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Executive functions as a potential 
neurocognitive endophenotype  

in anxiety disorders

A systematic review considering DSM-IV and  
DSM-5 diagnostic criteria classification

Juliana de Lima Muller1, Kamilla Irigaray Torquato2, Gisele Gus Manfro3, Clarissa Marceli Trentini4

ABSTRACT. Evidence in the literature indicates that neurocognitive impairments may represent endophenotypes in 

psychiatric disorders. Objective: This study aimed to conduct a systematic review on executive functions as a potential 

neurocognitive endophenotype in anxiety disorder diagnosis according to the DSM-IV and DSM-5 classifications. 

Methods: A literature search of the LILACS, Cochrane Library, Index Psi Periódicos Técnico-Científicos, PubMed and 

PsycInfo databases was conducted, with no time limits. Of the 259 studies found, 14 were included in this review. 

Results: Only studies on obsessive-compulsive disorder (OCD) were found. The executive function components of 

decision-making, planning, response inhibition, behavioral reversal/alternation, reversal learning and set-shifting/cognitive 

flexibility were considered to be a neurocognitive endophenotypes in OCD. Conclusion: Further studies on executive 

functions as a neurocognitive endophenotype in other anxiety disorders are needed since these may have different 

neurocognitive endophenotypes and require other prevention and treatment approaches. 
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FUNÇÕES EXECUTIVAS COMO UM POTENCIAL ENDOFENÓTIPO NEUROCOGNITIVO NOS TRANSTORNOS DE ANSIEDADE: UMA 

REVISÃO SISTEMÁTICA DA LITERATURA CONSIDERANDO OS CRITÉRIOS DIAGNÓSTICOS DO DSM-IV E DO DSM-5

RESUMO. Evidências na literatura indicam que déficits neurocognitivos podem representar endofenótipos nos transtornos 

psiquiátricos. Objetivo: Esse estudo teve como objetivo realizar uma revisão sistemática das funções executivas como 

um potencial endofenótipo neurocognitivo nos transtornos de ansiedade de acordo com as classificações diagnósticas 

do DSM-IV e do DSM-5. Métodos: Uma pesquisa na literatura nas bases de dados LILACS, Cochrane Library, Index Psi 

Periódicos Técnico-Científicos, PubMed and PsycInfo foi conduzida, sem limite de tempo. Dos 259 estudos encontrados, 

14 foram incluídos nessa revisão. Resultados: Somente foram encontrados estudos sobre o transtorno obsessivo-

compulsivo (TOC). Os componentes das funções executivas como a tomada de decisão, planejamento, inibição de 

resposta, inversão comportamental/alternância, aprendizagem reversa e mudança de foco/flexibilidade cognitiva 

foram considerados endofenótipos neurocognitivos no TOC. Conclusão: É necessário o desenvolvimento de estudos 

sobre funções executivas como um endofenótipo neurocognitivo em outros transtornos de ansiedade, pois eles podem 

apresentar diferentes endofenótipos neurocognitivos e podem exigir abordagens de prevenção e tratamento distintas.
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INTRODUCTION

Endophenotypes have been considered an important 
concept in the study of neuropsychiatric diseases. It 

is known that there are different types of endopheno-
types: neurophysiological, biochemical, endocrinologic, 
neuroanatomical, cognitive, and neuropsychological 
(including configured self-report data). Endopheno-
types are intermediate measures of diseases between 
phenotype and genotype, and may represent simpler 
clues to genetic underpinnings than the disease syn-
drome itself, providing the decomposition or decon-
struction of psychiatric diagnosis. They are associated 
with a candidate gene or gene region, as well as to the 
heritability that is inferred from relative risk for the dis-
order in relatives, and disease association parameters.1 
According to this view, some criteria must be fulfilled in 
order to be considered an endophenotype: [a] be asso-
ciated with the disease in the population; [b] be state-
independent (manifests in an individual whether or 
not the illness is active); [c] be heritable; [d] be co-seg-
regated with the disease; e) be identified in unaffected 
first-degree relatives (UFDR) of patients at a higher rate 
than in the general population.1,2

