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Abstract

Given diverse symptom expression and high rates of comorbid conditions, the present study 

explored underlying commonalities among OCD-affected children and adolescents to better 

conceptualize disorder presentation and associated features. Data from 830 OCD-affected 

participants presenting to OCD specialty centers was aggregated. Dependent mixture modeling 

was used to examine latent clusters based on their age- and gender adjusted symptom severity 

(as measured by the Children’s Yale-Brown Obsessive-Compulsive Scale; CY-BOCS), symptom 

type (as measured by factor scores calculated from the CY-BOCS symptom checklist), and 

comorbid diagnoses (as assessed via diagnostic interviews). Fit statistics favored a four-cluster 

model with groups distinguished primarily by symptom expression and comorbidity type. Fit 

indices for 3–7 cluster models were only marginally different and characteristics of the clusters 

remained largely stable between solutions with small clusters of distinct presentations added 

in more complex models. Rather than identifying a single classification system, the findings 

support the utility of integrating dimensional, developmental, and transdiagnostic information in 

the conceptualization of OCD-affected children and adolescents. Identified clusters point to the 

centrality of contamination concerns to OCD, relationships between broader symptom expression 

and higher levels of comorbidity, and the potential for complex/neurodevelopmental presentations.
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Background

Obsessive compulsive disorder (OCD) is an impairing psychiatric condition affecting 

approximately 1% of individuals across the lifespan [1], with onset commonly occurring 

between childhood and late adolescence [2]. Rather than topically-specific, OCD is defined 

by a psychopathological relationship (i.e., unwanted/distressing internal experiences that 

are avoided, reduced, or escaped via repetitive action [3], resulting in diverse symptom 

expression that appears influenced by developmental factors [4–6], and interactions with 

common comorbid concerns [7–9], such as anxiety, tic, and attention deficit hyperactivity 

disorders (ADHD) [10].

Identifying clusters of OCD-affected children and adolescents based on symptom 

expression, comorbid psychopathology, and demographic factors is consistent with 

recommendations towards dimensional and psychometrically-informed conceptualizations 

of psychopathology [11], and may shed additional light on common clinical presentations, 

offer insights regarding potential underlying transdiagnostic processes, and lead to 

improved specificity of care [12]. Various methods have previously been utilized to 

explore shared characteristics among OC-presentations. Factor analysis of the symptom 

checklist of the Children’s Yale-Brown Obsessive Compulsive Scale (CY-BOCS) [13] has 

suggested symptoms coalesce around: (1) contamination obsessions and cleaning/washing 

compulsions; (2) harm/sexual obsessions and checking compulsions; and (3) symmetry 

obsessions and compulsions, with hoarding symptoms sometimes included or identified 

as their own factor [14–17]. Unfortunately, frequent within-individual endorsement of 

symptoms across multiple dimensions limits the utility of these factors for informing 

individual-level classification of OCD-affected children and adolescents [14, 17].

Benefiting from a person- as compared to item-oriented approach, cluster-based analytic 

methods (e.g., dependent mixture modelling and latent class analysis [LCA]) have 

demonstrated utility in producing meaningful subgroups among youth with mental health 

concerns [18]. LCA is a structural equation modeling technique similar to confirmatory 

factor analyses (CFA); both measure a latent variable while accounting for measurement 

error [19]. However, LCA assumes the presence of a categorical instead of continuous 

latent variable and groups observations, or participants, into classes (rather than grouping 

variables into latent constructs as CFA) [20].While utilized to explore either OC-symptom 

expression or comorbid disorder presentations among OCD-affected individuals, these 

methods have not yet been utilized to examine both domains simultaneously. In OCD-

affected adults, analyses based on symptom expression have identified frequency-[21] and 

etiologically-based clusters [22], while analyses of comorbidity among OCD-affected adults 

has suggested three- or four-class solutions based on number and type of comorbid disorders 

[8, 23]. Among pediatric samples, cluster analyses examining symptom expression have 

found similar groupings to factor-analytic studies [24, 25]. Højgaard et al. [9] examined 
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comorbid profiles among OCD-affected children and adolescents and identified a three-class 

solution, characterized by those with no comorbidity, those with neurological/behavioral 

conditions (e.g., ADHD, tics, ODD), and those with comorbid anxiety disorders. Although 

OCD symptom types were not included in the model, secondary analyses suggested 

symmetry/hoarding symptoms were associated with both comorbid classes, harm/sexual 

symptoms were associated with the comorbid anxiety class, and comorbidity was less 

common among those with contamination/cleaning symptoms.

