017). Additional statistical analysis will 
be performed to distinguish prefrail participants from non-frail participants, based on subgrouping 
prefrail individuals (1 or 2 positive Fried criteria) and Fried-specific subitem analysis. Further analysis 
related to pulmonary, cardiovascular and peripheral parameters will reveal organ-specific alterations in 
exercise capacity related to prefrailty. 
 
Conclusions: Prefrailty was associated with a lower cardiorespiratory fitness, highlighting it as a 
potential early, continuous marker of declining intrinsic capacity and frailty. This allows for more sensitive 
and responsive detection of prefrailty. Organ-specific analysis will uncover mechanistic insight into the 
underlying physiology of prefrailty. 
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Novel approach to investigate muscle contraction behaviour in children and 
adolescents with spastic cerebral palsy 

Jule Heieis 1,2,3, Ibrahim Duran 3,4, Eckhard Schönau 3,4, Christoph Fritzsche 4, Bettina Götz 4, Laura 
Kehe 4, Moritz Meier 1, Karoline Spiess 4, Wilhelm Bloch 2, Jörn Rittweger 1,3 
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Introduction: With 2.1 per 1000 births, cerebral palsy (CP) is the most common disease affecting 
mobility among children. Although secondary skeletal muscle involvement is evident, relatively little is 
known regarding the muscle phenotype in this population. On the other hand, compromised motor 
control imposes practical challenges. Therefore, a study was conducted testing feasibility and 
acceptability in children and adolescents with CP of a muscle testing protocol that is based on the 
muscle examinations of astronauts and in bed-rest studies. The successfully performed ascending 
ramp contraction during the second visit has been analyzed retrospectively to define significant muscle 
parameters for CP, which are reported in the following. 
 
Methods: Twelve participants, aged between 8 and 18 years, with CP and age-matched able-bodied 
counterparts (Ctrl) have been included into the study. They completed testing procedures on two visits 
on separate days. Participants performed three kinds of isometric plantarflexion contractions on a 
custom build dynamometer. The tasks were visualized using a plantarflexion torque-controlled video 
game. Electromyography (EMG) was recorded for tibialis anterior, soleus and lateral gastrocnemius 
muscles. During ramp contractions an ultrasound probe has been attached to the medial 
gastrocnemius mid-belly additionally. To normalize for body mass, plantar flexion force was expressed 
as multiples of Earth’s acceleration (g). The electromyographic parameters muscle activation and co-
contraction and the architectural parameters height-normalized fascicle length, pennation angle, 
fascicle curvature and height-normalized muscle thickness have been analyzed with regard to force 
and group differences using Liner Mixed Effect Models. Additionally, the relationship between he 
fascicle kinematic parameters fascicle strain and fascicle rotation has been analyzed, also via Linear 
Mixed Effect Models. Model estimates are reported ± standard error. 
 
Results: For initial plantarflexion force generation CP participants needed higher activation in the 
soleus (29.1±16.4 % vs. 8.8±11.0 %). Simultaneously, CP shows slightly shorter fascicles 
(0.0141±0.0015 vs. 0.0159±0.0010), lower pennation angles (28.3±3.2° vs. 34.2±2.2°), more fascicle 
curving (0.69±0.12 m-1 vs. 0.31±0.09 m-1) and thinner muscles (0.0068±0.0007 vs. 0.0089±0.0005). 
During force increase CP had a greater muscle activation:force ratio in the soleus muscle, which 
amounted to 96.7±33.6 %/g in CP versus 19.8±22.6 %/g in Ctrl. Co-contraction between soleus and 
tibialis anterior increased with force in patients with CP while it decreased in Ctrl group (1.478±0.935 
/g vs. -0.035±0.627 /g, p<0.001). Appropriately, CP showed higher changes in medial gastrocnemius 
fascicle length (-0.0014±0.0006 /g vs. -0.0009±0.0003 /g), pennation angle (8.1±2.0 °/g vs. 
4.5±2.2 °/g) and muscle thickness (0.0003±0.0001 /g vs. 0.0001±0.0001 /g). The fascicle kinematics 
were also significantly different between groups. In CP the relationship between fascicle rotation and 
fascicle shortening was relatively smaller compared to Ctrl (-0.15 ± Ctrl vs. -0.11 ± CP, p<0.001), 
indicating relatively less fascicle rotation. 
 
