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Abstract

Background: Limited extant research on neurocognitive endophenotypes in obsessive-

compulsive disorder (OCD) show inconsistent results. Limitations include small sample sizes, 

strict exclusion criteria, lack of objective standard normalized test scores, and significant lack of 

studies utilizing pediatric probands. This study aimed to address these limitations.

Methods: A large carefully screened cohort of pediatric OCD (n=102), their unaffected siblings 

(n=78), and parents (n=164), completed a neuropsychological battery. To compare participants at 

different ages and developmental stages, standard scores were computed using test norms. Cluster-

robust regression with sample size-adjusted sandwich estimates of variance, and interclass 

correlations were computed. False Discovery Rate procedures were employed to correct for 

multiplicity.

Results: Probands, siblings and parents demonstrated deficient task performance (Z < −0.5) on 

the ‘number of trials to complete first category’ on the Wisconsin Card Sorting Test, and on the 

Stroop color naming trials. Compared to test norms, the three groups exhibited medium to large 

effect sizes on these outcomes. No other meaningful familial trends were found.

Conclusions: OCD probands, their unaffected siblings, and parents exhibited deficiencies in 

specific subdomains of cognitive flexibility and inhibitory control, namely, initial concept 

formation and proactive control, which may be valid candidate neurocognitive endophenotypes of 

OCD. No other meaningful familial effect has been found on other functions, including other 

executive function indices such as perseverations and interference control. These results highlight 

the need to carefully examine individual outcomes from executive function tests instead of the 

tendency to focus largely on major outcome measures.
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1. Introduction

Obsessive-Compulsive Disorder (OCD) is a prevalent (~2.5%; Ruscio et al., 2010) and 

burdensome disorder affecting children, adolescents, and adults. OCD is recognized as 

highly familial, with up to 10 fold increase in OCD prevalence in first degree relatives 

(Pauls, 2010). However, the heritability of neurocognitive deficits that may be considered as 

endophenotypic markers of OCD remains unclear and results have been inconsistent (Bora, 

2020; Marzuki et al., 2020). Nevertheless, a recent umbrella review of biological and 

neurocognitive markers in OCD revealed that the only marker that showed ‘convincing’ 

(Class I) differential power between OCD and controls was a neurocognitive construct – 

visuospatial abilities (Fullana et al., 2020).

Heritability estimates of 25%−30% for OCD have been reported, with higher risk for first-

degree relatives of early-onset probands (Arnold et al., 2017), but familial risk of specific 

neurocognitive disturbances among relatives of OCD probands remains largely inconclusive. 

Indeed, such research faces a fundamental limitation related to the DSM’s taxonomic 

approach where biological correlates are assessed in symptom-derived syndromes that are 

not biologically distinct. To address this problem, the National Institute of Mental Health 

(NIMH) developed the Research Domain Criteria (RDoC) initiative that transcends 

traditional DSM diagnostic categories and focuses on transdiagnostic mechanisms. However, 

efforts to identify clinically translatable disorders-specific neurocognitive endophenotypes 

utilizing the RDoC framework has not been fruitful (Davis et al., 2015; Venkatasubramanian 

and Keshavan, 2016). Since endophenotypes are state-independent heritable traits, they can 

be identified regardless of the presence of the clinical disorder (Gottesman and Gould, 

2003). Thus, one venue for endophenotype research is examination of the construct in 

probands and their first-degree relatives. Under such framework, unaffected relatives should 

demonstrate a pattern of deficits that adhere closely to the co-segregated genetic risk for 

OCD without confounds, so that specific cognitive deficits can be reasonably considered to 

be genuine findings and not artefact.

There is an extensive body of literature on neurocognitive function in adult OCD that report 

deficient test performance across several domains (with small to medium effect sizes; 

Abramovitch et al., 2013; Shin et al., 2014). Specifically, OCD has been consistently 

associated with poorer test performance on tasks assessing planning, inhibitory control, and 

non-verbal memory, as well as slower processing speed (Abramovitch and Cooperman, 

2015), and candidate endophenotype studies of OCD focused on such findings in probands 

(e.g., de Wit et al., 2012; Menzies et al., 2008). In youth with OCD, research has shown 

some evidence for cognitive inefficiencies (Abramovitch et al., 2015) with slower processing 

speed producing a negative impact on task performance (Geller et al., 2018). However, 

results of systematic reviews and meta-analyses concluded that effect sizes in pediatric OCD 
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were found to be smaller than in adult OCD, with some notable differences where response 

inhibition and memory were not found to be meaningfully deficient in pediatric OCD 

(Abramovitch et al., 2015; Marzuki et al., 2020).