From this perspective, there is an ongoing search in 
psychiatry for candidate endophenotypes that may rep-
resent vulnerability markers for disease development 
and lie closer to the genetic origins of the disorder.1 
Research on this topic has focused attention on diseases 
such as autism,3 schizophrenia,4,5 bipolar disorder,6 
major depressive disorder7 and attention deficit hyper-
activity disorder.8 However, to date, there are few studies 
exploring neuropsychological endophenotypes in anxi-
ety disorders. The Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5), considers the 
following as anxiety disorders: separation anxiety disor-
der, selective mutism, specific phobia, social anxiety dis-
order (social phobia), panic disorder, agoraphobia and 
generalized anxiety disorder.9 Although the obsessive-
compulsive disorder originally belonged to this group in 
the Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition,10,11 it is currently classified into the 
obsessive-compulsive and related disorders group rep-
resenting a specific new group of disorders.9 Moreover, 
posttraumatic stress disorder and acute stress disor-
der, both originally part of the anxiety disorders group 
under the DSM-IV, now belong to trauma- and stressor-
related disorders, another a new group. Although obses-
sive-compulsive disorder, posttraumatic stress disorder 
and acute stress disorder are not considered anxiety 
disorders under the DSM-5, there is a close relationship 
between them and anxiety disorders.9

Anxiety disorders are among the most prevalent 
psychiatric disorders12 and the most frequent in Bra-
zil.13 Besides presenting a high prevalence, anxiety dis-
orders are associated to impairment in social, academic 
and health aspects, as well as increased suicide rates.14 
One of the deleterious effects that may be observed in 
these patients is deficit in cognitive abilities, as well as 
in executive functions.15,16 The executive functions are 
a complex and comprehensive construct.17 They allow 
a person to guide their own behavior according to spe-
cific objectives, evaluate their efficiency and adequacy, 
discard ineffective strategies and maintain the most 
adapted ones, aiming at problem-solving in everyday 
functioning.18 This construct encompasses specific cog-
nitive processes, for example, controlled attention, flu-
ency, abstract thinking, self-regulation, planning, inhib-
itory control and cognitive shifting.19

Neurocognitive dysfunctions are potential endophe-
notype markers in different psychiatric disorders1,20 and 
are regarded to be among the most promising candidate 
endophenotypes.21 The fact that neurocognitive func-
tions can be reliable and stable over time makes them 
valuable endophenotypes.22 

With regard to research involving the evaluation of 
executive functions in anxiety disorders according to 
the DSM-IV, there are many studies evaluating patients 
with OCD. It has been suggested that individuals with 
OCD experience difficulties in planning ability,23-25 cog-
nitive and motor inhibition,20,25,26 shifting attention,27,28 
decision making23,29 and verbal fluency.25,30 A meta-anal-
ysis indicated that patients with OCD were significantly 
impaired on tasks measuring executive functions. The 
researchers found a relatively large effect size for plan-
ning and a moderate effect size for set-shifting abil-
ity, cognitive inhibition, verbal fluency and processing 
speed.31 

On the other hand, deficits have been found in 
working memory,32 sustained attention,33 processing 
speed,34,35 inhibition34,36,37 and attentional switching34 
in posttraumatic stress disorder (PTSD). Furthermore, 
findings of a meta-analysis indicated that PTSD is asso-
ciated with neurocognitive deficits of a medium mag-
nitude in attention/working memory, and processing 
speed, but with smaller deficits in other components of 
executive functions.38

Studies involving the evaluation of executive func-
tions in anxiety disorders other than OCD and PTSD 
suggest impairments to executive functions, as well 
as to set-shifting abilities,39 verbal fluency15 and work-
ing memory40,41, in social anxiety disorder (SAD). Con-
versely, a systematic review indicated sparse evidence 
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that patients with SAD have executive dysfunction, 
where only one out of five neuropsychological studies 
found significant differences between clinical and con-
trol groups.42 

Research investigating panic disorder (PD) has 
found some deficits in affected individuals on divided 
attention,15 psychomotor speed,15,16 initiation, inhibi-
tion,16 working memory,16,43 verbal fluency and category 
formation.43 Nevertheless, research on cognitive func-
tions in patients with PD is limited and some studies 
found no impairment in executive functions.44 Research 
indicates that individuals with generalized anxiety dis-
order (GAD) have inhibition and cognitive flexibility dif-
ficulties. 45-47 By contrast, other researchers have failed 
to find deficits in GAD or in specific phobia.15

Some studies have described deficits in working 
memory,48 attentional components and processing 
speed49 in selective mutism.49 Nevertheless, there is a 
lack of studies on executive functions in selective mut-
ism, as well as separation anxiety disorder.

