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Abstract

Background: There is a growing body of literature investigating the neuropsychological
profile of Panic Disorder (PD), some of which suggests potential cognitive dysfunction.
This paper systematically reviews the existing literature on neuropsychological
performance in PD.

Method: PsycINFO, EMBASE, MEDLINE and PsycARTICLES databases were searched
to identify articles reporting on neuropsychological function in PD published in English
during the time period 1980 to March 2012. 14 studies were identified.

Results: There was limited support for impairment in short term memory among
individuals with PD, although this was not found across all studies. Overall, the reviewed
studies did not support the presence of impairment in other areas of cognitive functioning,
including executive function, long term memory, visuospatial or perceptual abilities and
working memory.

Limitations: Studies with samples of fewer than 15 participants per group were excluded
from this review. A limited amount of research has been published on this topic and
small sample sizes (under 25 per group) have been used by many studies. Therefore, the
current review is based on a small number of studies with limited power.

Conclusions: There is limited evidence of specific neuropsychological impairments in
participants with PD. Impairments in short term memory warrant further investigation to
establish their relevance to clinical practice. Larger sample sizes and appropriate

statistical adjustment for multiple comparisons in future studies is highly recommended.
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1. Introduction

Panic disorder (PD) is a disabling mental health problem characterised by unexpected,
recurrent panic attacks, fear about the implications of attacks and modifications of behaviour
as a result of the attacks (American Psychiatric Association, 2000). PD can occur with or
without agoraphobia and is associated with high levels of psychiatric comorbidity and severe
role impairment (Baillie and Rapee, 2005; Kessler et al., 2006). A number of recent studies
have focused on the neurobiology of common psychiatric disorders, including anxiety
disorders, and underlying cognitive impairments associated with them (Millan et al., 2012).
Impairments in neuropsychological functioning are of interest as they may have implications
for treatment outcomes, as has been seen in schizophrenia and anorexia nervosa (Cavedini et
al., 2006; Tabarés-Seisdedos et al., 2008). These impairments may also act as measurable
symptoms of underlying neurobiological dysfunction. Several studies have found structural
brain abnormalities in patients with anxiety disorders, including patients with PD (Mataix-
Cols and van den Heuvel, 2006; Phan et al., 2009; Szeszko et al., 2005; van den Heuvel et al.,
2005). Patterns of impairments in executive function have been reported in a number of
recent reviews of neuropsychological performance in OCD (Martinez-Gonzalez and
Piqueras-Rodriguez, 2008; Menzies et al., 2008; Olley et al., 2007). Executive function
impairments have also been implicated in Post Traumatic Stress Disorder (PTSD; Aupperle et
al., 2012); however PD has been less well researched.

In PD, imaging studies have indicated abnormalities in specific brain regions
compared to controls, including different metabolic activity in the hippocampal and
parahippocampal areas (Bisaga et al., 1998) and abnormalities in the temporal lobe structures
(Vythilingam et al., 2000). Brain abnormalities such as these may lead to learning and
memory deficits, if present in panic disordered individuals. However Reiman and colleagues

have noted that in their work, similar regional blood flow patterns have been seen in panic



disordered patients as in healthy controls with anticipatory anxiety. It remains unclear
whether abnormalities seen relate to structural differences or effects of state or trait anxiety
(Reiman et al., 1989a; Reiman et al., 1989D).

It has been suggested that state and trait anxiety may influence performance on
neuropsychological testing, confounding neuropsychological testing in anxiety disorders
(Orsillo and McCaffrey, 1992). Recent research has investigated the potential effects of state
or trait anxiety on neuropsychological test performance in a number of different populations
including a mixed psychiatric sample (O’Jile et al., 2005; Smitherman et al., 2007). Neither
state nor trait anxiety were found to have a significant effect on executive function,
(Horowitz and McCaffrey, 2008; Smitherman et al., 2007; Waldenstein et al., 1997) nor on
memory and verbal learning (Kizilibash et al., 2002; O’Jile et al., 2005; Waldenstein et al.,
1997), once age, gender and 1Q were controlled for. Performance on an attention test was
found to be unaffected by state or trait anxiety in healthy males (Waldenstein et al., 1997).
Gass and Curiel (2011) reported that test anxiety did not impair performance on the coding or
block design subtests of the WAIS-I111 in their sample of veterans, which are recognised as
requiring sustained attention and concentration, often thought to be affected by anxiety. State
anxiety, was found to significantly affect performance by veterans on working memory tasks,
however this effect was reduced when education was controlled for (Gass and Curiel, 2011).
An effect of anxiety on working memory was not seen by Waldenstien et al.(1997) using the
digit span task on healthy male participants.