The present study seeks to replicate and expand on the work of Højgaard et al. [9, 16] by 

exploring latent clusters among a large, aggregated, international sample of OCD-affected 

children and adolescents.

Aim 1.

Confirm a factor structure to develop factor loadings for use in the analysis. We 

hypothesized that a three-factor solution as in Højgaard et al. [16] (i.e., contamination/

cleaning; harm/sexual; symmetry/hoarding) would provide an acceptable model fit. If a 

three-factor solution does not provide an acceptable fit in this sample, an exploratory factor 

analysis will be carried out to extract a usable factor structure.

Aim 2.

Identify latent clusters representing sub-groups of OCD-affected children and adolescents 

based upon symptom factor scores, symptom severity, and the presence/absence of comorbid 

disorders. We hypothesized a four-class solution would emerge characterized by: (A) 

contamination/cleaning symptoms and low comorbidity; (B) harm/sexual symptoms and 

anxious comorbidity; (C) symmetry/hoarding symptoms and neurobehavioral comorbidity; 

and (D) multi-dimensional symptoms and multiple comorbid conditions.

Aim 3.

Explore relationships of cluster membership with other available clinically relevant 

variables, including age of symptom onset, avoidance, impairment, and family 

accommodation.

Methods

Ethical considerations

All sites had ethics approval and obtained participant assent and family consent for 

participation in research and data sharing.

Participants and procedures

The present study includes data from 830 OCD-affected children and adolescents. Data 

was obtained by aggregating participants with completed CY-BOCS checklist data from 

seven international pediatric OCD programs (see Table S1) (NordLOTS [26]; GBG [27]; 

DCS [28]; UBC POP [29]; Griffith [30]). All participants had a confirmed OCD diagnosis. 

Average OCD-Severity was in the moderate-severe range (mean = 24.5; SD = 5.9). The 
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sample was 54% female and 5–19 years of age (mean = 12.9; SD = 2.9). Participant 

characteristics for individual programs and the combined sample are presented in Table 1.

Measures

Diagnostic Assessments.—Baseline diagnoses were assessed and diagnosed using 

either the Schedule for Affective Disorders and Schizophrenia for School-Age Children-

Present and Lifetime (n = 567; 68.3%) [31] or the Anxiety Disorder Interview Schedule 

for Children-Parent Version (n = 263; 31.2%) [32]. OCD Symptoms and Severity. OCD 

symptoms were assessed across all sites using the CY-BOCS, a measure with well-

established psychometric properties [13, 33]. The CY-BOCS symptom checklist was utilized 

to assess OCD symptom types. Symptom severity was assessed via the CY-BOCS total 

score, which is comprised of ten-items rated 0 to 4, with higher scores indicating more 

severe symptoms.

Additional Variables.—The six CY-BOCS extension items, which evaluate, on a 0 to 

4 scale, additional domains related to OCD (e.g., insight, avoidance, doubt) were also 

completed with many participants, although this varied between sites (n = 402–728; 49–

88%, Table S7 provides more information about missingness of extension items). While 

exact measure usage varied across sites (see TableS1), child- and parent-ratings of OCD-

related impairment was assessed using variations of the Child Obsessive-Compulsive Impact 

Scale [34, 35] and family accommodation was assessed using variations of the Family 

Accommodation Scale [36–38]. While of interest to profile composition, less consistent 

measure completion across sites limited the feasibility of their inclusion. Therefore, 

relationships between these variables and profiles were examined in a secondary analysis.