Therefore, it can be concluded that results are incon-
sistent, with little clarification as to which components 
of executive functions may be impaired in anxiety dis-
orders. Research results on executive functions as an 
endophenotype may help elucidate this issue, clarifying 
whether deficits in executive functions are secondary to 
the presence of the disorder or whether they can serve 
as vulnerability markers for disease development and 
lie closer to the genetic origins of the disorder. Further-
more, identifying those components of executive func-
tions that can be considered vulnerability markers for the 
development of an anxiety disorder may assist toward 
prevention in at risk populations and also emphasize 
the importance of a better understanding of potential 
neurocognitive endophenotypes in anxiety disorders. 

Thus, the objective of this study was to conduct a 
systematic review on executive functions as a potential 
neurocognitive endophenotype in anxiety disorders 
classified according to the DSM-IV and DSM-5 diag-
nostic criteria. Until recently, studies involving anxiety 
disorder samples have assessed anxiety disorders as 
defined by the DSM-IV. Therefore, both DSM-IV and 
DSM-5 anxiety disorders were included in this system-
atic review.9,10

METHODS
The research question that directed this study was as 
follows: are executive functions a neurocognitive endo-
phenotype in anxiety disorders, classified according to 
the DSM-IV or DSM-5 diagnostic criteria? In order to 
answer this question based on a systematic review, the 

Assessment of Multiple Systematic Reviews (AMSTAR) 
protocol was followed. The following search engines 
were consulted to conduct this review: LILACS, The 
Cochrane Library, Index Psi Periódicos Técnico-Cientí-
ficos, PubMed and PsycInfo, at or around January 2015 
(all research published up to this date). The descriptors 
were taken from DeCS (Portuguese), DeCS (English), 
Terminologia em Psicologia, MeSH and the Thesaurus 
of Psychological Index Terms, respectively. A search of 
the best descriptors to be used in each database was 
performed, as these differed across the databases. The 
descriptors used on each database can be seen in Figure 
1 under the results section. For each database, the 
criteria “any field” was adopted, not using selection by 
title, author, etc. 

The search and study selection were systematically 
and independently conducted by two investigators. 
Inclusion criteria were as follows: [a] empirical studies 
of clinical or subclinical samples with Separation Anxi-
ety Disorder, Selective Mutism, Specific Phobia, Social 
Anxiety Disorder, Panic Disorder, Agoraphobia, Gener-
alized Anxiety Disorder, Obsessive-Compulsive Disor-
der, Posttraumatic Stress Disorder and/or Acute Stress 
Disorder, and/or with unaffected relatives; [b] studies 
answering the research question, considering investiga-
tions on executive functions as a neurocognitive endo-
phenotype in anxiety disorders; studies using at least 
one neuropsychological instrument to assess executive 
functions and/or its components; [c] studies published 
in Portuguese, English or Spanish. Studies were sepa-
rately examined by the investigators and excluded if 
they did not meet the inclusion criteria or if they were 
repeated. Any discordance between the investigators 
was discussed to reach a consensus conclusion. 

RESULTS
Based on the intersection of descriptors in the data-
bases, the search retrieved 259 papers. The final search 
resulted in 13 studies analyzing components of execu-
tive functions as a possible neurocognitive endopheno-
type of anxiety disorders. Besides the studies selected 
from the databases consulted, one further paper was 
added from the author’s personal records.20 Therefore, 
14 studies were included in total. The flowchart is shown 
in Figure 1.

The 14 selected studies evaluated participants with 
OCD and/or their UFDR, or subclinical obsessive–com-
pulsive participants. Table 1 shows information on the 
studies included in the review by country, sample, age, 
instruments and results. Only instruments assessing 
components of executive functions were included in 
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DATABASES

LILACS PubMed PsycInfo

Descriptors: “Transtornos de ansiedade” OR 
“Transtorno de ansiedade de separação” OR 
“Mutismo seletivo” OR Fobias OR “Transtorno 

de Ansiedade Social” OR “Transtorno de 
Pânico” OR Agorafobia OR “Transtorno 

Obssessivo-compulsivo” OR “Transtornos 
de Estresse Pós-traumáticos” AND 

Endofenótipos (or Fenótipo) AND “Função 
executiva” (or Cognição or Neuropsicologia)

