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Abstract. Nutritional Genomics studies diet-gene-disease interactions
and aims to promote health and disease prevention. It is based on the
idea that everything ingested into a person’s body affects the genome of
the individual and, therefore, both genes and nutrients modify the same
metabolic processes. This paper presents an application of clustering and
interpretation over real heterogeneous data coming from a nutritional
study. The individuals are clustered by their diet and physical activity
habits and the resulting clustering is interpreted. This work is part of a
methodology to deal with data from dietary intervention studies.

1

Introduction

Nutrition has an active role in the people’s health. In last decade the efforts
of nutrition are oriented to the personalized diet. They wonder Why apparently
similar persons have different responses to the same nutrient? For answering
this question several clinical studies have been performed. In addition with the
enormous advances in genomics, those studies can include genetic information
to obtain a new view of why nutrients affect persons in a different way [31].
This field is emerging as important new research area. The reason is that it is
becoming increasingly evident that damage to genome is the most fundamental
disease. A risk for developing a disease increases with DNA damage, which is
dependent on nutritional status and an optimal dietary intake. These genes are
involved directly or indirectly in the uptake and metabolism of nutrients [9].
In this work we will analyze part of the data coming from a nutritional genomic trial. This trial is a randomized dietary intervention study for relating
the gene expression with the Mediterranean diet. This study collects different
information such as biometric, sociodemographic characteristics, as well as clinical test. Also, it includes a survey about their habits both diet and physical
activity. The aim of this work is to cluster the individuals depending on these
habits. This is a step of a methodology which is being defined for finding the
diet effect, but locally to each one of the profiles of persons, in such a way that
the complex interactions can be decomposed.
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The data set of diet and physical activity habits is heterogeneous. Therefore,
the clustering has to be adapted to this type of data. In this work, we use a
hierarchical clustering using the Gower’s metric to handle both numerical and
categorical attributes.
A good characterization and interpretation of the resulting clusters is very
important in this kind of applications. In this paper, the interpretation of these
clusters is done by means of a graphical representation of the attributes against
the clusters.

2

Related Work

Advances in Nutritional Genomics are being enormous in last years. Specially
since the gene expression can be translated into microarrays formats which can
be afterwards analyzed. Thus, this genomic data can be involved in studies such
as the dietary intervention pre-post studies. Notwithstanding, there is still a long
way before a highly personalized diet can be reached [31].
The publications in nutritional genomics are multiple but not all reliable as it
is explained in [27]. In this review of the gene-environmental factor interactions,
it is reported that in many studies there is a lack of statistical significance,
many published results are contradictory, and in addition, many studies are not
reproducible.
In [14] is pointed out a need for new methodologies to analyze the efficacy
of interventions when contextual factors that can interact with the intervention
itself are not all well-known. These conditions make difficult to design a correct
pre-post studies as they were initially conceived and decrease the reliability of
the provided results. The traditional techniques used in these studies not always
extract all relevant information from data.
In the particular field of nutrition, several nutritional intervention trials can
be found. As an example, the one conducted in Linxian, China: Dysplasia and
General Population Trial [43]. They tested the effect of multiple vitamins and
minerals in the prevention of esophageal cancer. Basic statistical pairwise test
are mainly used to conclude in these kind of studies.
Few works are found in this field using clustering. Next works are about environmental factors including diet but do not include an intervention. In [24],
diet and other lifestyle factors are analyzed using k-means. In [37], individuals are clustered depending on their diet, physical activity and anthropometric
characteristics. In other medical fields, some references are found about epidemiological pre-post studies which introduce some AI techniques for the analysis.
In [5], the hypertension is studied in Korea with Insurance data by comparing logistic regression, decision trees and association rules. In [38], statistical
models and association rules were used to study the comorbidity of attention
deficit-hyperactivity disorder in Taiwan.
Within the specific field of nutritional genomics, clustering using data generated by gene expression profiling can be used to identify sub-populations of
subjects that respond differently to a given diet intervention. Nevertheless, few
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works are found using clustering. Working with animals, in [28] clustering was
used to typify the different kind of diets of a set of cows with more o less fats.
An interesting antecedent is [40] focused on clustering a human subcutaneous
adipose tissue gene expression data obtained during low-calorie diet intervention
to aid in the prediction of 6-month weight loss maintenance. This work timidly
points to a need of local studies over the different groups of intervention.
2.1

