
Overview

Introduction 
A comparative LC-MS study of fasting and non-fasting 
serum and plasma was performed to develop an 
integrated data analysis approach for metabolic 
profiling and to identify candidate biomarkers. Samples 
from the same ten individuals corresponding to fasting 
and non-fasting states were pooled to create four 
uniform samples: (1) fasting serum (FS), (2) non-fasting 
serum (nFS), (3) fasting plasma (FP), and (4) non-
fasting plasma (nFP). 
These dataset profiles were compared using principle 
component analysis, t-test, and an integrated approach 
that includes these steps (Figure 1) integrated with a 
linear model for candidate biomarker selection. This 
integrated approach includes statistical testing in a 
REML model incorporating exploratory data analysis as 
a single data processing regimen for metabolite profile 
comparison. 
Comparative data analysis of the serum and plasma 
metabolite profiles was performed to select metabolites 
for further study (e.g., targeted MS/MS analysis). 
Relative quantitative estimation utilizing REML offers 
selection of metabolite profiles within a biological 
context.

• The LC-MS-based metabolomics measurements are 
typically within 100 – 1,000 m/z.

• Chemical noise can be reduced through the use of 
intensity thresholding or application of matched 
filtration1,2 during feature identification.

• An unknown number of chemical noise features are 
often included in downstream data processing and 
analysis.

• Higher confidence can be placed in metabolomic 
feature detection when statistical modeling is applied. 

• A restricted maximum likelihood (REML) model 
incorporating exploratory data analysis was used in 
comparative analyses to demonstrate the applicability 
of this approach for biomarker identification.

Methods
• Fasting and non-fasting serum and plasma samples were 

extracted in triplicate using chloroform/methanol (2:1, v/v) 
followed by analysis of the water-soluble fraction using capillary 
LC-FTICR MS. 

• Raw data were deconvoluted and features determined using in-
house software programs, and metabolite feature datasets were 
chromatographically aligned using the LCMSWARP algorithm.3

• Aligned data were used to compare common biomarker 
discovery strategies. Principle component analysis and t-test 
were evaluated as singular strategies together with a more 
integrated approach incorporating REML.

• Multiplicative model of metabolite abundance

Adstcfi = µa x Dd x Ss x Tt x Ff x Edstcfi

where Adstcfi is the ith abundance measurement of the fth feature 
measured at time t from a biological sample from the sth sample 
type (s = serum or plasma) and  the dth diet regime (d =fasting or 
nonfasting) perturbed by the multiplicative random effect Edstcfi.   

• Log transformation forms an additive model 

Adstcfi = µa + Dd + Ss + Tt + Ff + εdstcfi

• We assume that εdstcfi = log(εdstcfi) is normally distributed with 
mean 0 and variance se2

• The model was evaluated through inspection of residual plots, 
interaction plots. Qnorm and parameter estimates were made for 
metabolite groups, ANOVA, confidence intervals, and model 
error estimates

Conclusions
• Qualitative and semi-quantitative analyses are 

applied in a directed approach for selection of 
markers

• Diagnostic estimates of the processing effects 
can be made, improving data analysis

• Grouping features can potentially identify 
metabolites belonging to the same chemical 
class or pathway

• Validation and identification of selected 
metabolites benefits from targeted LC-MS/MS 
and or complementary NMR analyses
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Figure 4. Principle component analysis of metabolites common to all samples 
prior to application of the linear model. The scores plot (left) illustrates the 
separation of sample groups. The loads plot (right) shows selection of groups 
of similar metabolite profiles is difficult when many metabolites are present.

Non-Fasting Plasma

Non-Fasting Serum

Fasting Serum

Fasting Plasma

Sample Type

26817874550 ± 211

18517974174 ± 474

47222904456 ± 354

39820654864 ± 814

Unique features
to the group

Number of features 
within group

Number of features 
(average ± std dev)

Table 1. Selection of the number of metabolites after peak picking 
compared to grouping the metabolites by reproducibility (features within 
group) or by selecting a metabolite profile (unique features) as one EDA 
for metabolic profiling.

Figure 2. Agreement between intensity measure-
ments for individual features in the aligned and 
baseline datasets.

Figure 3. Intensity ratio histograms for aligned datasets.

Table 2. Representative metabolite identities from groups shown in Figure 5. 

Figure 6. Representative output for 
G109 metabolites. The observed 
abundance profile (blue) for each of 
the G109 metabolites (M) is plotted in 
the left panel with the group average 
profile (red). Individual profiles (blue) 
with metabolite measurability effects 
removed are shown in the upper right 
panel with the average profile (black) 
due to the processing effects alone. 
In (red) is the mixed effects model for 
this group of metabolites, minus the 
processing effects. The residual 
profiles (lower right panel) shows 
remaining effects which are 
represented in the error terms in 
Figure 7. Metabolite identifications  
for some members of this group are 
shown in Table 2. 

Figure 7. Qnorm plot (left) shows the 
Group109 metabolite profile fit (red) 
to the model. The ANOVA results 
from the G109 REML-fit mixed effects 
model is summarized by a table of 
model parameter estimates, their 
standard errors and P-values of the 
test that a parameter equals 0. 

Figure 1. Singular strategies and the 
integrated REML approach for identification 
of candidate biomarkers
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Figure 5. Clustering the individual metabolite 
abundances (open circles) into groups in 
conjunction with mixed effect modeling allows 
data trends across conditions to become more 
apparent. Mean abundance profiles for the 
grouped metabolites (G) show: non-normalized 
(blue) and a mixed effects model  (red). 
Horizontal blue line is the mean abundance 
across all metabolites in the group. Further 
exploration is required for interpretation, however 
those groups with highly correlated biological 
trends merit further investigation. Interpretation of 
the influences on the metabolite abundance 
profiles requires the diagnostic plots shown in 
Figures 6 and 7.
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