Descriptors: “Anxiety Disorders” OR 
“Separation Anxiety Disorder” OR “Selective 

Mutism” OR Phobias OR “Social Phobia” 
OR “Panic Disorder” OR Agoraphobia OR 

“Obsessive-Compulsive Disorder” OR 
“Acute Stress Disorder” OR “Post-Traumatic 

Stress Disorder” AND Endophenotype  (or 
Phenotype) AND “Executive Function” (or 

Cognition or Neuropsychology)

Descriptors: “Anxiety Disorders” OR 
“Separation Anxiety” OR “Elective Mutism” 
OR Phobias OR “Social Phobia” OR “Panic 
Disorder” OR Agoraphobia OR “Generalized 

Anxiety Disorder” OR “Obsessive-Compulsive 
Disorder” OR “Acute Stress Disorder” 

OR “Posttraumatic Stress Disorder” AND 
Endophenotype  (or Phenotypes) AND 
“Executive Function” (or Cognition or 

Neuropsychology)

Index Psi Periódicos Técnicos-Científicos The Cochrane Library

Descriptors: Genética AND Cognição 
(or Neuropsicologia)

Descriptors: Endophenotypes (or Phenotypes) 
AND “Executive function (or Cognition 

or Neuropsychology)

259 studies found
0 in LILACS
16 in Index Psi Periódicos Técnico-Científicos
124 in PubMed
80 in PsycInfo
39 in The Cochrane Library

246 studies excluded
22 duplicates
224 did not match the inclusion criteria

13 studies selected through the intersection 
of descriptors in the databases
1 study was added from the author’s 
personal records

14 studies selected and included for analysis 
in the review

Figure 1. Flowchart with studies selection steps forming this systematic review.

Table 1. Also, only results that indicated deficits/impair-
ments in components of executive functions as a neuro-
cognitive endophenotype are shown. Instruments and 
results regarding other neurocognitive functions were 
not given in Table 1, as this was beyond the scope of the 
paper.

The deficits/impairments most frequently found 
in OCD, were related to the following abilities: behav-
ioral reversal/alternation,50,51 set-shifting/cognitive 
flexibility,50,52,53 decision making,23,51,54-56 response inhi-
bition,20,50,52,53,57,58 planning,23,55,59 reversal learning,60 
spatial working memory59,61 and sustained attention.57 
For a deeper analysis of the results found in the system-
atic review, the neuropsychological instruments were 

grouped in the Discussion section according to the com-
ponents of executive function evaluated.

DISCUSSION
The purpose of this systematic review was to verify 
whether executive functions are a potential neurocogni-
tive endophenotype in anxiety disorders, as diagnosed 
according to DSM-IV andz DSM-5 classification. Only 
studies on OCD were found in the systematic review, 
although descriptors of all anxiety disorders were used. 
As noted regarding research on anxiety disorders, most 
studies have investigated neurocognitive aspects of 
OCD, with few studies focusing on other anxiety disor-
ders.62 This same pattern was found with regard to 
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Table 1. Studies included in the review by country, sample, age (years), instruments and results. 

Study Country Sample Age (M) Instruments Results (deficits/impairments)*

Abramovitch et al., 
201557

United States 27 SOC 
27 LOC 

24.2
24.1

Expanded Go/No-Go Task Response inhibition and sustained 
attention (SOC)

Cavedini et al., 
201023

Italy 35 OCD 
35 UFDR
31 HC 
31 HCR 

35.6
45
34.7
43.2

Iowa Gambling Task, Tower of Hanoi, 
Wisconsin Card Sorting Test

Decision making and planning (OCD and 
UFDR)

Chamberlain et al., 
200752

United Kingdom 20 OCD 
20 UFDR 
20 HC

32.1
34.2
33.1

Intradimensional/Extradimensional 
Shift Task, Stop Signal Task, Cambridge 
Gamble Task

Set-shifting/cognitive flexibility and 
response inhibition (OCD and UFDR)

Chamberlain et al., 
200860

United Kingdom 14 OCD 
12 UFDR
15 HC 

31.7
39.5
34.8

A functional magnetic resonance imaging 
task capable of fractionating different 
components of cognitive flexibility

Reversal learning (OCD and UFDR)

Delorme et al., 
200759

France 64 UFDR** 
47 HC 

42.3
38

Tower of London Test, Trail Making Test, 
Design Fluency Task, Verbal Fluency Test 
(letter), Association Fluency task