A small but growing body of familial neurocognitive studies in OCD shows inconsistent 

results. These studies have independently identified multiple candidate endophenotypes for 

OCD including planning, cognitive flexibility, working memory, inhibition, set-shifting, 

delayed verbal and non-verbal memory, problem solving, decision making under ambiguity, 

reversal learning, and visuospatial integration (Bey et al., 2018; Cavedini et al., 2010; de Wit 

et al., 2012; Delorme et al., 2007; Li et al., 2012; Menzies et al., 2007; Rajender et al., 2011; 

Tezcan et al., 2017; Zhang, L. et al., 2015). A recent meta-analysis (Bora, 2020) of this body 

of literature found that deficiencies in three executive functions (EF), namely inhibition, 

planning, and decision making are shared among OCD and unaffected relatives. Importantly, 

the authors identified significant heterogeneity between effect sizes that was unexplained by 

moderator analyses.

Only one study to date examined cognitive function in pediatric OCD probands (n=87) and 

unaffected relatives. In contrast to endophenotype research in adult OCD probands, the 

authors identified planning as the only candidate endophenotypic marker (Negreiros et al., 

2020), echoing the differences in the extent and scope of cognitive dysfunction between 

pediatric and adult OCD. In addition to its inconsistent pattern of results, this body of 

literature has several limitations. First, most studies do not report standard scores using test 

norms to facilitate objective comparison of performance to the general population. Given 

that cognitive functions are highly dependent on neuromaturation and developmental 

trajectories (Levin et al., 1991), the common practice of averaging raw scores within 

samples comprising both children and adolescents may be less informative than utilization 

of standard scores. Furthermore, standard scores allow comparisons between samples of 

youth and adults. Second, nearly all familial neurocognitive studies in OCD employ strict 

exclusion criteria, most excluding some comorbid psychiatric disorders (Bora, 2020). Given 

that most individuals with OCD present with psychiatric comorbidities (Ruscio et al., 2010) 

such strict exclusion criteria pose a threat to ecological validity. Third, to our knowledge all 

but one investigation examining neurocognitive endophenotypes in OCD have studied 

unaffected relatives of adult probands. Given the higher heritability estimates among OCD 

youth (Arnold et al., 2017; Hanna et al., 2005), neurocognitive endophenotypic studies with 

pediatric OCD probands may provide more accurate familial neurocognitive information. 

Finally, no endophenotype study to date assessed probands and two first degree relatives, 

which may produce more robust results.

To address this gap in the literature, the purpose of the present investigation was to examine 

several neurocognitive domains in at least two first-degree relatives of pediatric OCD 

probands in a large well characterized sample while addressing limitations of previous 

research. We hypothesize that pediatric OCD probands and their relatives will present with 

reduced processing speed that may affect performance on timed tasks assessing higher order 

functions.
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2. Materials and methods

2.1 Participants

Probands were 102 youth with OCD (40.5% female), that were recruited for a large family 

study of OCD, and 85% of probands were direct referral to the Massachusetts General 

Hospital Pediatric OCD Program. The remaining 15% were recruited via clinician referral, 

and advertisements. Inclusion criteria were primary OCD, age<18, and basic proficiency in 

English. Exclusion criteria included sensorimotor disability (e.g., blindness), psychosis, 

pervasive developmental disorder, and IQ<80. No other comorbidities were excluded due to 

the need to recruit an ecologically valid sample that would be analogues to the average OCD 

patient, where approximately 90% of adults (Ruscio et al., 2010), and 80% of youth (Geller, 

2006), meet criteria for at least one other DSM disorder. Unaffected first-degree relatives 

(UFDR) of probands were siblings (n=78, 51.3% females), and parents (n=164, 54.9% 

females). Exclusion criteria for UFDR were similar to the probands exclusion criteria, with 

the addition of excluding lifetime OCD. Probands were predominantly Caucasian (90.5%) 

with other racial/ethnic groups including Asian (0.9%), Hispanic (0.9%), and other (7.7%). 

Probands were assessed using the epidemiological version of the K-SADS-E (Orvaschel and 

Puig-Antich, 1987). See Table 1. for demographic and clinical data.

2.2 Neuropsychological Measures

Intellectual Ability –—Probands’ and siblings’ IQ was estimated using the vocabulary 

subtest of the Wechsler Intelligence Scale for Children (WISC-III; Wechsler, 1991), and 

parents were assessed using the Wechsler Adult Intelligence Scale (WAIS-III; Wechsler, 

1997).

