Changes in blood metabolic profile during repeated cardiopulmonary
exercise testing (2xCPET) in ME/CFS patients.
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Abstract

ME/CES is characterized by post-exertional malaise (PEM) and delayed recovery after physical activities, possibly
indicating a bioenergetic imbalance. This study analyzed 70 biochemical markers in blood serum, including amino
acid metabolites, during repeated cardiopulmonary cycling exercise tests over two consecutive days (2xCPET).
Eighteen ME/CFS patients were compared with 15 healthy controls. Samples were taken at rest, peak exercise

1
Tryptophan I

intensity, and 15 and 60 minutes post-exercise [1]. Multiple tests evaluated significant alterations in concentration 0.5
and proportional changes. Metabolite enrichment pathway analysis assessed changes in three setfs: concentration- .
related, change between groups, and temporal dynamic behavior. The study explored exercise-induced  NI1-methylnicotinamide presented -
differences in nicotinamide, fryptophan, BCAA, one-carbon, and butanoate metabolism. Findings provide insights most consistent and greater Glutamic Acid 05

into ME/CFS physiological response to exercise and biochemical elements of exercise intolerance and PEM.
Metabolites overlapping the three sets were further investigated for potential discriminatory value, and their
correlation with blood gas parameters was assessed to understand mechanism shifts in ME patients.
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changes throughout the
experiment (Fig. 5).

« Creatinine most significant and
relative changes are
concentrated in the last two
timepoints (Fig. 2 and 5).
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Fig 5: Heatmap with the mean fold change values of ME/CFS data
compared to HC, for each timepoint

Fig 1. Experimental design and fimepoints for sampling. For more information from the
original study, scan the QR code.
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* Those 27 metabolite were
mostly related to BCAA,
nicotinate, one carbon, and
butanoate metabolism (Fig. 3).

 From 27 metabolites, 5 had
significant findings in all S SIS S
comparisons, at least in one N
timepoint (Fig. 3)).

Fig 6: Correlation maps for ME/CEFS (left) and HC (right) with metabolites and blood gas parameters, showing interactions with
Spearman correlation coefficient above 0,5.
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 Mapping blood gas parameters correlations greater than 0.5, we observed a notable
association between creatinine (mapped as Creat C..uM) and hemoglobin (ctHb) as
well as oxygen concentration (ctO2vol).

 The p-value between creatinine and hemoglobin in ME/CFS and HC groups was
0.0007, with a confidence interval ranging from 0.1331 fto 0.5281. Similarly, the
correlation coefficients difference between creatinine and oxygen volume had a p-
value of 0.0023. Both changes in association were significantly different, indicating a
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Fig 2: Concentration (upper left), change (upper right) and behavior (bottom)
comparisons made for each metabolite. In this example, creatinine.
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between ME/CFS and HC groups. Our next steps are conducting longitudinal discriminant
analysis and investigate correlation networks further with other clinical parameters and
network analysis fo enhance our understanding of ME/CFS compensatory mechanisms.
Methods
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Participants (18 female ME/CFS patients and 15 healthy female controls) were pre-screened based on age,
health status, medication, and physical activity level. Patients met the Canadian Consensus Criteria for ME/CEFS.
Participants performed 2xCPET 24 hours apart on a cycle ergometer, with gas exchange and ventilation
measured breath-by-breath and blood samples were taken (Fig 1)[1].

Metabolites were analyzed through three strategies: comparisons for each time point between groups, changes
relative to baseline on day 1, and pairwise. The first two sets focused on "concentration” and "change,” while the
third set, "behavior," required a change between patients and controls or a significant finding exclusive to one
group.

The enrichment analysis parameters included the Hypergeometric test, relafive-betweenness cenirality
topology measure, and KEGG annotations for Homo sapiens [3].

To distinguish between the two groups, made a linear discriminant analysis, modeling the scaled measurements
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LD1 of the five selected metabolites from all the points, randomly sampling 70% of the dataset for tfraining and 30% for
testing [4].
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