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INTRODUCTION

Combining global metabolomics and lipidomics to 
the same sample cohort can aid in seeing the 
complete metabolome. Over the past few years, the 
clinical applications of global metabolomics and 
lipidomics have expanded, aiding in understanding 
disease mechanisms, identifying novel biomarkers, 
and facilitating personalized medicine.

To effectively utilize these techniques in clinical 
diagnostics, it's crucial to understand and control 
both analytical and preanalytical factors which can 
influence the results. Pre-analytical factors, which 
encompass everything happening to the sample from 
sample collection until sample preparation, is 
estimated to contribute to over 80% of testing errors 
(Yin et al., 2013). Most relevant pre-analytical factors 
in clinical diagnostics include variations in sample 
collection, delays in sample processing and 
inconsistent sample storage conditions. 

This study evaluates the storage stability and the 
effect of one extra freeze-thaw cycle on the global 
lipidome and metabolome within a single sample 
cohort. The aim is to guide the development of 
protocols for required sampling and storage of 
samples to be analyzed with global metabolomics 
and lipidomics at our hospital.

STUDY DESIGN and METHODS

The cohort consisted of 20 patients (3 EDTA plasma 
samples per patient were collected) from the 
emergency department. The study was designed to 
cover typical pre-analytical situations for samples 
taken for research projects in an emergency room 
(Figure 1), and analyzed using global LCMS 
metabolomics (Skogvold et al., 2023) and global 
LCMS lipidomics (manuscript in preparation). 
Sample preparation for metabolomics consisted of 
protein precipitation (PPT)  using methanol in a 1:3 
ratio (sample: methanol), and the same ratio using 
isopropanol for lipidomics. 
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Figure 1: Study design showing the  pre-analytical conditions 
prior to global metabolomics and lipidomics.  

CONCLUSION

Our findings reveal a significant effect of storage time 
on the stability of the global metabolome and 
lipidome. Identifying the pattern of the specific 
changes occurring with storage time is important. 
EDTA plasma showed satisfactory stability upon 
freeze-thaw. For development of relevant protocols 
for samples taken for global analysis, knowledge of 
the effect of pre-analytical factors is crucial. Our 
results indicate that time delay before freezing has a 
lager impact than the number of freeze-thaw cycles 
and this should be taken into account when 
developing protocols to be used in busy emergency 
rooms. 

RESULTS

When comparing samples stored in different time intervals 
on PCA level, there was no clear grouping based on storage 
time in refrigerator prior to -80oC storage. However, there 
was a very clear grouping based on participant, indicating 
that biological variation between participants outcompetes 
the metabolic alterations induced by storage time (Figure 
2). This shows that the metabolome is relatively stable on a 
global level. This was also found for the lipidome (not 
shown). The different timepoints were compared towards 
each other using differential analysis. The number of 
differentially altered metabolites and lipids (DAML) (p-value 
< 0.05) increased over time (Figure 3), showing that the 
metabolome clearly changes upon storage in refrigerator. 
However the trend was different for lipidomics and 
metabolomics (Figure 3).  
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Figure 3: Trend of DAML with storage time found using the global 
metabolomics and lipidomics approach. 
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Figure 2: PCA of metabolomics data in positive ionization mode. A) colored by 
number of hours stored in 4 degrees celsius, B) colored by the different participants.

 Among the DAML, 35 was found with metabolomics (Table 1) and  30 
was found with lipidomics (Table 2). Cohen's d was calculated to 
provide a measure of the practical significance of our findings in 
clinical chemistry. This allowed us to quantify the size of the effect that 
storage time has on the stability of the metabolome and lipidome, 
beyond just the statistical significance provided by p-values. For many 
of the significant features the storage time had a substantial effect on 
their corresponding concentration levels (Figure 5). The compounds 
with highest effect sizes came mostly from the metabolomics results 
(Table 1), indicating that the storage time had a greater influence on the 
metabolome compared to the lipidome.

According to EM Gowans, the maximum accepted imprecision 
with bias is 0.25. In our study, we found that the effect of 
storage time on the stability of the metabolome and lipidome 
exceeds this threshold. This indicates that the impact of 
storage time is larger than what would be expected from 
normal variation, suggesting a substantial effect of these 
storage conditions on the samples. Additionally, the effect of 
one extra freeze-thaw cycle had on the sample stability was 
also tested. Interestingly, despite  storage time having a 
significant impact on the samples, one extra freeze-thaw 
cycle  did not significantly affect the stability of the 
metabolome and lipidome on a global level (PCA) (Figure 4). 
This suggests that the samples exhibits a robustness against 
one extra freeze-thaw cycle (1 to 2 cycles). 
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Figure 4: PCA of metabolomics (left) and lipidomics (right) data obtained 
in positive (top) and negative (bottom) ionization mode. Colored by 
number of freeze-thaw cycles. 
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Figure 5: Violin plot of glutamate, LPC(O-16:0), aspartate and 
LPC(O-18:1), based on peak area and number of hours the samples were 
stored at 4oC. 

Table 1: Differentially altered metabolites impacted by storage time. Including 
level of confidence (LoC)(Schymanski et al., 2014), p value and cohen's d. 

Table 2: Differentially altered lipids impacted by storage time. Including level of 
confidence (LoC)(Schymanski et al., 2014), p value and cohen's d.
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