Planning (UFDR**)

da Rocha et al., 
200854

Brazil 32 OCD S/Lg
17 OCD La/La

29.4
31.2

Iowa Gambling Task, CPT-II, Trail Making 
Test

Decision making (OCD S/Lg)

de Vries et al., 
201461

Netherlands 43 OCD 
17 UFDR 
37 HC 

38.1
36.4
39.2

N-back Task Spatial working memory (OCD and UFDR)

Lennertz et al., 
201258

Germany 30 OCD 
30 UFDR
30 HC

40.6
42.1
42.7

Verbal Fluency Test (letter), Tower of 
London, Trail Making Test, Saccadic tasks

Response inhibition (OCD and UFDR)

Menzies et al., 
200720

United Kingdom 31 OCD 
31 UFDR 
31 HC

32.5
36.7
33.4

Stop Signal Task Response inhibition (OCD and UFDR)

Rajender et al., 
201153

India 30 OCD 
30 UFDR 
30 HC 

25.6
26.4
26.9

Colour Trails Test, Digit Vigilance Test, 
The Triads Test, Tower of London Test, 
Wisconsin Card Sorting Test, Stroop Test- 
NIMHANS version

Set-shifting/cognitive flexibility and 
response inhibition (OCD and UFDR)

Rao et al., 
200850

India 30 ROCD 
30 HC

27.8
27.9

Digit span test, Continuous Performance 
Test, Trail Making Test, Stroop Color Word 
Interference Test, Wisconsin Card Sorting 
Test, Delayed Alternation Test, Tower of 
London, Controlled Oral Word Association 
Test, Letter Number Sequencing and 
Spatial Span

Set-shifting/cognitive flexibility, behavioral 
reversal/alternation and response 
inhibition (ROCD)

Viswanath et al., 
2009 51

India 25 UFDR** 
25 HC 

27.5
27.4

Continuous Performance Test, Trail Making 
Test, Stroop Colour Word Interference 
Test, Delayed Alternation Test, Tower of 
London, Controlled Oral Word Association 
Test, Iowa Gambling Task, Wisconsin Card 
Sorting Test, Letter number sequencing, 
Spatial span

Decision making and behavioral reversal/
alternation (UFDR**)

Zhang et al.,
201555

China 55 OCD 
55 UFDR
55 HC 

26.5
28.4
27.9

Stroop Color Word Test, Trail Making Test, 
Digit Span Test, Verbal Fluency Tests (letter 
and category), Wisconsin Card Sorting 
Test, Tower of London, Iowa Gambling 
Task, Game of Dice Task

Decision making and planning (OCD and 
UFDR)

Zhu et al.,
201456

China 14 SOC
14 LOC

19.9
19.6

Iowa Gambling Task Decision-making (SOC)

OC: obsessive-compulsive; OCD: obsessive-compulsive disorder patients; UFDR: unaffected first-degree relatives of patients; SOC: subclinical obsessive- compulsive participants; LOC: low 
obsessive-compulsive symptoms control participants; HC: healthy controls; HCR: healthy controls relatives; ROCD: recovered obsessive-compulsive disorder patients; S/Lg: patients with S- and/or 
Lg-carriers; La/La: patients with the La/La genotype. * Participants with deficits/impairments given in parentheses). **Relatives of patients with obsessive-compulsive disorder.
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studies investigating executive functions as an endo-
phenotype in anxiety disorders. 

Although the 14 studies found considered OCD, they 
employed different methodologies and samples for the 
investigation of executive functions as an endopheno-
type of the disorder. Most of the investigations (eight 
studies) comprised pairs of UFDR and OCD patients 
compared to healthy controls,20,23,52,53,55,58,60,61 a design 
which has been used since the first studies of the endo-
phenotype concept in psychiatry.1 Two studies had a 
similar methodology, comparing UFDR of OCD patients 
against healthy controls.51,59 One study compared OCD 
patients in remission versus healthy controls, investi-
gating whether neuropsychological deficits would be 
present in the recovered phase.50 Another study evalu-
ated OCD patients, but explored the link between 
decision-making and the serotonin system (serotonin 
transporter promoter polymorphism) in the sample,54 
another approach to better understand the endophe-
notype concept.1 Two studies used a sampling type that 
has been used more recently in the study of endopheno-
types. The participants of these studies were a subclini-
cal obsessive-compulsive sample and a low obsessive-
compulsive symptoms control sample.56,57 It has been 
hypothesized that the current understanding of endo-
phenotypes in psychiatric research is that these mark-
ers lie along a continuum in the population. Concerning 
this hypothesis, complementary investigations in the 
general population are needed.63