Conclusions: During ramp contractions children with spastic CP need to activate their muscles more 
to generate force in contrast to healthy controls. Accordingly, they fail to generate high forces. This 
limitation could be due to higher co-contraction of the antagonists and/or differences in muscle 
mechanics. One factor that can be seen in this data could be the decreased range of fascicle rotation. 
It is not completely understood how fascicles rotate, but an influence of stiffer intra- and extramuscular 
connective tissue, like perimysium, epimysium, fascia and tendon tissues in children with CP seems 
plausible. These results build a foundation for future research of muscle function in children with CP. 
As a next step the method will be applied to investigate the effects of vibration training on muscle 
mechanics. 
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Wearables in a space simulation as a means to uncover pathophysiologic 

changes associated with gravitational forces 
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Introduction: 

Spaceflight yields barely understood circulatory challenges for the human body due to the lack of compensatory mechanisms in 

hyper-G and zero-G situations. Wearable technology is a compact, cost-efficient and ubiquitous opportunity to monitor vital 

parameters during space missions. This study aims to investigate the physiological impact of altered gravitational forces on 

cardiopulmonary parameters from subjects undergoing parabolic flights as measured with a novel wearable device. 

Methods: 

The parabolic flights were conducted using the A310 ZERO-G aircraft, in cooperation with Novespace, to simulate microgravity, 

normogravity, and hypergravity conditions. Each flight consisted of 31 parabolas that led to hypergravitational phases (~20-30 

seconds at max. 1.8 G) in the uplift and downlift, as well as microgravitational phases in between (20 seconds). Wearable chest-

patch sensors with photoplethysmography technology were used to continuously monitor physiological parameters that contribute 

to the regulation of volume shifts, including heart rate, respiratory rate, oxygen saturation (SpO2), systolic blood pressure, diastolic 

blood pressure, pulse pressure, stroke volume, cardiac output, heart rate variability, systemic vascular resistance, and body 

temperature. Data were collected automatically every 5 seconds from eight subjects in an upright position. Statistical analysis 

was performed using the Friedman test followed by post-hoc analysis for pairwise comparisons. 

Results: 

The collection of relevant circulatory parameters using a wearable device was successful in all subjects. From a total of 248 

parabolas, 197 allowed sufficient acquisition of gravity phase-specific subject data. SpO2 levels remained stable and showed no 

significant differences between hyper- and microgravity. Blood pressure changes were continuously monitored but followed an 

unreliable pattern. Stroke volume across the different gravitational phases remained unchanged. However, the respiratory rate 

was significantly increased in both hypergravity [mean 15.7/min vs. 15.2/min (13; 18) interquartile range, p < 0.01] and 

microgravity [mean 16.4/min vs. 15.2/min (15; 18) interquartile range, p < 0.01]. The combined results were congruent to the 

single-subject analysis. 

Conclusion: 

Our study demonstrates that wearable technology with photoplethysmography is feasible for continuous cardiopulmonary 

monitoring during parabolic flights. These findings underscore the usability of wearable technology in monitoring astronauts' 

physiological responses and provide valuable insights into physical strain during spaceflight. The vital data showed several 

cardio-circulatory changes in hyper- and microgravity some of which align with the common understanding of “space-physiology” 

while others do not. It will be indispensable to validate wearables data against standardized measurements under these extreme 

conditions. A more precise setup that allows for a controlled change of gravitational forces could further illuminate the circulatory 

adaptions observed in this study. 
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Introduction:  
A hypertrophying muscle must take up 1g of circulating metabolites for every 1g of dry biomass it builds 

to increase its mass. While it is clear that muscles take up amino acids for protein synthesis, it remains 

unclear what other circulating metabolites are involved in this process. Our aim was to investigate which 

metabolites are taken up or released by hypertrophying skeletal muscles compared to control muscles. 

   
Methods:   
We recruited 4 resistance-untrained men and 4 resistance-untrained women (18-39 years, BMI 19-25 

kg/m²) to perform a hypertrophy-oriented one-legged lower body resistance training session, with the 

contralateral leg used as a non-exercising control. Blood samples were collected from the femoral vein 

24 hours after resistance exercise and analyzed using untargeted mass spectrometry-based 

arteriovenous metabolomics. 

