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1. Introduction

The analysis of the human microbiome is very important for the maintenance of human health and the
possible early diagnosis of diseases. The so-called dysbiosis of the microbiome, that is the disruption of
the state of equilibrium between “good” and “bad” bacteria, can trigger several disease conditions and
disturbs [1, 2]. For example, through the microbiome-gut-brain axis, there is evidence of a correlation
between alterations in the microbiome and neurodevelopmental conditions, such as Autism Spectrum
Disorder (ASD) [3, 4]. Another relevant disease that has shown to be correlated with the microbiome is
the Colorectal Cancer (CRC): several studies identified changes in the composition of the gut microbiome
associated with CRC progression [5, 4]. In this context, the analysis of the microbiome would represent
a non-invasive solution, that would complement other approaches, such as the FIT analysis [6].

The adoption of machine learning techniques can nowadays accelerate the construction of novel
predictive models for the early and non-invasive diagnosis of diseases and disturbs from microbiome data.
However, while the adoption of these algorithms could facilitate the identification of novel biomarkers,
there are numerous challenges to be faced when working with microbiome data [7]. Among the main
challenges, it is worth mentioning the high dimensionality, the data sparsity, the high variability and
heterogeneity, and data compositionality.

Following this line of research, we propose a novel machine learning approach to analyze human
microbiome data to build a predictive model for a non-invasive diagnosis of ASD and CRC, that is able
to handle such challenges.

2. The proposed method

Microbiome data are collections of counts for a wide range of Operational Taxonomic Units (OTUs),
namely, counts at a given level of detail (genus, species, families, etc.) observed in fecal samples. They
are usually expressed as relative abundances, thus introducing data compositionality. In order to handle
the high variability and the issues raised by data compositionality, we rely on the pseudo Centered Log
Ratio normalization (CLR) [8].

On the other hand, we handle the high dimensionality and sparsity of microbiome data through a
specific kind of neural network, based on Autoencoders (AEs). AEs usually exhibit a funnel-shaped
structure, that aims to learn a compressed representation, such that data provided to the input layer is
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Figure 1: The proposed approach for the prediction of disease/disorder conditions from gut microbiome data,
based on a Supervised Autoencoder (SAE).

accurately reconstructed in the output layer. However, standard AEs tend to discard the actual label (i.e.,
diagnosis, in our case) of training instances (i.e., individuals, in our case) while learning the compressed
space. The novelty of our approach with respect to other works [9, 10] consists in the exploitation of the
actual diagnosis of individuals during the training of a supervised autoencoder (SAE), that is performed
by simultaneously optimizing a reconstruction loss (RL) and a classification loss (CL). We measure the
RL through the Mean Squared Error (MSE) computed between the input and the reconstructed output,
while we measure the CL through the Binary Cross Entropy. The combined loss is then computed as
the linear combination of these losses, where o € [0; 1] (resp., 1 — «) represents the weight provided to
the reconstruction loss (resp., classification loss).

The bottleneck layer of the trained autoencoder is then used as input to learn a classification model
based on Random Forests (RF). A figure depicting the proposed method is shown in Fig. 1.

3. Results and discussion

We focus our experiments on the diagnosis performed on two public datasets about CRC and ASD
. All the experiments were conducted using a stratified 5-fold cross validation, collecting precision,
recall and F1-score. For comparison, we considered the results obtained: i) without reducing the data
dimensionality; ii) by reducing the input space through PCA; iii) with a standard (unsupervised) AE.
We also experimented with different values of « to assess its influence on the results of our SAE.

For both datasets, the proposed architecture proved to be able to consider the label of training
instances (i.e., known diagnosis), during the identification of the optimal compression of the data.
Indeed, the proposed SAE led to better results in comparison with classifiers learned from the original
features, as well as to those learned after the application of the PCA or the standard AE. Specifically, we
observed an improvement in terms of macro F1 score of 5.6% (with o = 0.5) on the ASD dataset, and of
32% on the CRC dataset (with o = 0.7) over the results obtained from the original features. While other
values of a did not provide the same improvement, the obtained results were almost always higher
than those achieved by training the classifier from the original features.

In the future, we will integrate an explainability component to identify which bacteria mostly
contributed to making the diagnosis. We will also extend our method to work in a semi-supervised
setting to also exploit unlabeled instances.
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A. Online Resources

The source code and data are publicly available, as follows:

+ GitHub (source code): https://github.com/VeronicaButtaro98/SAE-microbiome
+ CRC dataset: https://hackmd.io/@laurichil3/rJt3ewZut
+ ASD dataset: https://www.kaggle.com/datasets/antaresnyc/human-gut-microbiome-with-asd
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