It has been suggested that components of executive 
functions can be considered neurocognitive endophe-
notypes in OCD, as all the 14 studies retrieved in the 
systematic review indicated deficits/impairments in at 
least one such component. On the other hand, some 
components of executive functions are not linked to 
neurocognitive endophenotype in this disorder, such 
as verbal fluency, processing speed, working memory 
and sustained attention. Verbal fluency did not rep-
resent a vulnerability marker for development of the 
disease in all studies in which this component was 
evaluated.50,51,55,58,59 Some research evaluated the ortho-
graphic component (e.g. Lennertz et al., 2012)58 while 
others investigated the semantic one (e.g. Zhang et al., 
2015),55 but in all studies verbal fluency was not sug-
gested to be a vulnerability marker for the development 
of the disorder. 

Processing speed was evaluated using different tests, 
such as the Trail Making Test - reaction time part A (e. 
g. Lennertz et al., 2012; Rao et al., 2008),50,58 Trail Mak-
ing Test – reaction time part B minus reaction time part 
A (e.g. da Rocha et al., 2008)54 and Continuous Perfor-

mance Test – reaction time (e.g. Rao et al., 2008).50 How-
ever, none of the studies that investigated this compo-
nent found that it could be an endophenotype of the 
disorder.50,51,54,55,58

One study, using a visuospatial n-back task dur-
ing functional magnetic resonance imaging, suggested 
that the working memory could be a neurocognitive 
endophenotype in OCD.61 The authors found that OCD 
patients and their UFDR showed task-related hyper-
activity in the frontoparietal network as compared to 
healthy participants, providing evidence that increased 
recruitment of the frontoparietal network constitutes 
an endophenotype of the disorder.61 Other studies 
investigating working memory using the Digit Span 
Test, the Letter Number Sequencing and the Spatial 
Span presented negative findings.50,51,55 Thus, the major-
ity of studies indicate that working memory is not an 
endophenotype in OCD.

Abramovitch et al. (2015)57 studied sustained atten-
tion using the Expanded Go No-Go Task (response 
time) to compare a subclinical obsessive-compulsive 
sample and a low obsessive-compulsive symptoms 
control sample and found that the former group had 
deficient sustained attention. Nevertheless, the study 
used a non-clinical sample and no structured clinical 
interview, making it difficult to extrapolate the results. 
Besides this study, others have assessed sustained atten-
tion with the Continuous Performance Test – omission 
errors (e.g. Viswanath et al., 2009),51 the Colour Trails 
Test – part 153 and the Digit Vigilance Test.53 With the 
exception of Abramovitch et al. (2015),57 all other stud-
ies indicated that sustained attention deficits are not 
associated with OCD.50,51,53,54 

On the other hand, according to this systematic 
review, some components of executive functions are 
considered neurocognitive endophenotypes in OCD. 
These components include the following: decision-mak-
ing, planning, response inhibition, behavioral reversal/
alternation, reversal learning and set-shifting/cognitive 
flexibility.

The most used task for the assessment of decision-
making was the Iowa Gambling Task and all studies 
that used this test suggested that decision-making 
might qualify as an endophenotype for OCD.23,51,54-56 
An interesting issue is that, in the study of da Rocha et 
al. (2008),54 this neuropsychological function was also 
associated with the presence of the polymorphism of 
the serotonin transporter gene and verified that those 
with the short allele (s/Lg), i.e. low expression function, 
performed significantly worse on the test. 

As outcomes and probabilities are implicit in the 
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Iowa Gambling Task, the participant has to initially find 
some effective information and figure out the options' 
qualities by himself by means of processing feedback 
of previous choices. This task assesses decision-mak-
ing under ambiguity, in which the possible choices are 
highly ambiguous and the participant must learn to 
avoid the disadvantageous card decks through feedback 
from previous trials.55,64

Only two studies found intact decision-making in 
OCD patients and their relatives compared to healthy 
controls.52,55 One study used The Cambridge Gamble 
Task52 and the other the Game of Dice Task.55 The Game 
of Dice Task consists of a task that evaluates decision-
making under risk, because explicit information about 
the potential consequences of different choices and 
their probabilities are provided in some decision situa-
tions.65 The study of Zhang et al. (2015)55 went a step 
further to simultaneously evaluate decision-making 
under ambiguity (Iowa Gambling Task) and decision 
making under risk situations (Game of Dice Task), and 
showed that dissociation of decision making under 
ambiguity and decision making under risk is a more 
appropriate potential neurocognitive endophenotype 
for the disorder. However, more studies involving neu-
ropsychological instruments that assess decision mak-
ing under ambiguity and decision making under risk are 
needed to confirm this hypothesis.

