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A B S T R A C T

Current research to explore genetic susceptibility factors in obsessive-compulsive disorder (OCD) has resulted in
the tentative identification of a small number of genes. However, findings have not been readily replicated. It is
now broadly accepted that a major limitation to this work is the heterogeneous nature of this disorder, and that
an approach incorporating OCD symptom dimensions in a quantitative manner may be more successful in
identifying both common as well as dimension-specific vulnerability genetic factors. As most existing genetic
datasets did not collect specific dimensional severity ratings, a specific method to reliably extract dimensional
ratings from the most widely used severity rating scale, the Yale-Brown Obsessive Compulsive Scale (YBOCS), for
OCD is needed. This project aims to develop and validate a novel algorithm to extrapolate specific dimensional
symptom severity ratings in OCD from the existing YBOCS for use in genetics and other neurobiological research.
To accomplish this goal, we used a large data set comprising adult subjects from three independent sites: the
Brazilian OCD Consortium, the Sunnybrook Health Sciences Centre in Toronto, Canada and the Hospital of
Bellvitge, in Barcelona, Spain. A multinomial logistic regression was proposed to model and predict the quan-
titative phenotype [i.e., the severity of each of the five homogeneous symptom dimensions of the Dimensional
YBOCS (DYBOCS)] in subjects who have only YBOCS (categorical) data. YBOCS and DYBOCS data obtained from
1183 subjects were used to build the model, which was tested with the leave-one-out cross-validation method.
The model's goodness of fit, accepting a deviation of up to three points in the predicted DYBOCS score, varied
from 78% (symmetry/order) to 84% (cleaning/contamination and hoarding dimensions). These results suggest
that this algorithm may be a valuable tool for extracting dimensional phenotypic data for neurobiological studies
in OCD.

1. Introduction

Obsessive-compulsive disorder (OCD) is a complex neurobiological
condition characterized by the presence of obsessions, or intrusive,
unwanted thoughts, which cannot be suppressed, and compulsions or

repetitive behaviors or mental acts (APA, 2013; Shavitt et al., 2014).
The etiology of this disorder is complex, with a strong genetic element
based on heritability estimates of approximately 40–65%, depending on
early versus post-adolescent age of onset (Mataix-Cols et al., 2013;
Pauls, 1992, 2010), presence of tics (Pauls et al., 1995), and sporadic or
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familial form (Pauls et al., 2014). In addition, rare variations (Cappi
et al., 2016) and epigenetic factors have been reported as relevant to
the clinical manifestations of OCD (Yue et al., 2016). Moreover, there is
robust evidence that different symptoms of this disorder may have
overlapping but distinct neurobiological substrates corresponding to
specific genetic features (Alonso et al., 2011; Cavallini et al., 2002;
Hasler et al., 2007; Katerberg et al., 2010a; Kohlrausch et al., 2016;
Lennertz et al., 2014; Taj et al., 2013).

Addressing the OCD phenotype for genetic studies has been a
challenge for researchers in the field and many studies have empha-
sized the relevance of using a dimensional approach (Aleman et al.,
2016; Lecrubier, 2008; Waszczuk et al., 2017). To this date, most stu-
dies have emphasized a four-factor model comprising: (I) repugnant/
harm obsessions (i.e. sexual, religious, harm-related, somatic) and
checking compulsions; (II) symmetry obsessions and repeating,
counting, and ordering compulsions; (III) contamination obsessions and
cleaning compulsions; and (IV) hoarding obsessions and compulsions
(Bloch et al., 2008). This biological heterogeneity based on primary
symptom dimensions has been supported by functional neuroimaging,
family history, age of onset, and response to pharmacotherapy (De Luca
et al., 2011; Harrison et al., 2013; Jhung et al., 2014; Mataix-Cols et al.,
2004; Pertusa et al., 2010; Rosario-Campos et al., 2001; Via et al.,
2014). Additional support is conferred from reports of individuals'
symptoms staying within the same symptom groups over time (shown
in adults and children) (Delorme et al., 2006; Mataix-Cols et al., 2002;
Rufer et al., 2005), despite the observation in clinical practice that
specific symptom types may change over the course of the disease.
Despite the delineation of distinct OCD subgroups obtained by ex-
ploratory factor analyses (EFA) of data from the Yale-Brown Obsessive-
Compulsive Scale [YBOCS] (Goodman et al., 1989a; Goodman et al.,
1989b); (Mataix-Cols et al., 2004; Leckman et al., 1997), one issue that
remains unresolved with this methodology is to what extent the se-
verity of each symptom dimension contributes to the observed pheno-
type. Furthermore, within a given individual, symptoms may coexist
from two or more factors simultaneously. Therefore, individuals cannot
easily be assigned to one predominant symptom “class”. Consequently,
there is a clear need for a novel, practical, readily available, and stan-
dardized way to quantitatively assess OCD symptoms across the dif-
fering dimensions present in a given individual, particularly for any
exploration of genetic vulnerability.

