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Background: Numerous studies have investigated the association of plasma 
metabolites with insulin resistance and type 2 diabetes, but few studies have 
assessed the direct effects of hyperinsulinemia on plasma metabolite levels. The aim 
of this study was to explore the insulin sensitivity of metabolites based on the data 
acquired from a two-step hyperinsulinemic-euglycemic clamp study in healthy 
middle-aged individuals.  
Methods: In this study, data was acquired from a two-step hyperinsulinemic-
euglycemic clamp study on 24 healthy individuals. Concentrations of 159 metabolites 
were obtained using an NMR-based metabolomics platform (Nightingale Inc, 
Finland) at baseline glucose infusion, 10 mU/m2/min (low dose) insulin infusion, and 
40 mU/m2/min (high dose) insulin infusion. To correct for dilution of the blood during 
the experiment, metabolite concentrations were normalized to albumin and data 
were analyzed by using linear mixed effects models after exclusion of outliers 
(beyond ± 4 SD). 
Results: After low dose insulin, a total of 120 metabolites changed significantly 
(Bonferroni adjusted p<1.34e-3) and after high dose insulin, 150 metabolites 
changed significantly as compared to baseline. Interestingly, some of the insulin 
sensitive metabolites showed maximal effect sizes already at the low dose insulin 
with no further increase at high dose insulin. These metabolites included beta-
hydroxybutyrate and virtually all lipids in all sizes of low-density lipoprotein (LDL) 
particles. In contrast, some metabolites showed significant further decrease at high 
dose insulin. For example, the levels of the branched-chain amino acids valine, 
leucine and isoleucine showed an approximately fourfold additional decrease after 
high dose insulin. 
Discussion/Conclusion: In conclusion, the majority of plasma metabolites measured 
by an NMR metabolomics platform are sensitive to insulin levels and some of these 
responses are insulin dose-dependent. Since low and high dose insulin levels are 
assumed to target, respectively, the liver and the liver plus peripheral organs (i.e. 
muscle and fat), our data provide insight into the role of insulin in specific tissues in 
determining plasma metabolite levels.  
 
 


