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Impairment of executive functions in patients with Generalized Anxiety Disorder
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Abstract

Generalized Anxiety Disorder (GAD) affects individuals of all ages, causing physical and cognitive impairment, thus
reducing their quality of life. The evaluation of the cognitive capacity of patients with GAD is an important tool when
trying to understand the damages that this disorder brings to the individual. Therefore, the present study aimed to
understand if there are losses or alterations in cognitive functions, mainly executive ones of these individuals. Twenty-
one subjects, both men and women, underwent a 2-back test to assess working memory performance and a Stroop
Task to assess inhibitory control, comprising a TAG Group (h = 11) and a Control Group (n = 10). The patients were
selected from ambulatory care at a tertiary hospital in the Western Sdo Paulo. The results showed important
differences in the performance of patients with GAD, who exhibited equivalent reaction time (RT) performance in the
2-back test, but with a greater number of errors. At the Stroop task they are consistently slower than the Control
Group, for the equivalent number of errors. Taken together, these data point to significant prejudice in GAD, even
within a limited sample of subjects.

Keywords: Executive function; Psychophysics; Stroop task; Anxiety disorders.

Resumo

O Transtorno de Ansiedade Generalizada (TAG) afeta individuos de todas as idades, causando prejuizos fisicos e
cognitivos, diminuindo assim a qualidade de vida dos mesmos. A avaliacdo da capacidade cognitiva de pacientes com
TAG se mostra uma importante ferramenta quando tentamos compreender 0s prejuizos que esse transtorno traz ao
individuo. Desse modo, 0 presente estudo teve como objetivo compreender se existem prejuizos ou alteragbes em
funcgBes cognitivas, principalmente executivas desses individuos. Vinte e um sujeitos, homens e mulheres, realizaram
um teste 2-back para avaliacdo do desempenho de meméria operacional e um teste de Stroop para avaliar o controle
inibitério, perfazendo um Grupo TAG (n=11) e um Grupo Controle (n=10). Os pacientes foram selecionados a partir
do atendimento ambulatorial de um hospital terciario do Oeste Paulista. Os resultados mostraram diferencas
importantes no desempenho de pacientes com TAG, que exibiram desempenho equivalente de tempo de reacdo (RT)
no teste 2-back, porém com maior nimero de erros. No teste de Stroop eles sdo consistentemente mais lentos do que o
Grupo Controle, para nimero equivalente de erros. No conjunto, estes dados apontam para prejuizos importantes no
TAG, mesmo numa amostra limitada de sujeitos.

Palavras-chave: Fungdo executiva; Psicofisica; Teste de stroop; Transtornos de ansiedade.

Resumen
El Trastorno de Ansiedad Generalizada (TAG) afecta a individuos de todas las edades, provocando deterioro fisico y
cognitivo, reduciendo asi su calidad de vida. La evaluacion de la capacidad cognitiva de los pacientes con TAG es una
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herramienta importante a la hora de intentar comprender los dafios que este trastorno trae al individuo. Por lo tanto, el
presente estudio tuvo como objetivo comprender si existen pérdidas o alteraciones en las funciones cognitivas,
principalmente ejecutivas de estos individuos. Veintiln sujetos, tanto hombres como mujeres, se sometieron a una
prueba de 2 espaldas para evaluar el rendimiento de la memoria de trabajo y una tarea Stroop para evaluar el control
inhibitorio, que comprende un grupo TAG (n = 11) y un grupo de control (n = 10). Los pacientes fueron seleccionados
para la atencion ambulatoria en un hospital de tercer nivel en el Oeste de S&o Paulo. Los resultados mostraron
diferencias importantes en el desempefio de los pacientes con TAG, quienes exhibieron un desempefio equivalente en
tiempo de reaccién (TR) en el test de 2 espaldas, pero con mayor nimero de errores. En la tarea de Stroop son
consistentemente mas lentos que el Grupo de Control, por el nimero equivalente de errores. En conjunto, estos datos
apuntan a un prejuicio significativo en GAD, incluso dentro de una muestra limitada de sujetos.

Palabras clave: Funcion ejecutiva; Psicofisica; Test de stroop; Trastornos de ansiedad.