The co-occurrence of anxiety and depression may influence neuropsychological
performance. Although anxiety alone was not found to affect memory performance, when
anxiety and depression were reported together by veteran participants, a significant negative

effect on memory performance was seen (Kizilibash et al., 2002). Overall, current research



suggests that state or trait anxiety alone in the absence of depression may not have a large
impact on neuropsychological test performance in PD.

Individual studies have found associations between PD and impairment in a number
of cognitive areas, including executive function and episodic memory (Airaksinen et al.,
2005). However conflicting results have been produced, with some studies supporting
memory impairment in people with PD (Asmundson et al., 1994; Lucas et al., 1991) and
others reporting no memory problems of any kind (Gladsjo et al., 1998). No review was
found of neuropsychological performance in PD. A greater understanding of cognitive
deficits in PD afforded by the collation of existing research evidence may have implications
for its treatment and measurement of treatment outcomes. This paper aimed to provide a
systematic review of neuropsychological performance in PD compared to healthy control

(HC) participants.

2. Methods

2.1. Search Strategy

Relevant studies published between January 1980 and March 2012 were identified by
systematic searches of Psycinfo, Embase, PsycArticles and Medline databases. Articles
reporting neuropsychological performance of all anxiety disorder groups were initially
identified in order to avoid missing any relevant papers, as a preliminary search of the
literature indicated that PD groups were often used as comparison groups in studies which
focused on other anxiety disorders, such as OCD (e.g. Purcell et al., 1998). Keywords for the
search were “neurocognition”, “attention”, “executive function”, “leaning”, “memory”,
“inhibition” AND “neuropsychological tests” AND “anxiety”, “OCD”, “PTSD”. Terms were

adapted and “‘exploded’ in keeping with subject headings for each database (i.e. all of the



lower ‘branches’ of the keyword were automatically included in the search. The lower
branch terms are defined by each database). Associated terms “task performance”, “central
coherence”, “association learning”, “cognitive defect”, “short term memory”,
“autobiographical memory”, “decision making”, “motor control”, “social anxiety”, “social
phobia”, “panic”, “phobia”, “obsession” were also included in the search. A total of 3431
papers were originally identified from all 4 databases. Reviews and study protocols were
eliminated.

The reference lists of ten papers, identified as appropriate after inclusion and
exclusion criteria were applied, were checked for relevant studies, resulting in 3 additional
papers. A ‘cited by’ search was conducted using Web of Science (1899-present) resulting in
2 additional papers. Subsequently two studies were discovered to be reporting on the same
data (Lautenbacher et al., 2002; Spernal et al., 2003). The paper containing the most data

was retained in the review, resulting in a total of 14 papers (Lautenbacher et al., 2002).

2.2. Inclusion and exclusion criteria

Studies were included if they reported on: (1) adults (18-65 years) , (2) diagnosed
with current PD according to DSM or ICD criteria, (3) a comparison group of healthy
controls free from any current psychiatric disorder (HC) , (4) had > 15 participants in each
group, and (5) were published in English. A relevant paper was found during the search but
could not be included as it was only available in Spanish (Castillo et al., 2010). Studies on
the effect of psychotropic medication or a treatment intervention were excluded.
Investigations of cognitive performance in the presence of anxiety provoking words or
stimuli were excluded. Studies of neuropsychological performance during brain imaging or
brain activity recording were also excluded. The paper selection procedure is described in

Figure 1.



<Figure 1 about here>

2.3. Data Extraction

Data were extracted from each paper by the first author (KO’S) according to a
structured pro-forma, specifically developed by the first author for this review, covering key
study characteristics. These key characteristics and the data extracted using the pro-forma are

detailed in Table 1.