Two studies that used the Tower of London Test55,59 
and one study that used the Tower of Hanoi Test,23 dem-
onstrated that deficits in planning might represent a 
neurocognitive endophenotype for OCD. These findings 
however, are not consistent, since other studies50,51,53,58 
also using the Tower of London Test did not indicate 
impairments in the groups of unaffected relatives of 
OCD patients or in recovered OCD patients. These stud-
ies had smaller sample sizes as compared to others,23,55,59 
suggesting that smaller sample size may not have the 
power to detect differences between groups. 

Considering response inhibition, Chamberlain et al. 
(2007)52 and Menzies et al. (2007)20 found lower per-
formance on the Stop Signal Task (reaction times) in 
UFDR and OCD patients. Lennertz et al. (2012)58 also 
indicated impaired response inhibition in UFDR and 
OCD patients, evaluated using the anti-saccade task. 
Moreover, Abramovitch et al. (2015)57 found that a sub-
clinical obsessive-compulsive sample committed more 
errors on the Expanded go/no-go task (commission 
errors) compared to a low obsessive-compulsive symp-
toms control sample. These results suggested that poor 
response inhibition appears to be a familial marker of 
OCD across the mentioned tasks.

On the other hand, the findings of two studies 
using the Continuous Performance Test - commission 
errors50,54 and of two studies employing the Stroop 
Colour Word Interference Test51,55 were contradictory 
in as far as the results did not indicate that response 
inhibition could be a potential neurocognitive endo-
phenotype for the disorder. Rao et al. (2008)50 showed 
that patients in the recovered phase of the illness had 
significant deficits in response inhibition on the Stroop 
Colour Word Interference Test, but the instrument had 
not been validated for use in their population and lan-
guage, compromising the findings observed.

Thus, it can be hypothesized that the Stop Signal 
Task (reaction times), the Expanded go/no-go task 
(commission errors) and the anti-saccade task used by 
Lennertz et al. (2012)58 appear to be more sensitive 
than the Continuous Performance Test (commission 
errors) and the Stroop Colour Word Interference Test 
for evaluating response inhibition as an endopheno-
type in OCD. Although the present systematic review 
showed that response inhibition represents a vulner-
ability marker for OCD development, impairments in 
this component had a relatively small effect size among 
patients with OCD in a recent meta-analysis.31 Further 
exploration to compare different response inhibition 
tests among OCD samples are needed, enabling a better 
understanding of the role of this component as a candi-
date endophenotype marker.

Behavioral reversal/alternation and reversal learn-
ing abilities were evaluated by few studies. Only two 
assessed behavioral reversal/alternation and used 
the Delayed Alternation Test.50,51 In this test, a rule is 
learnt and then subsequently needs to be inhibited 
and reversed in order to maintain good performance.66 
Viswanath et al. (2009)51 found that unaffected rela-
tives of OCD probands showed significant deficits on 
the test as compared to healthy controls whereas Rao 
et al. (2008)50 showed that patients in the recovered 
phase of the disorder performed poorly when compared 
to healthy controls i.e., deficits in behavioral reversal/
alternation could be a potential endophenotype in OCD.

Reversal learning, an ability associated to behavioral 
flexibility after negative feedback, was evaluated in only 
one of the studies found in this systematic review.60 The 
authors used a functional magnetic resonance imaging 
task to fractionate different components of behavioral 
flexibility, including reversal of responses, and identi-
fied abnormally reduced activation of several cortical 
regions, including the lateral orbitofrontal cortex, dur-
ing reversal learning in OCD patients and their unaf-
fected relatives. The authors concluded that reversal-
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learning is related to hypofunction and this appeared 
to be a vulnerability marker for OCD. Thus, there is 
evidence that behavioral reversal/alternation as well as 
reversal learning could be considered endophenotype 
candidates for OCD. However, more research is needed 
to corroborate these findings.