 

Results:   
We measured 46 metabolites using the HILIC method and 322 metabolites using the RP method. From 

the RP analysis, 11 metabolites were identified as significantly different between the exercise and 

control leg, including glycocholic acid, (R)-β-hydroxyisobutyrate, valine-phenylalanine (dipeptide), 2-

furylacetic acid, O-adipoylcarnitine, L-alloisoleucine and hexadecanedioic acid. In addition, HILIC 

analysis revealed significant uptake of creatine, glutamic acid and glutathione and release of 

asparagine in the exercised leg, whereas hydroxyproline and permidine were significantly released from 

the control leg. 

  
Conclusions:  
Muscles receiving a hypertrophic stimulus take up and release metabolites associated with pathways 

involved in biomass formation, suggesting that hypertrophying muscles experience metabolic changes 

beyond amino acid uptake.   
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GLUT4 TRANSLOCATION DURING ACUTE AEROBIC EXERCISE IN 
TYPE 1 DIABETES MELLITUS  
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Bloemers2, Rob C.I. Wüst1 
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Introduction: Patients with type 1 diabetes mellitus (T1DM) experience exercise-induced 
hypoglycemia. Glucose uptake is predominantly facilitated by glucose transporter 4 (GLUT4), 
however, exercise-induced translocation of GLUT4 has not been studied in T1DM. This study 
aimed to assess GLUT4 translocation in skeletal muscle of patients with T1DM and healthy 
controls before and after aerobic exercise.  

Methods: Biopsies were taken before and immediately after a 30 minute bout of moderate 
exercise from the vastus lateralis of patients with T1DM (n=13) and healthy controls (n=9). 
Biopsy sections were subsequently stained with an immunofluorescent staining to visualize 
GLUT4, cell membrane and capillaries and imaged using widefield microscopy. The images 
were deconvolved and analyzed to with multiple metrics to assess GLUT4 distribution, the co-
occurrence, colocalization and translocation to the membrane and capillaries. GLUT4 protein 
content was assessed via western-blot.  

Results: Skeletal muscle from T1DM patients exhibited a 5% greater area (p=0.002) taken up 
by GLUT4 compared to controls. Western-blot data indicated similar GLUT4 protein content, 
suggesting a greater spread of GLUT4 in the cell. However, the western-blot data show an 
increase in glycosylated GLUT4 in T1DM patients (controls: 1.00 ± 0.46 versus T1DM 1.85 ± 
0.63, p=0.01). GLUT4 translocation to the cell membrane increased similarly after exercise in 
both groups (Pearson’s membrane-GLUT4 colocalization coefficient, rest: 0.39 ± 0.05 versus 
exercise: 0.42 ± 0.04, p=0.01), but GLUT4-membrane colocalization was lower overall in 
T1DM (Pearson’s membrane-GLUT4 colocalization, controls: 0.43 ± 0.04 versus T1DM: 0.39 
± 0.05, p=0.03). Post-exercise GLUT4 patches increased in size (rest: 14.89 ± 7.12 versus 
exercise: 20.17 ± 8.36 μm2, p=0.01), although GLUT4 patches were smaller in T1DM patients 
(controls: 21.52 ± 5.35 versus T1DM: 14.41 ± 8.43 μm2, p=0.03). These patches were located 
over a smaller fraction of the total membrane (Mander’s 1 GLUT4-membrane co-occurrence, 
rest: 0.48 ± 0.11 versus exercise: 0.43 ± 0.11, p=0.04). The amount of GLUT4 located near 
capillaries increases with exercise(GLUT4 near capillaries, rest: 18.08 ± 9.97 versus exercise: 
24.66 ± 10.07 μm2, p=0.02). Indicating GLUT4 translocated not only to the membrane but 
specifically towards capillaries.  

Conclusions: Exercise resulted in GLUT4 cluster formation in the membrane, an effect that 
is related to the formation of GLUT4 clusters close to the capillaries. The differences in the 
subcellular localization of GLUT4 in T1DM patients provides possible new insights into the 
phenomenon of exercise-induced hypoglycemia in this condition. 
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Introduction:  
Microgravity exposure induces cardiac deconditioning mainly explained by hypovolaemia and inactivity. 
Results from animal models suggest that exposure to microgravity may lead to atrophy of left ventricular 
(LV) papillary muscles but this has not been investigated in humans. Using magnetic resonance imaging 
(MRI), this study aims to assess changes in left ventricular papillary muscle mass and concomitant LV 
adaptations in morphology and function in cosmonauts after microgravity exposure. 
  