Processing Speed –—The WAIS/WISC-III Digit Symbol Coding, and Symbol Search 

subtests were used for assessment of speed of processing.

Visuospatial Abilities –—The Wechsler Block Design test, (Wechsler, 1991; Wechsler, 

1997) and the RCFT Copy trial scores (Osterrieth, 1944) were used to assess visuospatial 

functions.

Memory –—Verbal memory was assessed using the California Verbal Learning Test 

(CVLT), child(Delis et al., 1994) or adult version (Delis et al., 1987). Non-verbal Memory 

was assessed using the delayed trial of the Rey Complex Figure Test (RCFT; Osterrieth, 

1944).

Executive Functions –—Inhibitory/Interference Control was assessed using Golden’s 

Stroop test version (Golden, 1978). Cognitive flexibility and concept formation were 

assessed using the computerized version of the Wisconsin Card Sorting Test (WCST; Harris, 

1990). Working memory was assessed using the Wechsler Arithmetic, and Digit Span Tests.

2.3 Procedure

Raters who were blind as to participants’ group assignment conducted a direct interview 

with all probands, and an independent interview with all probands’ mothers. Next, a review 
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team reached a DSM-IV (APA, 2000) diagnosis by blindly weighting the two sources of 

information utilizing the Best Estimate method (Leckman et al., 1982). Subsequently, an 

expert child psychiatrist (DAG), administered the Children’s Yale-Brown Obsessive-

Compulsive Scale (CY-BOCS; Scahill et al., 1997) and resolved any instances of 

discrepancy between reports. Parents were screened using the Structured Clinical Interview 

for DSM-IV (SCID; First et al., 2002), and modules from the K-SADS-E (Orvaschel and 

Puig-Antich, 1987) in order to assess conditions not included in the SCID such as separation 

anxiety and autism.

A team of research assistants (RAs) that received extensive training administered all 

neuropsychological tests under direct supervision of a PhD level staff neuropsychologist and 

scoring of all neuropsychological tests was performed by a second independent PhD level 

neuropsychologist. In addition, several measures were taken to enhance quality control. 

First, test administrators observed PhD-level neuropsychologist administering the test 

battery. Subsequently, RAs administered tests under direct supervision multiple times, until 

assessment competence and scoring matched the supervisors’ scores a minimum number of 

times. Participants signed an informed consent and were reimbursed. The study was 

approved by the MGH IRB.

2.4 Analytic Plan

To assess for differences in test performance between probands and their siblings and 

parents (i.e., differences within families), dummy-coded regression was employed. Apart 

from the RCFT, results that were originally obtained in the metrics of scaled scores from 

each test’s official norms were converted to z-scores for analysis and reporting. Probands 

served as the reference group, and shared family status was accounted for via cluster-robust 

regression, which used sample size-adjusted sandwich estimates of variance (StataCorp, 

2017). To assess for variance accounted for at the family level (i.e., differences in test 

performance between families), intraclass correlations were calculated based on test results 

from each reporter (probands, siblings, parents). For the RCFT, the Waber-Holms 

Developmental Scoring System was used, for which normative work is available only for 

ages 5–14 (Bernstein and Waber, 1996). Thus, we were not able to conduct analyses of 

standard scores for any participants older than 14. We addressed this issue by limiting 

analyses to the raw scores between probands and siblings age ≤ 14 and for which proband-

sibling pairs were within 1 year of age. The 1-year range was determined given that no of 

noticeable performance difference was found within 1-year age difference on the Waber-

Holmes normative work. Hypothesis tests of regression coefficients were adjusted for 

multiple comparison based on the False Discovery Rate procedures (FDR;Benjamini and 

Hochberg, 1995). Different neuropsychological domains were considered as separate 

families of hypotheses for evaluation and the FDR procedure corrected for false discoveries 

based on the respective number of hypothesis tests for each ‘family’ including memory, 

visuospatial functioning, processing speed, cognitive flexibility, interference/inhibitory 

control and working memory. We also reported effect sizes that correspond to the various 

analyses conducted. According to Cohen (1988), small, medium and large effect sizes 

correspond to values of .2, .5, and .8 respectively for between-group differences (Cohen’s d) 

and values of .01, .09, and .25 respectively for measures of variance explained (R2, ICC). 
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Cohen’s d values of .2, .5, and .8 corresponding to group differences (represented by 

individual regression coefficients) correspond to semipartial R2 values of .10, .24, and .37.