Regarding set-shifting/cognitive flexibility, different 
instruments were used to measure these components of 
executive functions. Studies using the Trail Making Test 
(response time part B), the Design Fluency Test and the 
Colour Trails Test (part 2) suggested that set-shifting/
cognitive flexibility are not deficient in OCD.50,51,53,55,58,59 
Nevertheless, other studies showed contradictory 
results. Chamberlain et al. (2007)52 assessed set-shift-
ing/cognitive flexibility with an Intradimensional/
Extradimensional Shift Task and demonstrated that 
OCD patients and their relatives had impaired perfor-
mance on these abilities. Similarly, three studies used 
the Wisconsin Card Sorting Test and found that deficits 
in set-shifting/cognitive flexibility were observed in 
OCD patients and their relatives23,53 or among patients 
in the recovered phase of the disease.50 On the other 
hand, two other studies used the same instrument and 
indicated that OCD patients and their relatives per-
formed as well as healthy controls.51,55

It should be noted, however, that different versions 
of the Wisconsin Card Sorting Test were used by the dif-
ferent studies, for example, Viswanath et al. (2009)51 
assessed their sample with a computerized version, 
while Zhang et al. (2015)55 and Rao et al. (2008)50 used 
a non-computerized version. A meta-analysis previ-
ously revealed that the use of different forms of this test 
might explain a significant proportion of the heteroge-
neity in the estimated effects for the test and that the 
computerized version appears to be more sensitive than 
the classical method in identifying deficits in patients 
with OCD.31 Thus, according to the results of this review, 
there is evidence that set-shifting/cognitive flexibility 
could be considered endophenotype candidate markers 
in OCD and the Wisconsin Card Sorting Test appears to 
be the most sensitive test for investigating these abili-
ties. However, according to the findings of Shin et al. 
(2014),31 further studies with the computerized version 
could further understanding on the role of this ability as 
an endophenotype of OCD. 

An important issue to be noted is that there was a fair 
degree of heterogeneity in certain variables employed 
by the evaluated studies. Age at disease onset was a 
variable indicated in only five of the studies20,23,50,51,55 
while disease duration was also described in only five 
studies.20,50,51,53,55 These variables have previously been 

considered as possible moderators affecting cognitive 
functioning in OCD67 and should be better investigated 
in future studies.

Furthermore, the medication status and presence of 
comorbidities in the samples of patients differed among 
studies. In three studies, patients were free of medica-
tion, 53,55,61 however, in five studies the majority or all 
patients were on medication.20,50,54,58,60 The studies of 
Cavedini et al. (2010)23 and Chamberlain et al. (2007)52 
evaluated patients with OCD and provided no informa-
tion about the use of medications. Regarding comorbidi-
ties, three studies did not exclude psychiatric comorbidi-
ties in their sample,54,58,61 while in seven studies the OCD 
patients had no comorbidities.20,23,50,52,53,55,60 It is possible 
that discrepant findings in this systematic review are 
attributable to confounding variables including medica-
tion status68 and the presence of comorbidities.27

Other aspects that can be attributed to the inconsis-
tent pattern of results for some components of execu-
tive functions are the heterogeneous nature of OCD.69 
Moreover, sample size and different test forms and 
methods of testing most likely influenced performance 
of the samples. Future studies are needed to carefully 
select the form of each test and the methods of testing 
to better investigate whether executive functions can be 
considered a neurocognitive endophenotype in OCD.

The investigation of endophenotypes in psychia-
try is very recent1 and research evaluating executive 
functions as a neurocognitive endophenotype in OCD 
started even later, with the first study published in 
2007.52 Thus, research assessing executive functions in 
patients and relatives with anxiety disorders, such as 
PD, GAD and SAD, could provide a better understand-
ing of these disorders, contributing to more appropriate 
diagnosis and treatment of patients.

In conclusion, there are indications that decision-
making, planning, response inhibition, behavioral 
reversal/alternation, reversal learning and set-shifting/
cognitive flexibility are inherent traits of OCD. How-
ever, additional research should be conducted before 
definitive conclusions are reached, since few related 
studies have been carried out to date. Finally, through 
this systematic review, studies evaluating neurocogni-
tive functions in other anxiety disorder patients besides 
individuals with OCD are warranted. Anxiety disorders, 
including OCD, have been shown to share genetic and 
environmental risk factors.70 Nevertheless, although 
these disorders exhibit similar features, they can have 
different neurocognitive endophenotypes and may 
require different prevention and treatment approaches. 
Identifying neurocognitive vulnerability markers might 
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prove to be an important avenue toward better under-
standing and treatment of anxiety disorders.
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