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Applications of AI in healthcare

[Source: Sherlock in Health, How Artificial Intelligence may improve quality and efficiency whilst reducing healthcare costs in Europe; 
pwc, June 2017]
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Introduction to Metabolomics

[Gonzalez-Covarrubias et al. 2022; Zhang et al. 2015; Zhang et al. 2020]

• Definition: study of small molecules, 
commonly known as metabolites, within
an organism

• Matrices: cells, tissues, body fluids (urine, 
serum, plasma, CSF etc.)

• Applications: 

Nutrition Science, Drug Development,   

Diagnostics: Alzheimer‘s disease,    

Diabetes, Prostate cancer, CVD etc.

→ Clinical metabolomics

• Technology: Mass spectrometry (MS), 
NMR (nuclear magnetic resonance)

Source: https://www.frontiersin.org/articles/10.3389/fchem.2019.00319/full

Source: https://www.mtidx.com/our-technology/metabolomics

https://www.frontiersin.org/articles/10.3389/fchem.2019.00319/full
https://www.mtidx.com/our-technology/metabolomics
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NMR – the technology in a nutshell

Different chemical 
environments cause the NMR 
signal to be slightly “out of 
tune” with nominal resonance 
frequency (chemical shift)     
→ NMR spectrum

• One substance can be associated 
with one or multiple signals

• Integrals of signals are 
proportional to concentrations of 
corresponding substances
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NMR data can be quite challenging

Complex Correlation Structure 

Noise, Shifts, Overlaps

• Dirty (background etc.)
• Noisy
• Redundant (multi-collinearity)
• Variations in chemical shift
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NMR data needs to be processed

REFERENCING PHASE CORRECTION BACKGROUND TREATMENT
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NMR data needs to be processed (cont.)

BINNING SPECTRAL FITTING

NOISE REGIONS
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Metabolomics workflow

Source: https://www.scielo.br/j/aem/a/yqQ9KFBbVwJPsjdWDwMkSwB/?lang=en#

Translation into
clinical practice

https://www.scielo.br/j/aem/a/yqQ9KFBbVwJPsjdWDwMkSwB/?lang=en
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Analysis of metabolomics data

[Corsaro et al. 2022; Debik et al. 2021; Pomyen et al. 2020]

Data (Pre-) 
Processing

• Phasing

• Baseline correction

• Binning

• Normalization

• Scaling

• Transformation

• Outlier detection

• Missing value
imputation

• Etc.

Data Analysis

• Univariate testing:
t-Test, ANOVA, chi-
square …

• Dimensionality
reduction: PCA, PLS

• Clustering: k-means, 
SOMs

• Regression: PCR, PLS

• Classification: 
(O)PLS-DA, SVM, RF, 
logistic regression

• Etc.

Biological 
interpretation

• Pathway analysis: 
ORA, FCS

Deep Learning: application still limited, in particular data pre-processing
(CNNs!), more comprehensive applications in other omic domains
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CHALLENGES OPPORTUNITIES

Opportunities and Challenges of Clinical Metabolomics
[Gonzalez-Covarrubias et al. 2022; Tebani et al. 2016; Zhang et al. 2015]

Biomarker 
validation

Biomarker
discovery

Standard-
ization

& 
Automation

Detection
of rare 

diseases

High-
throughput

analysis

Metabolite 
identification
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Overall challenge: necessity for good data

CorrectComplete

Represen-
tative

Balanced

…Unbiased

Garbage in, garbage out …

[Source: xkcd]

Big Data versus Smart Data
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Benefits and Challenges from AI in healthcare

[Source: Sherlock in Health, How Artificial Intelligence may improve quality and efficiency whilst reducing healthcare costs in Europe; 
pwc, June 2017
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Europe USA

• requires CE mark!
• QMS necessary (ISO 13485)
• Conformity assessments (CE 

mark certifies that medical
device complies with
MDR/IVDR)

• Regulations:                        
MDR ((EU) 2017/745),        
IVDR ((EU) 2017/746)

• 4 risk classes according to
MDR (risk I, IIa, IIb, III)

• 4 risk classes according to
IVDR (A, B, C, D)

• Notified body (e.g. TÜV)

• Responsible: FDA
• Types of submission:

• Premarket
Notification (510k)

• Premarket
Approval (PMA)

• De Novo

[Source: https://leonresearch.com/medical-devices-europe-mdr-2017-745/]

Translation into clinical practice (Registration and 

Regulations)

https://leonresearch.com/medical-devices-europe-mdr-2017-745/


15

FDA-Guideline: Good Machine Learning Practice for

Medical Device Development (GMLP, October 2021)
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FDA-approved AI-based medical technologies
https://medicalfuturist.com/fda-approved-ai-based-algorithms/

[Source: Benjamens S, Dhunnoo P, Meskó B. The state of artificial intelligence-based FDA-approved medical devices and algorithms: an online 
database. NPJ Digit Med. 2020;3:118. Published 2020 Sep 11. doi:10.1038/s41746-020-00324-0]

https://medicalfuturist.com/fda-approved-ai-based-algorithms/
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Thank you for your attention

Dr. Sindy Neumann

Head of Biostatistics, numares AG

sindy.neumann@numares.com