Factorial analyses allow for the characterization of the phenotype
based on the presence/absence of symptoms pertaining to each cate-
gory (Schooler et al., 2008; Katerberg et al., 2010b), but not on the
contribution of the severity of each symptom dimension to the overall
clinical severity. In this way, OCD genetic studies have potentially been
hampered by the heterogeneity of this illness, and it has been proposed
that analyses based on the quantitative measures of specific symptom
dimensions may thus be a powerful way to explore more genetically
homogeneous subgroups of OCD. To the best of our knowledge, no
study in the OCD field has ever tried to extract dimensional data (i.e.,
how severe?) from large datasets containing only categorical data
(present/absent). The novel approach proposed in the present study
aims to enable, for the first time, the determination of the severity of
individual symptom dimensions for a better delineation of the OCD
phenotypes. The approach based on separating the different types of
symptoms is a necessary first step in refining the OCD phenotype, but
the need to determine which group of symptoms is more relevant to the
observed clinical picture remains unattended. It is becoming increas-
ingly clear that all efforts to investigate the genetic basis of this con-
dition should take a symptom dimensional approach, as the few studies
that specifically examined genetic risk support both shared and unique
genetic vulnerability across these dimensions (Alonso et al., 2011;
Cavallini et al., 2002; Katerberg et al., 2010a; Kohlrausch et al., 2016;
Taj et al., 2013; Iervolino et al., 2011).

The phenomenology of OCD can be captured by structured inter-
views that can be self-reported or clinician administered, like the

YBOCS (Goodman et al., 1989a; Goodman et al., 1989b) and the Di-
mensional YBOCS (DYBOCS) (Rosario-Campos et al., 2006). Although
the YBOCS is the most widely used instrument in OCD studies inter-
nationally, it does not allow for the collection of quantitative data by
symptom type. By contrast, the DYBOCS was developed to assess the
presence and severity of five individual symptom dimensions and their
respective severity in patients with OCD, plus one miscellaneous di-
mension comprising symptoms of the OCD-related conditions. The
DYBOCS enables determination of the clinical relevance and severity of
each symptom dimension, as well as an overall OCD severity rating.
This dimensional approach seems particularly pertinent to the biolo-
gical investigation of a complex condition such as OCD. Thus, broad
consensus has emerged in the field for the need to explore OCD not as a
homogeneous diagnosis, but rather utilizing quantitative assessments of
these symptom factors.

Efforts to elucidate genetic risk factors in OCD have been underway
by several international centers. The recent genome-wide association
studies that searched for common DNA sequence variations predis-
posing individuals to OCD have not yielded genome-wide significant
results, but these datasets did not historically include any dimensional
measures to permit analysis based on symptom dimensions (Mattheisen
et al., 2014; Stewart et al., 2013). Future exploration with increased
attention to phenotypes, especially the consideration of subtypes of this
disorder, could result in greater success (Burmeister et al., 2008). If
there was a reliable way to extrapolate valid quantitative dimensional
data from the most widely used OCD scale (the YBOCS), the existing
international datasets could be re-explored in a more refined and
symptom-specific fashion.

The aim of this study was to develop and validate a novel, statistical
algorithm for the extraction of quantitative, symptom-dimension spe-
cific data for all symptoms in a given individual from the most com-
monly used OCD rating scale, the YBOCS. We used data from 1183
subjects from three independent international samples. We postulate
that this algorithm will allow for a more successful way in identifying
the neurobiological underpinnings of OCD, such as genetic vulner-
ability factors associated with specific OCD symptom dimensions.