3. Results

Descriptive statistics for probands, siblings, and parents can be found in Table 1. Results 

from comparisons between probands and their parents and siblings can be found in Table 2 

and Figure 1. With regard to memory, medium to large differences were detected between 

probands and parents on all CVLT scales evaluated, where probands outperformed their 

parents on Short Delay (d=.51), Long Delay (d=.55), and List A1 (d=1.08). Small-medium 

to medium sized effects were also detected between probands and siblings on all CVLT 

scales evaluated, where probands outperformed their siblings on average on Short Delay 

(d=.49), Long Delay (d=.35), and List A Trial 1 (d=.34). On all CVLT scales, probands 

showed above-average performance (Short Delay Mean=.30; Long Delay Mean=.05, List 

A1 Mean=.27), while below-average performance was observed for siblings (Short Delay 

Mean=−.30; Long Delay Mean=−.39, List A1 Mean=−.10) and parents (Short Delay Mean=

−.37; Long Delay Mean=−.68, List A1 Mean=−.87). Between-family variance was in the 

medium-large range for CVLT Short Delay (ICC=.19) and Long Delay (ICC=.16) but was 

negligible for List A1 (ICC=.01). No significant differences were observed for Rey Delay 

Accuracy between probands (M=45.47) and siblings (M=45.47; d<.01), with limited 

variance explained by between-family differences (ICC=.04).

With regard to visuospatial functioning, no significant differences between probands and 

either siblings or parents were observed, with a medium-size effect observed for between-

family variance (ICC=.10). No significant differences were observed for Rey Copy 

Accuracy between probands (M=61.74) and siblings (M=59.71), with limited variance 

explained by individual differences (R2=.04), though a medium-size effect was observed for 

between-family differences (ICC=.13).

Regarding processing speed, a significant difference was observed between parents and 

probands on the Digit Symbol test (d=−.71), with probands (M=−.25) underperforming their 

parents (M=.45). No other significant differences in processing speed were observed 

between probands and either parents or siblings on the Digit Symbol test or Symbol Search 

test. A medium-size effect for between-family variance was observed on both the Digit 

Symbol test (ICC=.09) and Symbol Search test (ICC=.12).

In considering cognitive flexibility, differences between probands and parents were observed 

on the WCST Total Number of Trials (d=−.59), with probands (M=−.09) underperforming 

their parents (M=.60) who completed the test using less cards. No other significant 

differences were observed between probands and either parents or siblings on any of the 

WCST scales administered. Notably, whereas no significant difference between the three 

groups was found on the Trials to Complete First Category, probands (M=−.65), siblings 

(M=−.74) and parent (M=−.44) exhibited subnormal performance of medium magnitude.

With regard to interference/inhibitory control, significant differences between probands and 

parents were observed on all Stroop scales administered, with probands underperforming 
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their parents on the Word (d=−.31), Color (d=−.47), and Interference (d=−.40) Scales. 

Probands showed below average performance on all Stroop scales (Word Mean=−.63; Color 

Mean=−.48; Interference Mean=−.12), while parents also showed below average 

performance on Stroop Color performance (M=−.28) but average or slightly above-average 

scores on the Color (M=.05) and Interference (M=.14) scales. No significant differences 

were observed between siblings and parents on the Stroop scales. A medium size effect was 

observed for the Stroop Word (ICC=.15) and Color (ICC=.11) scales, but a limited amount 

of between-family variance was accounted for by Stroop Interference scores (ICC=.03).

For working memory, no significant differences were observed on the Arithmetic and Digit 

Span tests, with a large amount of between-family variance accounted for on the Arithmetic 

test (ICC=.24) and a medium effect size observed for between-family variance on the Digit 

Span test (ICC=.10).

Discussion

The aim of the present study was to identify familial patterns of cognitive deficiencies in 

order to identify reliable candidate cognitive endophenotypes in OCD. In terms of 

standardized objective performance level, to facilitate interpretations of these results we 

considered Z scores within +− 0.5 standard deviations from the norm as indicative of 

normative performance, whether performance was better or worse than the population mean. 

Familial deficiency was considered if the proband and at least one type of unaffected relative 

both scores ≤Z= −0.5. Based on these criteria intact performance was found among OCD 

probands and unaffected relatives on tests of working memory as well as on tests directly 

assessing processing speed and visuospatial functions. In the domain of verbal memory, 

however, unaffected siblings, and more pronouncedly parents, underperformed on immediate 

and delayed verbal memory trials with small and medium effect sizes, respectively. 

