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Responsiveness of fat metabolism measured by breath acetone is 
fitness-dependent 
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Background/Introduction: 
Regular physical exercise reduces the risk of all-cause mortality and is particularly important 
regarding personalized treatment of metabolic disorders, such as obesity, diabetes, dyslipidemia, 
non-alcoholic fatty liver disease and metabolic syndrome. Cardiorespiratory fitness (CRF) may be 
linked to metabolic responsivness towards an execise stimulus. 
To enable personalized exercise programs, simple and accurate, non-invasive monitoring of an 
individual's metabolism is needed. Real-time analysis of exhaled breath provides insights into a 
individual's metabolic status. In particular acetone, one of the most abundant compounds in 
human breath, is closely linked to fat and ketone body metabolism.  
This study investigated exhaled breath acetone (BrAce) during and after submaximal aerobic 
cycling exercise as a volatile biomarker for metabolic responsiveness in high and lower-fit 
individuals.  
 
Methods: 
Twenty healthy adults (19-39 years) with different levels of cardiorespiratory fitness (VO2peak), 
determined by spiroergometry, were enrolled in a prospective cohort study. Each participant 
underwent a submaximal cycling exercise for 40-55min. BrAce was repeatedly measured with  
proton-transfer-reaction time-of-flight mass spectrometry (PTR-TOF-MS) during exercise and 
during a post-exercise rest period of 180 min. Activity of ketone- and fat metabolism during and 
after exercise were determined by measurement of venous β-hydroxybutyrate (βHB) and by 
indirect calorimetric calculation of fat oxidation rate.  
 
Results: 
Maximum normalized BrAce during exercise were significantly higher in the high-fit individuals 
compared to the lower-fit subjects (t-test; p=0.03). Multivariate regression indicates a positive 
association between maximum normalized BrAce during exercise with VO2peak with 0.4% higher 
BrAce change during exercise for every ml kg-1 min-1 higher VO2peak (β=0.341, 95%-CI=-0.002 
– 0.009, p=0.155).  
Maximum normalized BrAce during post exercise period showed no significant differences 
between the high-fit and lower-fit group (t-test; p=0.5).  However, in the late post-exercise phase 
higher BrACE increase rates were observed in the high-fit group (46% h-1) compared to the 
lower-fit group (29% h-1). 
 
Conclusion: 
High-fit individuals have larger increases in BrAce concentrations during and after exercise than 
lower-fit subjects, indicating a fitness-dependent responsiveness of fat metabolism. These results 
demonstrate the potential of metabolic real-time monitoring during exercise for therapeutic 
guidance in lifestyle interventions. 
 