1. Introduction

Anxiety is considered a normal state of the mind when people are exposed to a situation of apprehension or fear
provoked by the anticipation of unpleasant and dangerous outcomes. It may, however, be pathological as in Generalized
Anxiety Disorder (GAD) marked by excessive anxiety and worry (Angelotti, 2007).

Impairment of executive functions (EF) have been shown to be associated with several cognitive disorders resulting
from lesions, neurological dysfunction, and psychiatric disorders, compromising the individual social, intellectual and affective
faculties, thus, preventing them from acting efficiently in their own routine. Dias (2014) argues that EFs are a set of high order
cognitive abilities that perform the coordination of adaptive responses to new or complex situations. Such skills include
inhibiting irrelevant elements, selecting, integrating, and manipulating relevant information, the intention and execution of an
action, cognitive and behavioral flexibility, and attitude self-monitoring (Chan et al., 2008).

According to Ylikoski and H&nninen (2003), EF could be divided into four subcomponents: the first one is related to
volition and is described by anticipation, motivation, and intentional behaviour towards action. The second one, to planning,
including conceptualization, decision making and evolving a framework or goal for carrying out a plan. Third one, leans
towards purposive action, and is important for programming of activities, maintaining, integrating, and switching sequences of
behaviour and for mental flexibility and memory. Last subcomponent, monitoring, deals with controlling effective
performance, regulates the qualitative aspects of behaviour and feedback utilization. The authors defend that knowing the
essential subcomponents and concepts of EFs is important for evaluating the best methodology of assessment of the prefrontal
function.

Mesulam (2000) and Royall et al. (2002) presume that individuals with GAD, EFs may have errors of interpretation of
the environmental stimuli, difficulties in self-monitoring processes, leading to intense, disproportional and disadaptive
responses. In anxiety disorders, the presence of deficits in inhibitory control leads to a lack of cognitive flexibility, therewith,
poor ability to change or alter actions, lack of filtering and selection of information, and lack of planning, or in other words,
little capacity to establish a strategy to achieve a goal (Dias, 2014).

Indeed, Dias (2014) observed in adults, through a battery of neuropsychological tests, that the deficit of inhibitory
control leads to motor impulsivity, difficulty in inhibiting the repetition of ideas, mental inertia and confusing decision making.
Thus, subjects presented the non-suppression of automatic responses when the context is altered, affecting their adaptive
capacity, and generating an error in their response. It was still possible to observe the difficulty of motor inhibition, restrain
incoherent responses and observe impulsive behaviors.

Menon (2011) argues the neural networks can be divided into three core neurocognitive networks, that reflects strong
coupling of spontaneous fluctuations in ongoing activity. The first, metabolically active when the subject rests - introspective
and entertained with autobiographical thoughts and therefore not engaged in cognitive or propositional demands - is the default

mode network (DMN), which involves the medial prefrontal cortex (MPFC) angular gyrus (AG) and posterior cingulate cortex
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(PCC). The second is the central executive network (CEN), which is activated by propositive tasks (task-positive), therefore,
implied in executive functions, which involves working memory and sustained attention (goal oriented) and anchors itself in
the frontoparietal system, such as dorsolateral prefrontal cortex (DLPFC), posterior prefrontal cortex (PPC) and medial
temporal area (MT). The third network is responsible for the modulation of stimulus-driven attention and the harmonious
alternation between DMN and CEN: the salience network (SN), which emerges from the fronto-insular and limbic activity, that
is, the anterior insula in relation to ventrolateral prefrontal cortex (VLPFC) and anterior cingulate cortex (ACC), with also
inputs from subcortical structures such as amygdala, ventral striatum, and substantia nigra.

It is in the circuitry of the ACC portion that adaptive attentional control and fine problem-solving are processed, while
the processing of negative valence events occurs subcortically by the Amygdala and the generation of negative emotional
responses, such as sadness, in the ventral portion of the ACC.