Nevertheless, OCD probands exhibited intact performance on this domain. This is in 

accordance with multiple studies that did not identify deficient performance on verbal 

memory tests, and effect sizes for verbal memory in OCD are found to be the smallest across 

cognitive domains (Abramovitch et al., 2013; Marzuki et al., 2020).

Examinations of the two main EF domains, namely interference control (Stroop) and 

cognitive flexibility (WCST), yielded an interesting pattern of results. First, the primary EF 

outcome measures assessing interference control (i.e., Stroop Interference) and cognitive 

flexibility (%Perseverative Errors, and Categories completed) were found to be largely 

intact, although characterized by suboptimal performance. These findings are in accord with 

findings from a meta-analysis on cognitive function in pediatric OCD where interference 

control indices indicated nearly zero effect sizes, and set shifting had a small effects (g<.3; 

Abramovitch et al., 2015), and with a recent meta-analysis critically examining cognitive 

flexibility in OCD that found no a meaningful impairment on these outcome measures 

(Fradkin et al., 2018). Second, the largest effects found in the present study were related to 

performance on secondary outcome measures from the Stroop and WCST tests. On the 

WCST, OCD probands and both groups of their unaffected relatives demonstrated deficient 

test performance on the number of ‘Trials to Complete 1st Category’, with large effects for 

siblings, and medium for probands. No meaningful difference between the three samples 
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was found on standard scores. On the Stroop test, probands and unaffected relatives 

exhibited suboptimal performance on word, color and color-word trials, but met the criteria 

for deficient performance (noted above) on the Stroop color naming trial. For this outcome 

measure, siblings and probands exhibited deficient performance, and unaffected parents, 

albeit not crossing the 0.5 cutoff, exhibited suboptimal performance (z= −.28), lending 

additional support to the familial nature of this effect. Similar findings where differences 

between OCD and controls were largely attributed to the WCST and Stroop tests, were 

reported by others, including studies where group differences were attributed largely to the 

Stroop color naming trial and the WCST, in pediatric OCD (e.g., Taner et al., 2011). For 

example, Zhang and colleagues (2015) examined cognitive function among 40 adults with 

OCD, 40 unaffected siblings, and 40 controls, and found that both probands and their 

siblings underperformed controls exclusively on the Stroop, and WCST.

Although the WCST and Stroop generally assess cognitive flexibility and inhibitory control, 

to understand the constructs underlying the specific outcome measure there is a need for a 

high-resolution examination of the corresponding neuropsychological constructs. First, the 

Trials to Complete 1st category on the WCST, measures the number of cards used until 10 

consecutive correct cards are placed that correctly corresponds to the first rule, and before 

the first rule shift on the task. This outcome is different than other outcomes because it 

requires the participant to understand both he nature of the task and the first governing 

sorting rule. Indeed very little information is provided to participants on the WCST, and 

administrators are instructed to read the task instruction with the following sentence: “This 
test is a little unusual because I am not allowed to tell you very much about how to do it…” 

(Heaton et al., 1993). In addition, the only feedback participants receive is whether each card 

was correctly on incorrectly placed. Thus, the number of cards to complete the first category 

on the WCST is considered a specific EF measure of the larger construct of cognitive 

flexibility and set shifting, termed ‘initial conceptualization’ or ‘initial concept formation’ 

(Heaton et al., 1993; Jodzio and Biechowska, 2010; Wiegner and Donders, 1999). The 

second familial findings pertain to the Stroop color naming trials. The present study utilized 

the Golden version of the Stroop test, in which the second trial entails sheet of paper with 

100 ‘XXXX’ stimuli in red, blue and green font, and participants are required to correctly 

name the font color of as many stimuli as possible within a time frame of 45 second. 

Although somewhat less pronounced compared to the Stroop word-color condition where 

participants are required to ignore the name of a color and only name the font color, the 

Stroop Color naming trial is known to elicit the same stimulus response conflict, where there 

is a need to inhibit reading in order to name the color. Indeed, research shows that deficient 

performance on the Stroop color naming trial entail difficulties in proactive control (Littman 

et al., 2019). Indeed, contemporary computation theories of the Stroop task - highlighting 

evidence from studies manipulating proactive control - suggest that the process takes place 

in both incongruent trials (naming the font color in neutral words) as well as in congruent 

trials (naming the font color of non-words).