Analytic plan

Data processing and statistical analyses were conducted using Mplus 8.6[39] and R version 

4.0.3 (r-project.org). For Aim 1, an acceptable factor structure of the CY-BOCS symptom 

checklist variables was established. Factor structures derived from previously identified 

solutions by Højgaard et.al [16], and from an exploratory factor analysis of the current 

data were tested in a confirmatory factor analysis (CFA). Models were directly compared 

using the scaled chi-squared difference test [40]. Latent factor scores for each participant 

were generated based on the best fitting CFA model, using the R lavaan package (version 

0.6–7) [41]. Checklist items were modelled as ordinal variables with diagonally weighted 

least squares to estimate model parameters and robust standard errors. Model fit statistics, 

including the comparative fit index (CFI), the Tucker-Lewis index (TLI), root mean square 

error of approximation (RMSEA), and standardized root mean square residual (RMSR) 

were calculated and compared across models, seeking the most parsimonious acceptable fit. 

Acceptable fit was defined as CFI and TLI values of at least 0.9.

For Aim 2 theanalysis entailed dependent mixture modelling with the R-package depmixS4 
(version 1.4–2) [42] to identify distinct latent groups underlying the observed data. LCA 

with continuous indicators is also known as a mixture model, reflecting the assumption 

that the observed data is a mixture of distributions from multiple underlying subpopulations 

[20]. Each participant’ factor scores extracted from the best-fitting CFA, total CY-BOCS 
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score, and 9 comorbidities were included as the observed variables in this analysis. Child 

age and gender were treated as covariates using a stepwise approach, where factors were 

enumerated first using age and gender adjusted indicators and differences in factors then 

tested based on relevant covariates (i.e., age of symptom onset, avoidance, impairment, and 

family accommodation). The continuous measures—the CFA-derived factors, CY-BOCS 

total, and child age—were normalized such that the minimum score was transformed to 

zero and the maximum score to one. This was done separately by study site to account 

for variation across site. Some checklist items were missing from specific sites (“No 
concern with consequences of contamination other than how it might feel”, and “Mental 
Compulsions” were missing in Griffith; “Checking that did not/will not harm others”, and 

“Need to do things until it feels just right” were missing in ATRC) and were excluded 

from the CFA analysis to maximize numbers of participants. Participants with CFA derived 

factor scores as well as other indicators (e.g., comorbidities) were included in the mixture 

model. In the model, continuous variables were modeled as a Gaussian distribution while 

categorical variables were modeled with a multinomial. Parameters were estimated by the 

expectation-maximization algorithm and posterior state classification was determined by the 

Viterbi algorithm.

Mixture solutions ranging from 1 to 9 distinct groups were evaluated; Akaike Information 

Criterion [AIC] and Bayesian Information Criterion [BIC] were computed for each solution, 

with BIC providing a stronger penalty of model complexity [43, 44]. Additionally, entropy 

and average posterior probability for each observation’s most likely group measures were 

computed to evaluate the quality of group separation, with values closer to 1 reflecting 

superior delineation of the groups [43, 45]. The likelihood ratio tests directly compared 

models using the difference in χ2 and degrees of freedom; a larger χ2 value indicates a 

larger difference in the models.

For Aim 3 a set of analyses examined between-cluster differences in secondary outcomes 

of interest. Prior to conducting between-cluster tests, children were assigned to the cluster 

to which they had the maximum posterior probability value of belonging. Omnibus cluster 

differences were identified with a p value threshold < 0.05 and were adjusted for study site. 

Follow-up pairwise comparisons used the Tukey correction for multiple comparisons.

Results

Descriptive statistics for the overall sample and each study site are provided in Table 1.

Factor analysis of OCD symptoms

The previously identified three-factor model [16] was initially tested and did not meet 

requirements of acceptable fit in the current sample (see Table S3). Therefore, an 

exploratory factor analysis was conducted to suggest the composition of usable factor 

solutions. A parallel analysis suggested a ten-factor model. A visual scree plot inspection 

indicated four to six factors (Figure S1), and the 0.7 Kaiser criterion indicated six factors. 

Fit measures for three- to eleven-factor EFA models were examined further and all models 

with four factors or more had adequate fit, with fit values improving with each added factor 
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(see Table S2) The CY-BOCS checklist dataset was screened for multivariate assumptions 

(normality, linearity, homogeneity, and homoscedasticity), which were all met [46].