Cluster Interpretation

In many data mining processes there is still a gap between raw data mining
results and effective decision-making. Postprocessing data mining results to approach them to the decision makers is crucial for an impact of the analysis
on reality. Some works points to this issue [6, 17] and for the particular case
of clustering interpretation and conceptualization of clusters is a key issue to
this purpose. Some ideas have been developed in previous works [2, 15, 11, 12,
36]. The main assumption is that the resulting clusters are different, at least,
in base to the data used to create them. Thus, one could expect that not every attribute will be of equal importance when describing the different groups
(clusters). Therefore, a comparative analysis between the attributes that have
similar values together in the different clusters can be conducted, which provides
new insights into the complexity of the cluster description. In [4], they rank the
attributes involved into the clustering with logWorth. This index is based on
p-values which are assessed with the χ2 -Independence Test.
Efforts in cluster interpretation also aims at visualizing the attributes through
the resulting clusters. In [21] the means of the standardized attributes are displayed for every cluster. Besides, Class Panels Graphs are introduced in [15] as
a graphical representation in form of panel, containing attributes in the columns
and clusters in the rows. Conditional distributions of the attributes against the
clusters are shown per column. This visualization is interesting to understand
better the meaning of the clusters [13] and it is used in this work.

3

Methodology proposal

Nowadays, results obtained from classical pre-post studies are based on traditional and often basic, statistical techniques. Till now, these techniques have
not been expressive enough to allow the extraction of complex relationships.
The level and degree of interactions between different subset of attributes is too
complex, in this context, to be captured by simple data analysis or pre-post
statistical testing.
This work focuses on finding the profiles of the individuals before they started
the dietary intervention. This purpose belongs to the proposal of a general
methodology [34] which will help to cluster the individuals properly for subsequently analyzing the pre-post effects. This classification allows to decompose
the posterior intervention analysis in such a way that the effect can be studied
locally to these profiles.
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Most of the clinical studies refer to numerical data. However, categorical
attributes may be also of importance for the analysis. Upon [1], three main
strategies may be followed in front of mixed data: i) Partitioning: analyzing
the dominant type; ii) Converting: all attributes to a unique type, conserving
as much original information as possible; iii) Compatibility measures: allowing
clustering on heterogeneous data matrices without transforming the attributes
themselves. Main advantages of the later approach are no loss of information, no
need to take previous arbitrary decisions which can bias results, allowing studies
with all types of attributes together, and the analysis of interactions between
attributes of different types. In the literature, several proposals are found [16].
In this work Gower [19] is used for those algorithms where it is available and
Heterogeneous Euclidean-Overlap Metric (HEOM)[42] for the other ones.
For this first step, hierarchical clustering based on Ward’s method is used
[41]. The Ward’s method aims at finding compact and distinguishable clusters.
The Ward’s method is widely used because it is a criterion related to the quantity
of information of the clusters, and the resulting clusters can be often interpreted
easily. Hierarchical clustering does not need number of clusters as input.
Criteria to cut the dendrogram is based on optimal Calisnki-Harabasz Index [3].Calinsky-Harabasz is a compromise between both the between-cluster
distance and the within-cluster distance.
Then, the resulting partition is compared with partitions obtained by using different clustering methods, on the basis of the performance computed
by 10 cluster validity indexes available in R [32]: Dunn [20], Pearson version
of Hubert’s gamma coefficient (Pearson)[20], average of silhouette width [33],
Calinsky-Harabasz Index (CH)[3], average distance between clusters, minimum
cluster separation, Separation index [23], average distance within clusters, Goodman and Kruskal’s G3 index [18] and maximum cluster diameter [23].
The resulting clusters are interpreted using Class Panel Graphs [15] as the
interpretation support tool.

4

Application & Results

As said before, the data used in this work comes from a real nutritional genomic
study. Dietary habits are described through 14 categorical attributes; these attributes follow same questionnaire published in [26]. Physical activity is designed
through 10 numerical attributes reporting weekly and daily activity as well as
totals. Only the 4 attributes referred to the physical activity per week are used
to avoid redundancies.
Therefore, the clustering is applied over these 18 selected attributes. As it
was mentioned, a hierarchical clustering based on Ward’s method with Gower’s
metrics is performed. The dendrogram of the resulting clustering is depicted
in Fig. 1a. Also, in Fig. 1b, the histogram of level indexes of the dendrogram
is shown. From these figures, it is possible to determine a convenient cut in 3
clusters according to max leaps in the graphics: H = {H1 , H2 , H3 } (consistent
with Calinski-Harabasz recommendation).
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Fig. 1: Hierarchical clustering with Ward’s Method for Diet and Physical Activity