Overall, these results indicate a familial deficiency among probands with OCD and their 

unaffected relatives on initial concept formation and proactive control, both of which may be 

valid candidate endophenotypes. The WCST is an unusual neuropsychological test, that by 

design is intended to elicit a sense of ambiguity. Indeed, the standard administration 
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instructions instruct the examiner to inform examinees that “This test is a little unusual 
because I am not allowed to tell you very much about how to do it…” (Heaton et al., 1993). 

Moreover, the WCST is known to elicit frustration, and in fact, as part of a suggested 

functional taxonomy of EF it has been argued that the WCST should be the primary 

objective measure of ‘frustration tolerance’ (Callahan, 2001). In addition, the clear element 

of ambiguity regarding task demands in the first stage my tap into intolerance to ambiguity 

in OCD. This may explain the pattern of our results where outcome measures assessing 

performance after the correctly identifying the initial sorting rule, were largely intact. In 

addition, the ambiguous nature and lack of familiarity with non-words may explain why 

deficiency was more pronounced than the word-color trial.

The present study has several strengths including large sample sizes, focus on pediatric 

probands, assessing two unaffected family members, utilizing reliable normative test data 

that enabled accurate calculation of standard scores, and the increased ecological validity 

emanating from limited exclusion criteria employed. However, the present study is not 

without limitations. First, this study did not assess the planning domain which has been 

recently proposed as a viable candidate endophenotype in pediatric OCD (Negreiros et al., 

2020). However, as opposed to adults with OCD, pediatric OCD may be associated only 

with small effect sizes for planning (Abramovitch et al., 2015). Second, given the 

administration and normative data issues pertaining to the RCFT, we were not able to 

compare standard scores for the RCFT across groups, but only raw scores between probands 

and siblings of the same age range. However, although comparisons between OCD and 

control samples on RCFT memory trials usually produce larger effects compared to other 

cognitive domains in adults, in pediatric OCD aggregated effect sizes for non-verbal 

memory have been found to be near zero, with some studies reporting superior performance 

among pediatric OCD samples compared to controls (Abramovitch et al., 2015).

5. Conclusions

Results from the present comprehensive familial study of neurocognitive function in OCD 

suggests that deficient proactive control and initial concept formation, seen in both probands 

and unaffected siblings are valid candidate endophenotypes for OCD. These effect on 

secondary outcome measures from the WCST and the Stroop test – that are considered tests 

of cognitive flexibility and inhibitory control – highlight the need for a high-resolution 

examination of neurocognitive outcome measures, and echo the call to address the difference 

in construct validity between outcome measures from the same tests in OCD (Fradkin et al., 

2018). In addition, rigorous familial comparative studies are needed in order to assess 

specificity and discriminant validity of such markers between different disorders, or different 

psychopathological mechanism, as per the Research Domain Criteria (RDoC) initiative.
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Highlights

• A large, carefully screened cohort of pediatric OCD probands, their 

unaffected siblings and parents completed a neuropsychological battery.

• Deficient performance was found among OCD probands and unaffected 

relatives on initial concept formation and proactive control.

• These subdomains of cognitive flexibility and inhibitory control may be 

candidate endophenotypes of OCD.

• These results echo the need for a high-resolution examination of secondary 

neurocognitive outcome measures.

Abramovitch et al. Page 13

Prog Neuropsychopharmacol Biol Psychiatry. Author manuscript; available in PMC 2022 August 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Standard neuropsychological test scores (Z) for pediatric probands and unaffected siblings, 

and parents. Performance across 16 neurocognitive outcome measures is presented for OCD 

probands, unaffected siblings and unaffected parents. Z scores were derived from test norms. 

Negative values represent performance below the norm.
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Table 1.

Demographic and Clinical Characteristics of Study Participants

Probands Siblings Parents

Age 11.5 (3.1) 12.3 (4.9) 44.2 (5.6)

Gender (female) 40.5% 51.3% 54.9%

WRAT Reading Percentile 69.1 (21.1) 61.7 (19.4) 69.4 (17.9)

WRAT Arithmetic Percentile 57.0 (26.0) 52.6 (24.3) 61.1 (25.5)

CY-BOCS Total 21.3 (5.3) - -

CY-BOCS Obsessions 10.0 (2.9) - -

CY-BOCS Compulsions 11.1 (2.8) - -

Medication at Time of Testing 60.3% 14.1% 24.4%

Note: Mean (SD) reported for continuous variables, and % endorsement reported for categorical variables. CY-BOCS, Children’s Yale-Brown 
Obsessive-Compulsive Scale; WRAT, wide range achievement test.
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