A six-factor solution provided an acceptable fit (see Table S3) in a CFA. Although 

EFA results potentially suggest factor solutions with more factors, models with more 

than six factors failed to converge on an optimal solution in a CFA. The current 

six-factor model suggests CY-BOCS symptom checklist items can be attributed to 

contamination/cleaning, sexual/religious/embarrassment, somatic/illness, harm/checking, 

superstition/repetition, and hoarding/perfectionism latent factors. Factor loadings for the 

checklist items and correlations among the six factors are provided in Table S4 and Table S5, 

respectively.

Cluster analysis of OCD symptom factors, severity, comorbidities and demographics

Nine possible solutions were generated by the dependent mixture model. Based on model fit 

criteria and visual interpretability, solutions involving 3–7 clusters were explored in further 

detail (See Fig. 1). Table 2 provides model fit and descriptive outcomes of the solutions and 

identified clusters, while Table 3 describes features associated with the identified clusters. 

Fit indices favored the four-cluster solution; however, all examined models demonstrated 

acceptable participant classification/entropy (0.8 or higher, see Table 2).

As observed in Fig. 1 and described in Table 3, variation across clusters regarding 

contamination/cleaning symptoms, symptom severity, and gender distribution was mostly 

minimal except in more complex models. Clusters were most notably distinguishable by 

loadings on the other symptom factors and comorbidity patterns (variable specific entropy 

values for 3–7 cluster models are presented in Table S6). The overall characteristics of 

the first three identified clusters remained observable and somewhat consistent across 

subsequent models. In the four-cluster model, two distinct groups emerge; C2 (pink, see 

Fig. 1) with a mixed symptom presentation, relatively lower contamination/cleaning scores 

compared to other symptom types, and high levels of comorbid disorders compared to other 

clusters; and C4 (green) a smaller group, high on contamination/cleaning scores but low 

on other symptom types and levels of comorbidity. However, these characteristics became 

less distinct in later models. C1 (light blue) and C3 (yellow) both present mixed profiles 

at moderate levels, mainly distinguishable by higher levels of comorbid Tics for C1. In 

the six-factor model, C6 (dark blue) emerged with a small but distinct subset of children 

and adolescents, with high rates of ASD, ADHD, tics, GAD, and Social Phobia. In the 

seven-factor model, C7 (grey) emerged with an additional small but distinct subset of mostly 

female youth who demonstrate high rates of ASD, low levels of other comorbidities and 

almost exclusively contamination/cleaning type symptoms.

Cluster differences on secondary outcomes

A final set of analyses compared latent clusters on secondary measures using the four-group 

solution as it showed the best BIC and had an acceptable entropy value (see Table S7). 

No significant differences were observed across clusters for CY-BOCS auxiliary items 

(Tukey-corrected p > 0.05) except for slowness where C3 (Yellow) demonstrated higher 

ratings compared to C4 (green). No differences were observed between clusters on age of 
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onset, measures of impairment, or family accommodation (Tukey-corrected p > 0.05). Table 

S8 provides descriptive statistics from the 4-cluster solution for variables not included in 

other analyses (e.g., race, study site).

Discussion

Using dependent mixture modeling, the present study explored shared characteristics among 

a global sample of OCD-affected youth based on severity, symptom type, and comorbidity. 

After confirming a six-factor model for the CY-BOCS symptom checklist, our results 

suggested that youth could be acceptably classified into three to seven clusters, with a 

four-cluster solution offering optimal fit statistics, but more complex models identifying 

unique and potentially clinically relevant sub-groups. Given this, and the limitation that 

cluster identification is dependent on the variables included (or not included) in the model, 

we have opted to present, describe, and note differences between clusters in the varying 

models, rather than highlighting a single model as “the” way that OCD-affected youth are 

most accurately classified. This open examination is possible in part due to the general 

stability of cluster characteristics across models.

Discussion of cluster characteristics

The C1 (light blue, see Fig. 1) cluster appears to feature low tomoderate endorsement 

of symptoms across all six OCD symptom factors, average severity, and generally low 

frequency of internalizing comorbid disorders. However, Tic disorders and ADHD are quite 

common in this cluster. The C1 cluster initially comprised the second-largest proportion of 

the sample (23%), but steadily lost members as additional clusters were added, decreasing to 

18% of the sample by the 7-cluster model but remaining stable regarding its characteristics.