The Stroop task is a classic task used to evaluate inhibitory control and EF, composed of two tasks: one of word
reading and one of color naming. The word reading task gives an indication of reading fluency. The fact that there may be
incongruity between the name of the color and the very color in which it is represented in screen causes an interference effect
of the color’s naming, this interference is called the Stroop effect. The Stroop effect is, thereby, a phenomenon of delay in
naming the color of a word, if this word is disposing of a different color name than the one to be named, for example, asking to
read the word “red” when it is written in green (Stroop, 1935).

This type of test is used to measure executive control and concentration, or to screen for cognitive dysfunction. For
the results to be valid, they must ensure that the person recognizes the colors and knows how to successfully name them. It’s
also important to find out what their level of education is, as the test can affect the readiness and fluency of reading
(Washburn, 2016), or ensure homogeneity of study groups.

It is possible that changes also exist in processes involving working memory and attention of individuals with GAD,
both important for EF. According to Helene and Xavier (2003), the association involving memory and attention allows finding
a wide diversity of phenomena usually investigated in attention studies, as well as generating testable predictions about the
performance of people in tests that involve attention.

Attention is a selection mechanism that, by means of choice and prioritization, performs processing of information. It
is an integral part of the working memory, which performs the temporary archiving and information management, important
for various cognitive functions. It is possible to generate predictions of future situations, to select the information for later
action and the development of intentionality (desired results can be predicted), which gives the human being an adaptive
advantage (Helene and Xavier, 2003).

The n-back test evaluates the number of items that can be archived temporarily, thus being a great tool for measuring
working memory capacity. It consists of a random presentation of verbal or nonverbal stimuli, and the presentation of letters is
the most common protocol. It must be understood that "n" is an integer that can range from 0 to 4. The participant should react
to the stimulus presented on screen and always indicate (with the press of a button) if the stimulus was presented at an anterior
position (n=1), two positions (n=2) and so on. If it was not, another button press should be made. As the value of "n" increases,
the difficulty also becomes greater. Thus, with this test, real-time monitoring, updating and manipulation of the information
being stored is possible (Owen et al., 2005).

Yaple et al., (2019) argue that the n-back test is the most common measure of working memory performance. The
authors showed that the neural regions active during the execution of the n-back test change over time. While young people
have more prominent DLPFC activations, this functional finding decreases proportionally to age (specifically in adults and the
elderly). Consistent across all age groups, the authors found activity in ACC, although its role is interpreted as conflict solver,
and in the parietal cortex, in regions involved in the orientation of attention. The authors also verified activations in insula,
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claustrum and cerebellum in all groups, data usually not reported in relation to working memory.

With so many regions involved in the functioning of executive processes, or simply the EF, and with the amygdala
responsible for part of the modulations performed in these circuits, it is very probable that subjects with GAD, with their
characteristic functional alterations of amygdala, have important changes in EF. To efficiently measure the magnitude of these
changes is an important task in these patients’ therapy, which can serve as a therapeutic and prognostic guidance in their
treatment.

In the present study we examined the possible changes in the EF of patients with GAD. We posed a simple question:
could the functional changes imposed by the anxiety syndrome impair working memory efficiency and inhibitory control? We
addressed this by evaluating the performance of patients with GAD in the 2-back test, important in the manipulation of data in

working memory and tested the inhibitory control of the patients through the Stroop task.

2. Methodology
2.1 Sample

The research and all the procedures performed with the volunteers were approved by the National Research Ethics
Committee under CAAE number 89236818.7.0000.5515. All participants completed a Free and Informed Consent Term before
beginning the tests proposed in the survey and being aware of the possibility of withdrawal at any time.

Twenty-nine subjects, men and women, all patients from a tertiary hospital in western S&o Paulo participated in the
study. Education was monitored among participants. Those who composed the GAD group (n = 13) were indicated by the
psychiatrist responsible for the anxiety ambulatory and were already being treated or were new outpatient cases. The Control
group (n = 16) was established from other hospital (non-psychiatric) patients or companions. We excluded: (1) one subject
from the Anxiety Group and two controls because they gave up the tests, (2) a patient who had a primary diagnosis of
obsessive-compulsive disorder (OCD) and not GAD, and (3) four control subjects who responded incorrectly to the tests. Total
final participants included in the analysis were Control group (n = 10) and GAD group (n = 11). Given the low number of final

participants in the groups, it was not possible to make analyzes regarding sex.

