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Insights into the effect of a single bout of aerobic exercise on systemic 
insulin degludec concentrations in people with type 1 diabetes using a 
novel mass-spectrometric assay 
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Background/Introduction: 
Physical exercise in people with type 1 diabetes is associated with an increased risk of 
hypoglycaemia. Adaptation of insulin therapy is recommended but is not possible for those treated 
with ultra-long-acting insulin analogues such as insulin degludec (IDeg). Previous reports using 
different insulin analogues suggest that exercise induces higher systemic insulin levels by 
increasing capillary surface area and blood flow, potentially contributing to the risk of 
hypoglycaemia. However, IDeg concentrations in the context of exercise have not been measured 
before. One of the main barrier is the lack of a reliable analytical method for IDeg quantification 
with the exception of a specific IDeg immunoassay that remains confined to the manufacturer. The 
objective of this work was to develop and validate a novel mass-spectrometric approach to explore 
the effect of single bout of aerobic exercise on systemic IDeg concentrations in adults with type 1 
diabetes. 
 
Methods: 
An automated, high-throughput method for quantification of IDeg was established by combining 
immunopurification with high-resolution liquid chromatography mass spectrometry (LC-MS). 
Validation was performed according to the requirements of FDA. Following successful validation, 
plasma samples obtained from fifteen male adults on stable IDeg regimens who engaged in a 60 
min aerobic cycling exercise (66% VO2max). Plasma IDeg was quantified at rest (T-30min, T-15min, 
T0min) and during exercise (T15min, T30min, T45min, T60min). Exercise-induced changes of systemic IDeg 
concentrations were analysed using generalized estimation equations to account for the repeated 
measure design. 
 
Results: 
The LC-MS method satisfyingly met the following parameters: lower limit of quantification (120pM), 
linearity, accuracy (error<5%), precision (CV<7.7%), selectivity, carry-over, recovery (89.7-97.2%), 
stability and performance in the presence of other insulin analogues. Participants whose samples 
were measured using the LC-MS method injected their usual degludec dose (0.3±0.1U/kg body 
weight) 8.7±5.0hrs before sample collection. Compared to resting levels, IDeg concentrations 
during exercise were consistently higher with a mean±SE increase of 214±100pmol/L (p=0.03) or 
8.0%, consistent with the effect of exercise on rapid-acting insulin concentrations reported in the 
literature (relative increases ranging from 10% to 15%, standardized mean difference 0.47, 95% 
CI [0.06, 0.89], unpublished meta-analysis).  
 
Conclusion:  
Applying a novel LC-MS assay, we observed that a single bout of aerobic exercise significantly 
increases systemic IDeg concentrations in adults on stable basal IDeg regimens. This finding may 
have implications for hypoglycaemia mitigation strategies around physical exercise in patients 
treated with IDeg. 
 