The C2 (pink) cluster is the largest cluster throughout all models, although it does shrink 

in proportion from 42% in the 3-cluster model to 22% in the 7-cluster model. These youth 

had more severe OCD symptoms, endorsed a varied symptom profile and had high comorbid 

Tics, ADHD as well as internalizing disorders in most models. These patterns suggest that 

increased diversity in symptom expression may be indicative of additional underlying fear/

anxiety processes and/or cognitive-dysfunction (e.g., maladaptive beliefs, repetitive negative 

thinking) [47, 48].

Comprised of approximately 20–35% of the sample, cluster C3 (yellow) seems to represent 

a “median” presentation of OCD in most of the models, featuring average to low (in the five- 

and six factor models) severity and mixed symptom- and comorbidity profiles throughout.

C4 (green) emerges in the four-factor model as a small (14%) group of youth almost 

exclusively endorsing contamination/cleaning symptoms and showing low levels of 

comorbidity. Along with the consistent presence of contamination symptoms across the 

larger clusters, these findings suggest contamination symptoms are the most specific or 

central to OCD [16, 49]. In subsequent models however, C4 trends towards more mixed 

symptom expression and comorbidity profiles while remaining stable in size.
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C5 (orange) initially identified 9% of the sample, favored males slightly and featured high 

severity, relatively high levels of superstition/repetition and harm/checking symptoms in the 

five and six-cluster models, but more predominant contamination/cleaning symptoms in the 

seven-cluster model. C5 increases slightly in size and trends toward higher levels of anxiety 

comorbidities in the last two models.

Two small but distinct clusters emerged in the final two models. Distinguished by 

significantly higher frequencies of comorbid disorders and making up 9% of the sample, C6 

(dark blue), showed average severity, high levels of perfectionism/hoarding and the highest 

levels of all clusters on ASD, ADHD and tics, indicative of a neuropsychological profile 

and/or difficulties in inhibitory control. The presence of this class might lend partial support 

to the concept of a tic-related OCD subtype associated with hoarding symptoms, previously 

identified in some studies [50–52]. In the seven-factor model, however, C6 is distinguished 

by very low levels of contamination/cleaning symptoms, low severity and low internalizing 

comorbidity indicating that this is not a stable cluster between models. Making up 6% 

of the sample, C7 (grey) consisted mostly of females exclusively endorsing contamination/

cleaning symptoms, showing overall low levels of comorbidity but highest levels of ASD of 

all classes in the model. Although such small subgroups might be unstable, they could, if 

replicated, provide important information for future studies examining the etiology of OCD 

or the impact of cluster membership on treatment outcomes.

The present results are not directly comparable to previous findings as we used a new 

six-factor structure for OCD-symptom dimensions. We, however, note similarities with the 

current best fitting four-cluster model and previous findings; with the almost exclusive 

endorsement of contamination/cleaning symptoms being associated with a low level of 

comorbidities [9], and a trend of more diverse OCD-symptom expressions being associated 

with higher comorbidity levels [8, 9]

The identification of specific clusters of pediatric OCD patients may lead the way for more 

research regarding dimensional conceptualization of OCD. OCD is a highly heterogeneous 

disorders with a wide variety of symptoms [15, 16]. However, the present results also 

indicate that specific dimensions beyond OCD symptoms may exist, such as profiles based 

on symptoms, comorbidity, and other related factors. Many experienced clinicians treating 

OCD might be able to recognize and identify frequently coexisting patterns of symptoms 

and characteristics of behaviors or personality in children with OCD. Examples may be 

the typically different presentation of OCD symptoms with comorbid tic disorder, or the 

tendency for low motivation for OCD treatment in children with comorbid ASD. These 

symptom clusters based on experience and limited studies about how comorbidity and 

personality may modify OCD-symptoms could obtain a better scientific base by identifying 

more homogenous subsets of pediatric OCD, based on factors including, but not limited 

to, symptom profiles. At least, the present study has provided a grouping pattern that 

might potentially be valuable for specific targeted studies of neurocircuitry, neurocognitive 

function and dysfunction with the overall goal of more personalized and effective treatment 