2.2 Apparatus

The test protocols were elaborated with the software PsychoPy (Peirce et al., 2019) and executed on a computer
running Windows® 10 64 bit, with a 17" screen with 1080p resolution at 60hz. The tests were performed at the hospital itself,
due to the ease of access to the patients. One of the ambulatory rooms, climatized, was reserved for the experiments and the
illumination was attenuated to improve the contrast on the screen. The subjects were seated comfortably in front of the

computer, always centered in relation to the screen.

2.3 2-back test

The working memory was evaluated by means of the 2-back test (Owen et al., 2005). The test consisted of the
presentation of uppercase letters on the computer screen, in random sequence, one every three seconds. The participant was
instructed to compare the present letter with the previous ones. If the second to last letter (penultimate) were the same as the
current one, he/she should press the "M" button with the right hand, and if the penultimate letter were different, he/she should
press the "Z" button with the left hand. It should be noted that the performance of this task required the volunteer to keep in its
working memory a small list of the last letters presented, in order to allow its comparison with the on-screen letter. The

stimulus remained on the screen until the subject's response, limited to a maximum of 2000 ms.
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A single test session was performed with 200 attempts divided into nine blocks of twenty attempts each. The first
block served the participants as training, and they only started the valid blocks after resolving all doubts regarding the
experiment. Altogether, there were 160 attempts considered by the subject. The interval between the blocks was free and the
subjects returned to the experiment as soon as they were prepared.

The reaction times for the correct responses of each participant in the twenty attempts of each of the nine valid blocks
allowed calculating the median of the reaction times per block. In the analysis involving groups, the mean of these medians
was calculated. The median was chosen to express the performance in the block, because this measure is less subject to the
influence of sporadic extreme scores, representing in a more reliable manner the participant's performance. To evaluate the

accuracy of the response, the percentage of errors was calculated.

2.4 Stroop Task
The attention was assessed by a variation of the Stroop task (Stroop, 1935) and presented following the 2-back test,

after a free interval that allowed the experimenter to explain the test to the participant.

The test consisted of nine blocks of twenty-four attempts each and the participants were instructed to respond to the
congruence between the color of the words (always color names) and the word that appeared on the screen. Words were
presented in a congruent condition (written in the same color they name) and incongruent condition (written with different
color than the one they name). Performance at this task required the participant to inhibit normal reading automaticity. The
fastest color naming response to the words that are congruent is already well established for the Stroop task (see Washburn,
2016). The participants should press the "M" button if the answer was congruent and the "Z" button if the answer was
incongruent. The first block was again considered a training block and discarded in the subsequent analysis of data.

The reaction times of each subject, for the correct attempts, considering congruent and incongruent attempts, allowed
to calculate the median of the reaction times per block. In the analysis involving groups, the mean of these medians was

calculated. To evaluate the accuracy of the response, the percentage of errors was calculated also.

2.5 Data analysis

Analysis of variance for repeated measurements (ANOVA) was used to compare the mean reaction times and the
mean percentage of errors in the 2-back test, having group (Control vs. GAD) as between-subjects factors and blocks of
attempts (in a total of eight blocks) as within-subjects factors.

In the Stroop task, another ANOVA was used to compare reaction times, having group (Control vs. GAD) as
between-subjects factors and blocks of attempts (in a total of eight blocks) and condition (congruent vs incongruent) as within-
subjects factors. The charts were all made on python with the use of the Matplotlib library (Hunter, 2007).

Interpretation of the results were made based on a more parsimonious understanding of statistical significance
(Amrhein & Greenland Mcshane, 2019, Krueger & Heck 2019).
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3. Results
3.1 Reaction time in the 2-back test

The ANOVA for the reaction times in the 2-back test showed significant effect for block (F7.133=3.199, p = 0.004),
indicating that the participants did learn the task and improved performance along the blocks (Figure 1).