<Table 1 about here>

2.4. Assessment of methodological quality

To rate the methodological quality of included studies, criteria were developed by the
first author, drawing from the Cochrane Handbook for Systematic Reviews guidance on
assessing risk of bias (Higgins and Altman, 2008) and the Centre for Reviews and
Dissemination (CRD) guidance on conducting quality assessment (CRD, 2008). A checklist
of 8 quality criteria was developed a priori. The quality criteria were as follows: 1.
Eligibility criteria for the PD group were appropriate and clearly specified. This was
considered to be adequately addressed if the inclusion criteria were not outlined clearly but
could be ascertained from the details provided in the paper. 2. The comparison group was
matched to the PD group on age, gender and either 1Q or education. This was considered to
be adequately addressed if the group was matched on some but not all of these. 3. Diagnosis
of PD, or absence of diagnosis for HCs, was ascertained using DSM/ICD criteria using a
structured interview by a clinician. This was considered to be adequately addressed if

diagnosis was determined using a questionnaire based on DSM/ICD criteria. 4. The



neuropsychological measures used were robust for this population with reliability and
validity specified in the paper or easily obtainable using Lezak et al.’s (2004) reference text,
or another reference provided in the paper. This was considered to be adequately addressed if
tests were well described but reliability and validity not found or tests were not the most valid
for this population. 5. The sample size of both the PD and HC groups was 25 or more as this
was calculated to be the minimum number needed to detect a large effect size. This was
considered to be adequately addressed if the sample size in each group was between 15 and
25. 6. The levels of uptake from those invited to participate were reported in the paper and
the effects of uptake levels were considered. This was considered to be adequately addressed
if the levels of uptake were described. 7. The means, standard deviations and confidence
intervals were reported. This was considered to be adequately addressed if enough statistical
outputs were reported to facilitate comparison. 8. Appropriate statistics were used including
compensations for multiple comparisons with a new alpha level clearly stated. This was
considered to be adequately addressed if no corrections were made for multiple comparisons
but otherwise appropriate statistics were used. The quality ratings for the included studies
and criteria are listed in Table 2.

For each criterion, included studies were assigned one of four outcome ratings: ‘well
covered’ (2 points); ‘adequately addressed’ (1 point); ‘poorly addressed’ or ‘not addressed’
(both 0 points). Two additional raters independently reviewed four studies each. Exact
agreement was reached on 87.5% (Cohen’s kappa = .79) and 84.4% (Cohen’s kappa = .74) of
the ratings respectively. A difference of one point occurred on 12.5% of the items and by 2

points on 1.5% items. Differences in rating of criteria were discussed and amended.

<Table 2 about here>



2.5. Calculation of effect sizes
For each measure, the standardised mean difference effect size using pooled standard

deviations was calculated (Cohen’s d), using the formula

d= Xl_XZ — )Tl_)TZ
512 (nl —1) + 55 (n2 —1) Spooled
n,+n,-2

and adjusted for small sample size using the formula below (Lipsey and Wilson, 2001).

d':d[l— 3 }
4N -9

Weighted mean effect sizes were calculated for each neuropsychological domain and

an overall study mean effect size was calculated following the procedure of Lipsey and
Wilson (2001). Whenever PD participants performed poorer than HCs, between group
differences were reported as positive effect sizes. Cohen (1988) defines a small effect size as
d > .2, a medium effect size as d > .5, and a large effect size as d > .8. In the context of
neuropsychological research, Bezeau and Graves (2011) reported that large effect sizes are
typically found, with an average effect size of .88 found in the 66 studies they reviewed.
They suggested that effect sizes of .8 or larger are preferable in order to ensure less overlap
between group distributions and therefore to be clinically useful in distinguishing between
groups. Where PD groups were split into two groups in Kaplan et al.’s (2006) paper, the
means and standard deviations were combined to represent all of the PD participants. The
formulas used for combining this data were taken from the Cochrane Handbook Table 7.7.a

(Higgins and Deeks, 2011).