Methods:   
Nine male cosmonauts on long-duration International Space Station missions (247 ± 90 days) 
underwent cardiac MRI scans before and 6 ± 2 days after spaceflight to assess LV papillary muscle 
mass and LV morphology, function, and tissue properties. 
  
Results:   
Spaceflight did not affect LV end-diastolic, end-systolic, stroke volume, or LV ejection fraction compared 
with baseline. However, it was associated with an increase in heart rate (HR) (AFTER: 59 ± 6 
vs. BEFORE: 51 ± 7 bpm; P < 0.001), accounting for the increase in cardiac output (6.0 ± 1.0 vs. 5.2 ± 
1.3 L/min; P = 0.03), mitral annular plane systolic excursion (14.1 ± 1.8 vs. 13.3 ± 1.8 mm; P = 0.001), 
longitudinal fractional shortening (14.2 ± 1.3 vs. 13.04 ± 1.14%; P = 0.002), and HR corrected global 
longitudinal strain (-16.24 ± 2.07 vs. -15.16 ± 2.33%; P = 0.027). This trend was related to a possible 
trend toward increased LV mass (150.6 ± 30.1 vs. 137.3 ± 23.5 g; P = 0.083), decreased LV length 
(99.2 ± 8.1 vs. 101.3 ± 8.2 mm; P = 0.02), increased sphericity index (0.50 ± 0.05 vs. 0.49 ± 0.05; P = 
0.02), and a 13.6% decrease in LV papillary muscle mass (8.7 ± 1.8 vs. 10.1 ± 1.8 g; P = 0.017). 
Additionally, an increase in mitral annular diameter (36.8 ± 4.4 vs. 34.8 ± 4.0 mm; P = 0.004) 
was noted. No mitral leakage was observed as a result of these changes. 
  
Conclusions:  
After long-duration spaceflight, LV geometric adaptations are observed, but its function is maintained. 
However, atrophy of the LV papillary muscles and mitral annular dilation were observed compared to 
preflight values. Further studies are needed to assess the long-term functional implications of these 
findings. 
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Introduction: 

The Concordia station in Antarctica, situated at an equivalent altitude of 3800 meters, offers an ideal 
setting to study sleep disturbances due to hypobaric hypoxia. Previous research at Concordia showed 
a high incidence of periodic breathing and central apnea. While polysomnography is the standard for 
diagnosing sleep apnea, it may disturb normal sleep, is expensive, and requires expertise. Recent 
clinical studies have shown that time-domain heart rate variability (HRV) parameters during wakefulness 
are associated with the severity of obstructive sleep apnea, especially in moderate to severe cases. 
This study aims to assess the applicability of HRV in investigating sleep disturbances induced by 
hypobaric hypoxia. 

Methods:  
Our study involved 10 healthy male crew members assigned to a 12-month mission at the Concordia 

station. Electrocardiography data (500 Hz) was collected three months before the mission, during the 

second month of arrival, and in the 8th and 10th months on-site. Participants followed a breathing protocol 

consisting of 10 cycles of 10-second breathing. These data were then compared to those of 15 male 

subjects during a winter-over at a sea-level Antarctic station, as well as to those of 15 male patients with 

chronic sleep apnea. HRV analysis was conducted using Kubios HRV software (version 4.1.1, Kubios 

Oy, Kuopio, Finland). Statistical analyses were performed using linear mixed effects models for within-

group comparisons and the Kruskal-Wallis test for between-group comparisons. Sidak and Dunn’s 

methods  were applied to correct for repeated measurements, respectively. The significance level was 

set at p < 0.05. The results are expressed as median [first quartile, third quartile]. 