2. Methods

This work was done with DYBOCS and YBOCS data obtained from
1183 adult patients with primary OCD, diagnosed according to DSM-IV
criteria, from three independent groups: the Brazilian OCD Research
Consortium (Miguel et al., 2008) (n = 912), the Anxiety Disorders
Clinic at the Centre for Addiction and Mental Health and the Frederick
W. Thompson Anxiety Disorders Centre at the Sunnybrook Health Sci-
ences Centre, Canada (n = 36) and the Hospital of Bellvitge, Barcelona,
Spain (n = 235). Data from the YBOCS and DYBOCS were obtained by
trained clinicians at the same point in time. All the work was developed
with de-identified data sets built over the years using data from dif-
ferent research projects approved by the local Ethics Committee at each
participant Institution. The funding for this study came from a joint
grant of the University of Sao Paulo and University of Toronto, process
number 13.1.13252.1.6, 2012.

In order to build an algorithm for extraction of a dimensional se-
verity score from the YBOCS, the first step was to recode DYBOCS data
into the YBOCS format for the Brazilian sample, since these subjects had
the severity ratings but not the symptom checklist from the YBOCS.
Table 1 shows the main features of the YBOCS and DYBOCS.

The YBOCS is more general than the DYBOCS in the characteriza-
tion of symptoms. For example, YBOCS symptom #64 is “I have mental
rituals (other than checking/counting)”, whereas the DYBOCS has five
symptoms related to mental rituals: “I have mental rituals, other than
checking, specifically related to: #30-sexual or religious obsessions;
obsessions of symmetry, exactness, or just right perceptions (#41);
contamination worries (#53); hoarding obsessions (#60) and somatic
worries (#64)”. Therefore, if a patient scores 2 (present) at YBOCS
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symptom #64, it is not possible to say they score 2 (present) at DYBOCS
#30, #41, #53, #60, or #64. However, if a patient scores 2 (present) at
DYBOCS symptom #30, it is possible to say that they score 2 (present)
at YBOCS symptom #64. All possible outcomes for scoring are pre-
sented in Table 2. There are three additional situations in which one
YBOCS symptom is related to more than one DYBOCS symptom: #26-
hoarding/saving obsessions (56,55,58); #32-need to know/remember
(31,66); #52-checking that will no harm others (Burmeister et al.,
2008; Goodman et al., 1989a). Additionally, four YBOCS symptoms
have no corresponding items in the DYBOCS (#7-fear will steal things;
#19-no concern with consequences of contamination other than how it
might feel; #30-obsession with need for symmetry accompanied by
magical thinking; #38-bothered by certain sounds/noises). Finally, the
questions that address avoidance in the DYBOCS are not captured in the
YBOCS and are not represented in the present algorithm.

Proceeding as above, we rewrote the DYBOCS data in the same
format as the YBOCS. Of note, a list of target symptoms and a global
severity score are available in both the YBOCS and DYBOCS. Thus, the
dimensional information present in the rewritten DYBOCS data is pre-
sented as in the YBOCS. To extract this information, multinomial lo-
gistic regressions have been fitted (for each homogeneous symptom
dimension: aggression, sexual/religious, symmetry/ordering, con-
tamination/cleaning and hoarding). The miscellaneous dimension did
not receive a model in this proposal due to its heterogeneous content,
which is non-informative for the purpose of refining the phenotype for
neurobiological research.

The multinomial regressions were built considering the DYBOCS
scores, ranging from 0 to 15, as the response variable, multinomially

distributed (Table 3).
The predictor variables were: (1) The weighted average number of

symptoms in each dimension (never = 0, past = 1, current = 2). In
spite of the fact that the miscellaneous dimension was not modeled, the
symptoms in the YBOCS checklist identified as belonging to this di-
mension were used to compose a predictor variable; (2) an indicator
variable of the presence of the YBOCS checklist target symptom in the
dimension being modeled (yes/no); (3) a YBOCS obsessions severity
score composed of the time, interference and distress sub-scores (range
0–12); (4) a YBOCS compulsions severity score composed of the time,
interference and distress sub-scores (range 0–12). The YBOCS questions
regarding resistance and control of obsessions and compulsions were
not included in the model because there are no corresponding questions
in the DYBOCS; (5) an indicator variable of the presence of each
symptom confirmed in the YBOCS checklist in the dimension being
modeled. The multinomial regressions were built avoiding redundancy
in the considered predictors. In addition, the stepwise method for
variable selection was used in all steps of modeling, further avoiding
collinearity.

