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7. Statistical Analysis with metadata

Statistical analyses [Metadata table] that take these covariates into account can draw more robust conclusions about the 

relationships between the primary variable and the omics data. Statistical Analysis with metadata become available now.

Highlights:

- This module is designed to perform covariate analysis, including covariate adjustment and identifying major patterns 

with regard to the two given factors and their interactions.



7.0 Knowledge & Background

Covariate Analysis

● Metadata describes the data, and typically contains details on the experimental condition (i.e., treatments), 

sample source (i.e., species, tissue), and sample collection (i.e., location, time). Such metadata are critical for 

data interpretation, allowing researchers to analyze the data with respect to their biological and environmental 

context, and for data re-use, allowing other researchers to search for, and meaningfully compare and potentially 

integrate, results from across diverse studies. 

● Details on the environmental context and sample source are becoming increasingly important as observational 

studies that collect omics data from human populations or animals outside of laboratory settings are becoming 

more common43. In these cases, there is typically a primary variable of interest, such as presence/absence of a 

certain disease or exposure to a specific chemical, as well as other variables such as age, sex, or other potential 

factors that co-vary with the primary metadata



7.1 Start Statistical Analysis [Metadata Table]

Click here to 
start



7.2 Data Upload Page

Click “Submit” to 
continue.

Upload both data table and 
metadata file by clicking the 

options respectively.

TIP: A separate metadata file 
is required for Statistical 
Analysis [metadata table], in 
addition to a data table 
containing feature abundance 
information. The first column 
of the metadata must be the 
same sample names used by 
the data file. The second 
column contains the primary 
condition of interest. Other 
metadata (such as sex, age, or 
batch) can be included in the 
remaining columns. Both 
continuous and discreate 
variables are acceptable. 
MetaboAnalyst cannot deal 
with missing values (NA or 
empty) in the metadata. Users 
will be asked to manually fix 
these values if detected. 



7.3 Data integrity check

Click “Proceed” to 
continue.



7.4 MetaData integrity check

Click “Edit” to edit 
the metadata 
information.

You can change the 
levels’ order or name of 

the metadata.

Click “Proceed” button from the bottom to continue.

Remember to make sure 
the types of the factors 
are specified correctly.



7.5 MetaData integrity check

Click “Proceed” to 
continue.

Click “Proceed” to 
continue.



7.6 Selection of Analyzing Items

Data and Metadata Overview

Univariate Analysis

Multivariate Analysis

Supervised Classification



7.6 Metadata Visualization

Heatmap of metadata

Change parameters for heatmap 
and click ‘Update’

Correlation analysis of covariates

Change correlation method and 
Click ‘Update’



7.7 Interactive PCA

TIP: Principal Component Analysis (PCA) on the data with 
multiple factors. For the score plot, the PCA are shown as 
scatter plot and contour plot. The scatter plot shows the details 
of all samples, while contour plot shows the distribution center 
of all samples. The density plot on the diagonal display the 
density of different groups at the corresponding PC based on 
the primary factor. A pair of dynamic 3D PCA can be explored 
and rotated easily.



7.8 Hierarchical Clustering and Heatmap Visualization

TIP: Clustering of the data 
can be performed with 
different methods or based 
on different factors. Edit the 
parameters and Click 
‘Update’ to view the heatmap



7.9 Covariate Adjustment with Linear Models

TIP: Find metabolites are 

significantly associated with your 

variable of interest (“Primary 

metadata”), after adjusting for 

covariates (“Include metadata”). After 

selecting the appropriate variables, 

click “Submit”.

Select appropriate variables then 
click ‘Submit’

TIP: The results plot compares p-values 

for each metabolite both before (x-axis) 

and after (y-axis) covariate adjustment. 

The green section shows features 

significant only after adjustment, red 

are significant only before adjustment, 

and blue are significant in both cases.

Click the paint icon to generate a 
high resolution results figure



7.10 Correlation Analysis

Select appropriate variables and 
parameters then click ‘Submit’

Top 25 most correlated 
peaks are plotted

Click table spread icon 
to view complete 
correlation results

Click ‘View’ for comparison of 
abundance



7.11 Two-way ANOVA (ANOVA2)

Select appropriate variables and 
parameters then click ‘Submit’ 

to update the Venn Diagram 
below. Click table spread icon to 

view more details.



7.12 ANOVA Simultaneous Component Analysis (ASCA)

Customize the parameters 
and click ‘Submit’.

View results from different tabs 
below the parameters panel.

TIP: To fully understand the 
mechanism of ASCA and 
interpret the results, please 
refer to the FAQs section of 
MetaboAnalyst.

https://www.metaboanalyst.ca/docs/Faqs.xhtml


7.15 Multivariate empirical Bayes (MEBA) time-series analysis

Customize the metadata included 
and click ‘Update’.

Select/Click feature name to 
view the time-series trend



7.14 Supervised Classification with Random Forest

TIP: To build a predictive model with 
only metabolites features, leave the 
default settings. If you’d like to include 
certain covariates in the model, add 
them using the “Choose metadata for 
predictors” dropdown.

Leave defaults and click 
‘Update’

The model does an o.k. job 
classifying samples as either 
“Low” or “Moderate / High”.

Look at the results overview



6.4 Result Downloading

Click the “Generate 
Report” to download a 
pdf report summarizing 

your analysis.



If you have any questions please read through the FAQs or contact us at 

Zhiqiang.pang[at]xialab.ca or jeff.xia[at]xialab.ca

Thanks