Figure 1. Reaction times along the blocks in the 2-back test for the Control and GAD groups. Bars represent standard error of
the mean (SEM). Group ANOVA: p=0,795.
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ANOVA also showed a significant effect for the interaction between block and group (F7.133=2.695, p=0.012). The
analysis of Figure 1 allows us to observe that the control and GAD patients perform differently along the test. Considering the
ups and downs of the reaction times of each group, ANOVA showed no significant differences between groups (F1.19=0.069,
p=0,795).

3.2 Percentage of errors in the 2-back test

The ANOVA for the percentage of errors in the 2-back test showed significant effect for block (F7.133=5.426 p<0.001),
indicating again that the participants learned the task and improved performance along the test blocks (Figure 2). ANOVA also
showed a significant difference between groups (F1.19=3.576, p = 0,074).

The analysis of Figure 2 shows that the control group misses less than the GAD group. It could be also supposed that
the shortest reaction time of the GAD group was achieved at the cost of the highest number of errors, at least in blocks two and

three.
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Figure 2. Percentage of errors in the 2-back test for the Control and GAD groups. Bars represent SEM. Group ANOVA:
p=0,074.
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3.3 Reaction times in the stroop task
The ANOVA for the reaction times in the Stroop task showed a significant effect for congruence (F119=11.754,

p=0.003), indicating that the subjects responded faster to a congruent condition, in relation to incongruent ones (Figure 3).

Figure 3. Reaction times in the Stroop task for the Control and GAD groups for the attempts with congruent and incongruent
colors. Bars represent SEM. Group ANOVA: p=0,107.
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ANOVA also showed significant differences for block (F7133=7.606, p<0.001) since the subjects respond faster as

they learn the task in progress (Figure 3). All other interactions are non-significant. Comparison between groups suggests
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differences (F119=2.971, p=0,107), and Figure 3 in fact shows that the control group was faster to respond to congruent and
incongruent stimuli in the Stroop task.

3.4 Percentage of errors in the Stroop task

The ANOVA for the percentage of errors in the Stroop task reveals significant differences for block (F7.133=2.254,
p=0,034), not confirmed by post hoc test, however. Moreover, there were no significant differences for congruence
(Fr.133=2.422, p=0,136), and any interactions (Figure 4).

Figure 4. Percentage of errors in the Stroop task for the Control and GAD groups for the attempts with congruent and
incongruent colors. Bars represent SEM. Group ANOVA: p=0,243.
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ANOVA also revealed no difference between groups (Fi19=1.454, p=0,243). The analysis of Figure 4 allows
observation that the average error rate is low (less than 8% from block 2).

4. Discussion

The present dataset points to important differences in the performance of patients with Generalized Anxiety Disorder
(GAD) in two tasks that use Executive Functions (EFs): a working memory test (2-back test) and an attention and inhibitory
control test (Stroop task). The GAD Group, although they have equivalent reaction time (RT) performance in the 2-back test,
seem to have achieved this result at the cost of a greater number of errors. In the Stroop task they are consistently slower than
the Control Group, for an equivalent number of errors.

According to Dias (2014) individuals with GAD have impulsive behaviors, which impair their ability to inhibit
incoherent responses, in a mechanism that when the context is altered, still cannot eliminate an automatic response, thus
impairing their adaptive capacity. The errors increase, besides the same reaction times for the GAD group, is evidence of this.
It is interesting how the curves for RT and errors seem to evolve in exactly the opposite way, except in the last block, when the
GAD group has improved both the RT and the number of errors. Still, they made more errors than the Control Group.

This impairment is not uncommon for anxious disorders: hyperactivity of the amygdala and even hypertrophy have a

positive correlation in the pediatric population with GAD, as also observed in adolescents: excessive reactivity of the right
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amygdala, in contrast to right hypoactivity of the VLPFC, suggests loss of top-down inhibition as a possible underlying
mechanism (Martin et al., 2010).

Maslowoski et al. (2010) showed angry faces (a common emotional-aversive stimulus) to forteen youths with GAD
and ten age and gender matched healthy peers. GAD subjects were medicated or undergoing cognitive behavioral therapy
(CBT). Results showed that both treatments were able to increase right VLPFC activation in response to angry faces, which,
authors argue, indicates that the VLPFC may facilitate effective responses to underlying neural correlates of anxiety in other
brain regions, such as the amygdala.