The multinomial regressions, for each dimension, were built nesting
in a tree- structure binomial logistic model (Basu & Pereira, 1982;
Pereira & Stern, 2008). Fig. 1 illustrates the tree-structure binomial lo-
gistic regression using the aggression dimension as an example.

For each dimension, 15 dichotomizations were performed using a
partitioning cut-off given by the respective binomial regression,
through the maximization of the accuracy measures: sensitivity, spe-
cificity, positive and negative predictive value, obtained by the leave-
one-out cross validation. After determining the cut-offs, in each “node”
of this tree structure - i.e. in each bifurcation where the “ancestor”
subset is partitioned – there is a fitted binomial logistic regression in
which the predictors are selected by the stepwise method, avoiding
redundancy. Of note, for different binomial regressions, different pre-
dictors were selected, taking into consideration the number of available
observations. A minimum of 10 observations per predictor was con-
sidered, as recommended by Hosmer et al. (2013), in order to enable an
adequate sample size to be analyzed.

Once the multinomial regression was fitted, we performed, for each
dimension, a leave-one-out cross validation. Each subject was left out of
the sample that fitted the binomial regressions. For each binomial re-
gression we calculated an optimal probability cut-off for classification
based in ROC curves. Then, we classified the left-out subject sequen-
tially, based on the built tree structure, passing from each respective
node (“ancestor” subset) to one of two possibilities (“descendant”
subsets), until reaching one of the terminal nodes, which corresponds to
one of the possible values of the DYBOCS score (0 to 15).

Table 1
Main features of the Yale-Brown Obsessive-Compulsive Scale (YBOCS) and the Dimensional Yale-Brown Obsessive-Compulsive Scale (DYBOCS).

YBOCS DYBOCS

List of 74 OCD symptoms, divided into 8 categories of obsessions and 7 categories of
compulsions, that can be rated as absent (0), or present (1)
For a better comparison with the DYBCOS and the purpose of the analyses
performed in the current study each item was scored as absent (0), past (1) or
present (2)

List of 88 OCD symptoms, that can be rated as absent (0), past (1) or present (2),
divided into six symptom dimensions:

(1) obsessions/compulsions about harm due to aggression/injury/violence/natural
disasters

(2) obsessions/compulsions of sexual/moral/religious content
(3) obsessions/compulsions concerning symmetry/counting/ordering/arranging
(4) contamination obsessions and cleaning compulsions
(5) obsessions and compulsions related to hoarding and
(6) miscellaneous obsessions and compulsions (including somatic concerns and

superstitions)
List of the most severe (target) symptoms (3 to 5 obsessions and 3 to 5 compulsions

depending on the version used)
List of 3 target symptoms (obsessions or compulsions)

Global severity scale based on time, interference, distress (ranging from 0 - none - to 4 -
extreme), resistance (from 0 - always resists - to 4 - completely yields) and control
(from 0 - complete control - to 4 - no control) over obsessions and compulsions

Individual severity scales for each dimension that takes into account time (0–5), distress
(0–5) and interference (0–5) caused by symptoms (range 0–15) plus a global severity
scale based on symptom severity (time, distress and interference range 0–15) and
impairment (range 0–15)

Table 2
Rewriting DYBOCS data in the YBOCS format: an example using DYBOCS symptoms # 30,
41 and 64.

DY-BOCS #30 DY-BOCS #41 Y-BOCS #64

0 0 → 0
0 1 → 1
1 0 → 1
1 1 → 1
0 2 → 2
2 0 → 2
1 2 → 2
2 1 → 2
2 2 → 2

0 = absent; 1 = past; 2 = present.
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The validation was carried out twice: first, the variable “site” was
considered as a predictor in the model; next, the validation without
considering the subject's site of origin was performed and there were no
significant differences in the results of the two analyses. The latter are
presented in the Results section, in the format of observed versus pre-
dicted cross tables and the respective accuracies. Such accuracies va-
lidate the proposed algorithm.