Partition Specifics

H
P1

3 0.15 0.30 0.13 13.24 0.33 0.09 0.11 0.27 0.30 0.58 Ward’s Method [41], Gower dist

P2

3 0.16 0.27 0.12

7.04 0.36 0.09 0.11 0.29 0.33 0.58 Complete Linkage method[35], Gower
dist

P3

3 0.11 0.29 0.08

7.74 0.34 0.07 0.09 0.28 0.32 0.67 Model-Based Clustering [10]. 3 mixtures,
model "EEE", ellipsoidal distribution,
equal shapes and volumes, HOEM dist

P4

6 0.20 0.29 -0.08

3.23 0.34 0.13 0.13 0.28 0.31 0.65 DBSCAN[8]. Epsilon:0.13, min. points:2,
HOEM dist

P5

3 0.04 0.10 0.03

4.25 0.32 0.03 0.05 0.30 0.44 0.71 k-means [29]. Max iterations: 1000, 3
clusters, HOEM dist.

3 0.10 0.30 0.14 14.72 0.33 0.06 0.07 0.27 0.29 0.63 PAM [25]. Gower dist, 3 clusters, selection by Calinski-Harabasz

Table 1: Cluster Validation Indexes. The two best values are in bold.
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Table 1 describes the obtained partition, together with the results obtained
with other 5 methods for comparison. R software [32] has been used for all cases,
with packages: stats, StatMatch [7], cluster[30], mclust[10], fpc[22], MASS[39].
For every partition, the 10 cluster validity indexes introduced in section 3 have
been evaluated (Table 1). The first 7 indexes indicates better quality with higher
values; the last 3 with lower values.
It is possible to observe from this Table 1 that H and P1 partitions generally
perform better than the rest while P4 and P5 have the worst index values. For
instance, partition P4 has one cluster which contains most of the instances, that
is why the diameter is so high. Also, its Dunn index (based on separation) is
higher because the rest of the clusters are small and isolated. Between H and P1
small differences are observed but H improves P1 in 4 of the 10 indexes while
P1 improves H in 3. Thus H is going to be interpreted in next section.
4.1

Cluster Interpretation

Class panel graphs are used to visualize empirical conditional distributions of
attributes against clusters as it is shown in Table 2 and Table 3. Table 2 shows
the 14 diet attributes and in Table 3, the original 10 physical attributes. Based
on these Class Panel Graphs the following profiles can be described.
H1 is a cluster that eats more vegetables but less fresh fruit. Comparing with
other clusters, they consume a lower quantity of red meat, less legumes and
commercial bakery. In addition, this cluster eats more fish than H2 . Their
exercise is low in general, but some does from light to hard physical activity.
H2 contains some persons that consume less oil per day. Comparing with other
clusters, their consumption of red meat is higher and they use slightly more
butter and takes more gas drinks. They eat less fish and nuts than other
clusters. This cluster is the one which practices less physical activity.
H3 is a cluster that eats more fresh fruit than other clusters. They eat few
portions of red meat and uses less butter. This cluster eats some fish and
consumes more commercial bakery and nuts than the rest of clusters. This
cluster practices slightly more physical activity with a significant proportion
of persons doing moderate physical activity.
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Conclusions

In this work we have introduced the drawbacks of the nutritional genomics and
how AI techniques can help in extracting knowledge from data. As a first step
to solve these difficulties, we have presented the classification of the individuals
before the dietary intervention. Although few works are found, we are convinced
that using clustering for finding patterns of response to diet may be of help to
assist decision making in diet design. Therefore, clustering can bring light to
this aspect because it can identify multivariate patterns in a more natural way
without requiring a clear previous knowledge about the laws governing the target
phenomena. Finding a prior substructure of the problem can make easier to get
richer models.
Besides, the evaluation of the resulting clusters based on cluster validity
indexes has been successful. Notwithstanding, the main goal achieved is the use
of clustering with heterogeneous real data and the visualization to assists the
interpretation of the resulting classes. Regarding cluster interpretation, not many
research works are found in the literature. Methods or tools for obtaining and
helping cluster interpretation seem to be a problem not yet solved.
Experts have found meaningful the composed profiles from a medical point
of view. Thus, their validation of the interpretation has been positive.
Next steps will focus on finding the diet intervention effect locally to these
obtaining profiles.

6
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