Although hyperactivity and hypertrophy of the amygdala have not been consistently reported in the adult population
with GAD, Etkin et al., (2010) demonstrated that these subjects, when exposed to a conflicting emotional task, had deficits
both in the activation of regions relevant to emational control - failure of top-down control of the pregenual cingulate cortex
(PACC) - as well as differences in connectivity between the pACC and the amygdala.

As an adaptive mechanism, since the simultaneous hyperactivity of the amygdala with hyperactivity of the DLPFC
and posterior parietal cortex (PPC) cortices was not found in the control groups, their studies also reveal the compensatory
involvement of the frontoparietal system or central executive network in those affected by GAD, representing additional
attempts of circuits responsible for inhibitory control to compensate for bottom-up hyperactivity (Etkin et al., 2009).

The dysfunctional impairment of the GAD in EF could, therefore, undermine the attentional system that involves
downward control (top-down), in favor of ascending processing (bottom-up). As observed in our results, the GAD patients
seem to favour the faster response, to the detriment of the correct one. Interestingly, this strategy error was applied to the 2-
back test, but not to the Stroop task, possibly because the overload in decision-making systems is higher in this second test than
it is in the first one, so that the necessity of blocking the automatism of a response works even in the subjects with GAD for the
Stroop task, but not on the 2-back test, which further exacerbates the impulsiveness in GAD.

In fact, in the Stroop task the GAD group managed to balance the number of errors, indicating that they were
successfully inhibiting the automaticity of the word reading to present correct responses to the incongruent trials. This process,
however, was considerably slower on them, than was on the Control Group. First, it may be interesting to reaffirm that color-
word congruence assists in responding to the Stroop task, so that consistently most participants respond more quickly to
congruent trials in relation to incongruent trials. Besides that, the functional damage of GAD patients become more evident:
the RTs of the Control Group in the incongruent trials are as fast as (and probably faster than) the congruent GAD group trials.

These differences may be aligned with the hyperactivity of the executive circuits as verified by Etkin et al. (2010), as
a compensatory mechanism for correct execution of tasks. When the GAD group can exercise top-down mechanisms, they do
so with greater executive effort and longer RTs. According to the classification of Ylikoski and Hanninen (2003), the prejudice
would be in the third sub-component of the EF, since there is difficulty in promoting attention control and inhibition. The
authors even advocate that the Stroop task is one of the tasks of choice to test this third subcomponent.

According to the findings of MacDonald et al. (2000) - that argue the Stroop Task can activate differentially the
DLPFC and the anterior ACC - we can suppose that there are functional differences in the ACC of subjects with GAD, since
there is an increase in the RT in relation to the Control Group. That is, since there is no increase in the number of errors and
there is Stroop effect (difference between Congruent and Incongruent), the subjects did the task very adequately, however,
with more processing of information needed to solve the conflict generated in the test Stroop.

Extrapolating the findings of MacDonald et al. (2000), it is likely that DLPFC is also dysfunctional in GAD, since
there is also an impairment in the 2-back test. This dysfunction, however, does not interfere with RT (because there is no
conflict resolution required), but only with the number of errors given the limitation of resources in GAD and the characteristic
impulsiveness of anxiety disorders, as already demonstrated by Dias (2014).
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It is noteworthy that the choice of the 2-back task was bold. The test was considered quite difficult by all participants
in the experiment, with considerably higher error rates than the Stroop task. This overload on working memory circuits,
however, scaled considerably more on GAD patients than controls. Along with all the other dysfunctions already pointed out,

this evidence suggests that GAD patients have discreet losses that probably impact everyday life.

5. Final Thoughts

Taken together, these data point out to significant losses in generalized anxiety disorder, even on the limited sample of
the present work. Therefore, the need for a more careful look at this population is highlighted, regarding drug treatment and
stabilization, and recognition of functional limitations in a wide range of tasks that involve EF.

Future work should focus on aspects of the development of the Amygdala and the possibilities of developing
preventive strategies for hypertrophy and hyperactivity in this nucleus. Also, on the investigation of EF in clinically stabilized

patients, in order to understand whether the clinical improvement of these subjects extends also to cognitive functions.
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