[53].
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Studies of latent clusters may open ways to investigate treatment effects for different subsets 

of patients and, additionally, to identify potential treatment modifications that could be made 

to tailor treatments for different subsets. Some clusters (e.g., cluster C4, with the majority 

endorsing contamination and cleaning with low comorbidity) might suggest main E/RP 

focus on contamination and cleaning with minimum modification needed for most patients 

[53, 54], while C2, with its diverse symptom profile and high level of comorbidity, might 

require a more comprehensive approach, possibly involving a larger focus on dysfunctional 

cognitive beliefs [55]. Previous studies have also found hoarding symptoms to be associated 

with higher levels of comorbidity. In line with this finding, we find a large class (C2) which 

shows the highest level of hoarding symptoms, a highly diverse symptom profile, and the 

highest levels of overall comorbidity. As both high levels of hoarding symptoms [56, 57] 

and comorbidity [58] are associated with attenuated treatment benefits, this group might be 

of particular clinical interest and might require tailored treatment adjustments. Overall, the 

current results are in line with family-genetic studies indicating that pediatric-onset OCD is 

etiologically heterogeneous [59].

Limitations

There are several limitations to note. First, while the study provides indications of cluster 

characteristics at the time of assessment, the study design does not inform the extent to 

which cluster distribution changes over time (e.g., if participants migrate from one group to 

another as they age), nor does it allow for direct testing of underlying mechanisms. Second, 

the clusters provide average scores of those included within that class, rather than clear and 

definable rules regarding class membership. As a result, applying these categorizations to 

any individual would be premature at this time. Third, secondary variables were compared 

between classes after making concrete class assignments (as opposed to allowing for partial 

class membership). This process overestimates confidence in class assignment. Entropy was 

strong but not perfect, meaning that there was good but not perfect confidence in identifying 

which participant was assigned to each cluster. Fourth, site-based variance might have been 

enhanced by lack of standardization of procedures. Fifth, ASD diagnoses were based on 

the K-SADS and ADIS which are primarily symptom screeners of ASD caseness, and not 

adequate for establishing ASD diagnosis on their own. ASD diagnosis was an exclusion 

criterion in the NordLOTS study, resulting in the underrepresentation of comorbid ASD 

in the current sample. Sixth, the 5–7 factor models have fairly unequal class prevalence 

and simulation studies have indicated that in such models smaller classes may be difficult 

to recover at small sample sizes [45, 60]. Seventh, the enumeration of factors through the 

mixture modelling process is sensitive to how covariates are treated and the assumption of 

different population models to ours, regarding the effects of age and gender, might yield 

different results [60]. Eighth, although the sample was large and combined from global 

centers, these centers were specialized, age-specific, located within countries with high 

development indexes and primarily Caucasian populations, and utilized dichotomized, rather 

than continuous, assessments of comorbidity. Given that results are dependent on sample 

characteristics and included variables, a different formation of clusters could occur if other 

variables (e.g., avoidance, other comorbidities) were included and the generalizability of 

results to other OCD-affected populations may be limited.
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Conclusions

The present study provides an explorative overview of potential latent sub-groups among 

OCD-affected children and adolescents. The identified clusters support efforts towards 

dimensional or transdiagnostic conceptualizations of psychopathology and, by identifying 

more homogenous subsets of OCD, based on relevant shared characteristics, may serve as 

translational markers for further investigations of relevant neurocircuitry and mechanisms 

of dysfunction, such as neurocognition, cognitive flexibility, inhibitory control, and fear 

extinction processes [61–64]. In informing clinical care, clusters provide an indication of 

potentially relevant adaptations to treatment, such as supplemental emphasis on cognitive 

processes and maladaptive beliefs, executive skills and impulse control, distress tolerance 

and emotion regulation, and/or parental roles and involvement.

Replication of clusters in more diverse populations (e.g., additional countries, socio-

economic groups, ages, and comorbidities) and among individuals with other primary 

disorders is warranted.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Plots of variable scores across 3–7 cluster models
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