3. Results

3.1. Search results and characteristics of studies

Fourteen studies were identified comparing a PD group with a HC group. The 14
studies involved 439 patients with PD in total and 510 HCs (see Table 1 for details). The
median sample size was 23.5 for PD patients (range 15 - 93) and 27.5 for HCs (range 15 -
175). Three studies reported on the presence or absence of agoraphobia in their PD sample
but 11 did not. Both Boldrini et al. (2005) and Gorini et al. (2010) reported all PD
participants to have PD with agoraphobia. Twenty six of the 28 PD participants in Galderisi

et al.’s (2008) study had PD with agoraphobia.

3.2. Neuropsychological Variables
As many neuropsychological measures can be said to assess a number of cognitive
functions, Lezak et al.’s (2004) categorisation of neuropsychological assessments has been

broadly followed when tabulating and discussing the measures used in the reviewed studies.

3.2.1. Verbal Memory

The California Verbal Learning Test (CVLT) (Delis et al., 1987), two Selective
Reminding (SR) tasks (Buschke and Fuld, 1974) and 4 recall of word lists tasks were
included in the analysis. The Warrington Recognition Memory task (Words) (Warrington,
1984) which tests the participant’s ability to recognise a previously presented word when
paired with a distractor was also included, as well as the paired associates and logical

memory subscales of the Wechsler Memory Scale (WMS; Wechsler, 1987).

3.2.2. Visual Memory
10



The Benton Visual Retention test (BVRT; Benton, 1945), Rey-Osterrieth Complex
Figure test recall measure (RCFT; Rey, 1941), Visual Selective Reminding Test and
Continuous Visual Memory Test (CVMT; Trahan and Larrabee, 1989) were included in this
domain. Visual memory was also assessed using a non-standardised task in which an array of
numbers was visually presented followed by immediate recall (Gordeev, 2008) and the visual
reproduction subscale of the WMS (Wechsler, 1987). Visual recognition memory was
investigated using 3 subtests of the computerised Cambridge Neuropsychological Test
Automated Battery (CANTAB; Cambridge Cognition, Cambridge, UK) - Spatial
Recognition, Pattern recognition and delayed match to sample and the Warrington

Recognition Memory test (Faces) (Warrington, 1984).

3.2.3. Working Memory

Working memory abilities were assessed using span and superspan tasks. The digit
span task (Wechsler, 1981), the Hebb Digit Recurring task, the Corsi Block Tapping Task
(CBTT,; Berch, 1998) and the spatial span subtask of the computerised CANTAB (Cambridge
Cognition, Cambridge, UK) were included in the analysis. These tasks are also influenced by

attention and verbal and visual memory abilities.

3.2.4. Attention

Attention was assessed using the Digit Symbol task from the Wechsler Adult
Intelligence Scale-Revised (WAIS-R; Wechsler, 1981), a Continuous Performance Test
(Rosvold, Mirsky, Sarason, Bransome, Beck, 1956), time to complete the Trail Making Test
part A (TMT A; Reitan, 1958), the Digit Vigilance task (Lewis and Rennick, 1979), the
Rapid Visual Information Processing subtask of the CANTAB (Cambridge Cognition,

Cambridge, UK) and the mental control task of the WMS (Wechsler, 1987).
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3.2.5. Perception

Tests included in this section were classed primarily as tests of perception by Lezak et
al. (2004) as they measure visual field perception, visual searching and facial recognition but
also include selected and divided attention. The Benton Facial Recognition test (BFRT;
Benton 1983) was used to test facial recognition in the absense of a memory condition. The
Visual Field Neglect task from the “Testbatterie zur Aufmerksamkeitsprufung’ (TAP;
Zimmermann and Finn, 1993) was used to test divided attention and the Signal Detection test
from the Weiner Testsystem (Schuhfried, 1999), however information on psychometric
properties could not be found for either of these measures. The Munsterberg test was also
used to test selective attention. A Schulte tables task of sustained attention and a digit
cancellation test were also used. The Munsterberg test requires participants to find words in a
random set of letters within a limited time. Psychometric properties for the Munsterberg task
and Schulte tables were not found in a search of the literature. Some literature was found
indicating that Schulte tables do not have well established psychometric properties (Ennok,

2010).