All analyses were conducted in R 3.4.0 (R Core Team, 2014). The
package “MASS” was used for performing the stepwise method
(Venables & Ripley, 2002).

3. Results

The results of the cross validation for the aggression dimension are
shown, as an example, in Table 4. The other dimensions were similarly
tested and their results are available in the supplementary material
section. The main diagonal line, marked with the darkest shade, has the
number of subjects for whom the predicted DYBOCS values were equal
to the directly observed DYBOCS values (in this diagonal, the model is
100% right). At both sides of the main diagonal there are diagonals in

lighter shades showing the number of subjects for whom the predicted
DYBOCS values differed from the observed values by 1, 2, or 3 points.
The darker shade is where we would like to see the largest number of
subjects.

Using this approach, we would consider a model to have a good
predictive capacity if the majority of subjects stayed close to the main
diagonal. We calculated the proportions of subjects in which the model
predicted correctly (accuracy) for 0, 1, 2, 3 and 4 points of deviation.
Considering our sample size and the number of covariates, a deviation
of up to 3 points in each direction in the predicted DYBOCS score re-
vealed the best compromise between the predictive capacity of our
model and the phenotype to be studied. According to this criterion,
81.91% of subjects stayed in the shaded regions of aggression. Table 5
summarizes the model's goodness of fit for all symptom dimensions.

A package containing the algorithm's equation and the instructions
for using the R software is available upon request.

4. Discussion

This study describes the development of a statistical algorithm for

Fig. 1. Binomial regressions structured for the aggression
dimension.

Table 3
Multinomial distribution of the DYBOCS scores.

DYBOCS dimension DYBOCS score Total

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Aggression 415 8 15 28 33 49 53 62 58 109 77 79 89 47 35 26
Sexual/religious 627 8 8 41 28 28 41 50 46 70 46 56 71 27 19 17
Symmetry/ordering 295 8 26 36 37 53 63 55 71 106 94 87 116 66 38 32
Cleaning/contamination 414 5 8 41 25 37 51 48 58 94 65 78 115 70 47 27
Hoarding 660 13 40 58 49 38 70 49 41 44 36 23 33 17 9 3 1183
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the extraction of quantitative, specific symptom-dimension data from
the most commonly used OCD rating scale, the YBOCS. We utilized a
large data set derived from three independent international centers,
which specialize in OCD, to create and validate the model. The model's
goodness of fit, accepting a deviation of up to three points in the pre-
dicted DYBOCS score for each individual symptom dimension, varied
between 78% (symmetry/order dimension) to 84% (cleaning/con-
tamination and hoarding dimensions). The main objective of this al-
gorithm was to enable the extraction of dimensional data from in-
formation obtained with a categorical interview. Such dimensional data
would be more suitable for OCD genetic and biological studies. If, de-
spite a deviation of up to three points in the predicted DYBOCS scores,
this algorithm allowed us to classify subjects with OCD who differ in
terms of their most severe symptom dimensions, we believe it has
served the intended purpose.

We could argue that the concordance between predicted and ob-
served values would be expected to be higher for behaviors that are
more homogeneous and derived from fewer questions in the checklists
(i.e., hoarding and contamination/cleaning) than for dimensions com-
posed of numerous and diverse symptoms (i.e., sexual/religious ob-
sessions and mental rituals, or need for symmetry and ordering beha-
viors). Nevertheless, the observation of high concordance rates for all
dimensions suggests that this algorithm may be used to extract quan-
titative dimensional data from the YBOCS in order to refine analyses of

neurobiological data. Our results also support the relevance of the
DYBOCS (Rosario-Campos et al., 2006) as a standard instrument to
evaluate OCD symptom dimensions for the purposes of neurobiological
research.

This algorithm may prove particularly useful in analyses of genetics
data. While a number of international sites have amassed large OCD
genetic databases, most of these sites did not collect dimensional data
for subjects. Thus, despite recognition of the importance of utilizing a
symptom dimension approach, this type of analysis could not have been
done currently in these existing datasets. Collection of new and larger
datasets can be prohibitively expensive. Our results yield a working
statistical algorithm, which could be used in these worldwide available
resources for further genetic and neurobiological interrogation. It seems
likely that this would translate into clearer identification of suscept-
ibility genes and/or biological markers and substrates for this complex
and severe condition.