Results:  
In the second month of their stay at high-altitude in Antarctica, the crew members exhibited significantly 

reduced time-domain HRV compared to baseline measures: RMSSD decreased from 50 [36, 54] ms² to 

28 [16, 40] ms² (p = 0.03), PNN20 decreased from 63% [55%, 69%] to 50% [24%, 57%] (p = 0.04), and 

deceleration capacity decreased from 75 [61, 83] ms to 32 [24, 58] ms (p = 0.01). Notably, these changes 

were no longer present by the sixth month of winter-over. During the second month at Concordia, the 

subjects displayed time-domain variations of HRV reaching similar values as those observed in patients 

with sleep apnea, while significant differences were noted when compared to a sea-level control group: 

RMSSD during the beginning of the winter-over at Concordia was not different from the one of patients 

(p = 0.99) but was lower than in the control group at sea-level (p = 0.02). Similar changes were observed 

with the others markers of vagal activity investigated (p<0.05). 

Conclusions: 
The changes observed in the second month after arrival in high-altitude dissipate by the 8th month, 
suggesting a potential adaptation. Additionally, individuals exposed to high-altitude environments, at 
least in the first 2 months, exhibit time-domain HRV patterns similar to those observed in patients with 
chronic obstructive sleep apnea. This finding may be linked to the previously reported high incidence of 
central apnea at Concordia. As these HRV features reflect parasympathetic activity, we hypothesize 
that sleep apnea not only reduces parasympathetic activity during sleep, as previously demonstrated, 
but also during slow breathing in wakefulness. This could offer valuable insights into the severity of sleep 
apnea, particularly in regions with limited access to specialists and healthcare facilities, such as extreme 
environments. 
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Introduction: Several studies have demonstrated cardiac deconditioning induced by long-term 

exposure to microgravity in astronauts, due to adaptive changes in the human body. Head-Down 

Tilt (HDT) bed rest allows reproducing such changes on Earth to study the associated 

physiological effects. Our aim was to evaluate the impact of HDT duration on cardiac parameters, 

including left ventricular (LV) end-diastolic and end-systolic (EDV, ESV) volumes, stroke volume 

(SV), ejection fraction (EF), as well as the LV mass computed at end systole (SM) and end-diastole 

(DM).  

Methods: Cardiac parameters were obtained from cine short-axis cardiac magnetic resonance 

(CMR) images acquired at baseline (BDC), on the 21st (HDT21) and 56th/58th (HDT56/58) days of 

HDT, and five days after HDT conclusion (R) in 19 subjects allocated to the control group –(i.e., no 

countermeasure), by pooling together results relevant to two 60-days HDT bed rest campaigns 

(RSL and AGBRESA). A pre-trained convolutional neural network automatically segmented the LV 

cavity and the myocardium, including the most basal and apical slices. The obtained contours were 

manually revised and, if necessary, corrected to ensure accurate contour delineation, from which 

parameters were computed, without and with normalization to body surface area (BSA) using the 

Mosteller formula. Statistical analysis (Friedman and Wilcoxon test, p<0.05, with Bonferroni 

correction applied in post-hoc comparisons) was conducted to assess: 1) the effect of HDT 

duration on changes in respect to BDC; (2) the changes in post-HDT recovery, comparing both 

BDC and HDT56/58 with R. 

Results: Significant changes from BDC were observed across different time points of the head-

down tilt (HDT) bed rest. Significant decreases in the EDV, ESV, SV, EF, SM, and DM (-17%, -8%, 

-23%, -7%, -5%, -7%, respectively) were observed at HDT56/58. Similar reductions were observed 

also at HDT21 for EDV, SV, EF, and DM (-13%, -16%, -4%, and -3%). During R, all parameters 

returned to BDC values, except for ESV and EF (+7% and -3%). However, a significant increase in 

EDV, ESV, and SV was observed from HDT56/58 to R4 (+22%, +15%, and +25%). Results did not 

change also when comparing values normalized for BSA. 

Conclusion: This study confirmed that prolonged HDT bed rest induces significant cardiac 

deconditioning, with EDV, ESV, SV, EF, SM and DM progressively decreasing throughout bed rest. 

Interestingly, the decrease in SM and DM noted at HDT56/58 was resolved at R, thus suggesting 

dehydration as possible cause for this apparent loss in myocardial mass. These findings provide 

valuable insights into cardiac adaptation during HDT and subsequent readjustment to Earth's 

gravity on the head-to-foot direction, and may serve as useful basis to evaluate the effectiveness of 

possible countermeasures during HDT, and as a reference for comparison with data obtained in 

astronauts after spaceflight.  

 