3.2.6. Visuospatial Ability

Visuospatial ability was assessed using the Block Design task from the WAIS-R
(Wechsler, 1981), the copy trial of the RCFT (Rey, 1941), and an unstandardised Virtual
Water Maze analog testing spatial orientation and learning (Jacobs et al., 1997). The ability
to perform spatial rotations mentally was investigated using the mental rotation test (MRT;

Vandenberg and Kuse, 1978).

3.2.7. Executive function
12



The category of executive functioning was expanded from that of Lezak et al. (2004)
in line with Burgess (2003) to incorporate tests of inhibition, coordinated dual tasks (e.g. the
Trail Making Task) and verbal fluency. In the context of the reviewed studies, such measures
were used with the purpose of assessing executive functioning. Results were considered
under the headings of planning and organising, set shifting, verbal fluency and decision
making. The Wisconsin Card Sort Task (WCST; Heaton et al., 1993), time to complete the
Trail Making Test part B (TMT B; Reitan, 1958), the Intradimensional-Extradimensional
shift and the Spatial Working Memory subtasks of the computerised CANTAB (Cambridge
Cognition, Cambridge, UK) were used to assess set shifting. The Tower of London subtask
of the computerised CANTAB (Cambridge Cognition, Cambridge, UK) and the organisation
trial of the RCFT (Rey, 1941) were used to assess planning and organising ability. Verbal
fluency was assessed using the FAS letter fluency task (Benton and Hamsher, 1983), a
category fluency task (Goodglass and Kaplan, 1983) and the Benton Controlled Oral Word
Association Test (COWAT; Benton, 1989). Decision Making ability was examined by
Cavedini et al. (2002) using the lowa Gambling Task (IGT; Bechara et al., 1994), by Kaplan
et al. (2006) using the Cambridge Gambling task (Rogers et al., 1999) and by Ludewig et al.

(2003) using a two-choice prediction task (Paulus, 1997).

3.3.Memory

3.3.1. Verbal Memory

Short and long term verbal memory were investigated in eight studies using ten
measures (see Table 3). Two studies investigated short term verbal memory using non-
standardised short term recall tasks. These indicated worse performance in PD participants

compared to HC (Airaksinen et al., 2005; Gordeev, 2008). Using the CVLT (Delis et al.,
13



1987) Asmundson et al. (1994) also reported worse performance in PD participants compared
to HCs. Three studies reported on learning in short term memory trials 1-5 of the CVLT,
none finding significantly poorer performance of PD participants compared to HCs
(Deckersbach et al., 2011; Gladsjo et al., 1998; Asmundson et al., 1994). No differences
between PD and HC groups were reported by Lucas et al. (1991) or Deckersbach et al. (2011)
in measures of immediate recall of stories or paired words, taken from the WMS (Wechsler,
1987). Mixed results were reported in relation to cued short term memory, with group
differences seen on a non-standardised task (Airaksinen et al., 2005) but not on the cued
recall subscale of the CVLT (Asmundson et al., 1994). Overall short term verbal memory
was measured by six studies and impairment of PD patients compared to HC was reported in
three studies. Three of the five tasks used by the reviewed studies found a significant
difference in performance between PD and HC groups, however two of these tasks were non-
standardised and differences seen using the CVLT were not reported by two other studies
using this task.

Delayed verbal memory was investigated by seven studies. No differences were
found between PD and HC groups on delayed verbal memory using the CVLT (Asmundson
et al., 1994; Deckersbach et al., 2011; Gladsjo et al., 1998), the Auditory Verbal Learning
Test (AVLT) (Galderisi et al., 2008), or the paired associates and logical memory subscales
of the WMS (Lucas et al., 1991). Using a selective reminding procedure (Fletcher, 1985),
conflicting results were produced by two studies with Lucas et al. (1991) observing poorer
performance in long term verbal memory in a PD sample compared to HC while Boldrini et
al. (2005) did not. Using the Recognition Memory Test (RMT; Warrington, 1984) no
difference in recognition memory after a delay was found between PD and HC groups
(Gladsjo et al., 1998). In summary, delayed verbal memory was investigated in six studies

with only one studies reporting significantly poorer performance in the PD group. Of the six
14



tasks used only the selective reminding test found significant differences between groups and
this was not replicated by another study using the same task. Effect sizes for verbal memory
ranged from small and negative, -0.27, to large and positive, 10.27. Although few significant
group differences were found, all but four of thirty effect sizes derived from the verbal

memory data indicated a trend towards worse visual memory performance in PD participants

compared to HC participants (Table 3).