The objective of our study was to build and test an algorithm that
allows the extraction of quantitative information on symptom dimen-
sions from Y-BOCS categorical data. Previous findings suggest that D-
YBOCS scores are useful to detect genetic differences between symptom
dimensions in OCD patients (Alonso et al., 2012). Still, it is unclear
whether this new approach actually yields superior genetic findings
than the former YBOCS algorithm method. Therefore, a convergence
study between the former YBOCS method and the algorithm proposed
in this study is warranted in the near future in order to confirm the
utility of our algorithm in genetic studies.

Some limitations of this study merit consideration. The first con-
cerns our sample size. Due to the lack of similar studies conducted so
far, we could not perform a classical power calculation. On the other
hand, we worked with the largest available sample in the world with
data collected with both the DYBOCS and YBOCS, comprising 1183
subjects. In addition, we complied with the recommendation of the
literature to run each regression with at least 10 observations per
predictor. Second, the proposed algorithm did not predict severity
scores to symptoms pertaining to the miscellaneous dimension, re-
sulting in a certain loss of information in the conversion of YBOCS into
DYBOCS data. However, we need to consider that this was due to the
nature of this study, focused on defining more homogeneous OCD
phenotypes for neurobiological research. Importantly, this algorithm
could be used with regard to any symptom dimension, including the
miscellaneous, in future studies with different objectives. Another as-
pect that merits consideration is the subjective choice of methodology.

Table 5
Goodness of fit of the statistical model for each symptom dimension in 1183 subjects with
Obsessive-Compulsive Disorder.

− ∨ ≤Y Yk k 0 1 2 3 4

Dimension 1 (Aggression) 45% 61% 74% 82% 88%
Dimension 2 (Sexual/Religious) 58% 66% 74% 81% 86%
Dimension 3 (Symmetry) 37% 54% 67% 78% 85%
Dimension 4 (Contamination) 47% 62% 75% 84% 91%
Dimension 5 (Hoarding) 61% 70% 78% 84% 89%

Yk = observed DYBOCS severity score. Ŷk = respective predicted DYBOCS severity
score. The first column (0) shows the proportion of subjects whose predicted values were
equal to the observed values. The second, third and fourth columns show, respectively,
the proportions of subjects whose observed values had a deviation from the predicted
values of 1, 2, 3 or 4 points.

Table 4
Results of the leave-one-out cross validation for the aggression dimension in 1183 patients
with Obsessive-Compulsive Disorder.
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Other methods might have provided better and/or different results.
However, to our knowledge, this is the first study that attempts to ad-
dress what is now recognized as a limitation of the YBOCS to neuro-
biological researchers, namely the lack of quantitative, specific
symptom-dimension data. Although our results were less than perfect,
until now, researchers have typically derived their own formulas ad
hoc, without testing or validation, using a weighted average of the
number of checklist symptoms per dimension. However, the lack of
standardized approach has made comparisons between studies utilizing
different methods difficult. Our proposed approach represents a better
and validated alternative.

5. Conclusions and future directions

The main contribution of the algorithm developed in this study is to
allow for the generation of more refined dimensional phenotypes in
datasets that have already been collected with older instruments
without symptom subtype scales. The statistical procedure proposed in
the current study seems useful for generating dimensional severity
ratings from existing YBOCS severity scores. Since our knowledge of the
etiopathological mechanisms that lead to OCD is limited, the identifi-
cation of genetic risk factors for this disorder may provide a better
understanding of its etiology. In addition, genetic findings may lead to
the identification of targeted and specific treatments that would im-
prove the long-term outcome for subjects suffering from this condition.
Finally, the development of this algorithm may have implications that
go well beyond the genetics field. Other neurobiological studies such as
those focusing on neuroimaging, phenomenology or treatment may
benefit from the alternative to analyze YBOCS data in a dimensional
fashion.

Ethical statement

This work was developed exclusively with de-identified data sets
built over the years using data from different research projects ap-
proved by the local Ethics Committee at each participant Institution.
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