< Table 3 about here>

3.3.2. Visual Memory

Both short and long term visual memory in people with PD was investigated by eight
studies using ten measures (see Table 4). Short term visual memory was investigated in two
studies, one using the RCFT (Deckersbach et al., 2011) and one using immediate recall of
numbers (Gordeev, 2008). Both these tasks were associated with an impaired performance in
people with PD compared to HC.

Seven studies reported on measures of long term visual memory, including measures
of retention and recognition. Three studies used the BVRT (Benton, 1945) with two of these
reporting significantly worse long term visual memory in people with PD relative to HC
(Asmundson et al., 1994; Deckersbach et al., 2011; Lucas et al., 1991). A selective
reminding procedure (Fletcher, 1985) was used in two studies producing mixed results, as
Lucas et al. (1991) reported poor performance in people with PD but this was not replicated
by Gladsjo et al. (1998). No differences were reported between PD and HC groups on the
visual recognition tasks (Gladsjo et al., 1998; Kaplan et al., 2006; Purcell et al., 1998).
People with PD also performed similarly to HC on the RCFT percent recall (Boldrini et al.,
2005; Deckersbach et al., 2011) and the CVMT (Gladsjo et al., 1998). The PD group

performed worse than HCs on delayed recall of the Visual Reproduction subscale of the
15



WMS (Lucas et al., 1991). Both studies investigating visual short term memory found worse
performance in PD compared to HC groups on the two tasks used. Two of seven studies
found differences between PD and HC groups on visual long term memory. Nine tasks were
used to investigate visual long term memory, six of these found no differences. Three tasks,
the BVRT, the visual reproduction subscale of the WMS and the selective reminding
procedure, found poorer performance in the PD group compared to HCs, however for two of
these tasks, these findings were not consistent across all studies using them. The effect sizes
reported varied widely from medium and negative to large and positive (range -0.64 to
11.53).

In summary, there was some support for significantly different short term memory
performance in people with PD in both verbal and visual memory but the reliability and
validity of a number of the tasks providing this support is unclear. There was little support for

impairment in either verbal or visual long term memory.

<Table 4 about here>

3.4. Working memory, attention and perception
See Table 5 for results relating to working memory, attention, perception and

visuospatial ability.

<Table 5 about here>

3.4.1. Working Memory
Working memory in people with PD was explored by seven studies using working

memory span tasks. No differences between the performance of people with PD and HC were
16



reported by four studies using the Digit Span (Wechsler, 1981) task. Two studies using the
CANTAB computerised Spatial Span and Spatial Working Memory tasks also found no
differences. Boldrini et al. (2005) and Galderisi et al. (2008) employed the CBTT (Berch,
1998) to investigate working memory span while Deckersbach et al. (2011) used the similar
Spatial Span Task from the WMS (Wechsler, 1987). Performance was reported as no
different to HC on measures of span (Boldrini et al., 2005; Deckersbach et al., 2011),
however on the supraspan subscale, Boldrini et al. (2005) reported a poor learning process in
spatial working memory in people with PD compared to HC. Galderisi and colleagues
(2008) also administered the CBTT and the Hebb Digit Recurring test (HDR) but only
reported on the accuracy index of each. People with PD were found to perform better than
the HCs in their sample on the CBTT but not the similar HDR (Galderisi et al., 2008). In
summary, there was very little support for working memory impairment in PD. Only one
study of seven found impaired performance in PD compared to HC and only on one subtest
of the CBTT. In this way only one of five tasks used showed a difference between the groups
and this difference was not seen on all subtests of the CBTT. The effect sizes reported

ranged from medium and negative, -0.51, to large and positive, 3.78.

3.4.2. Attention

Attention was investigated in seven studies using six different tests. No impairments
of people with PD were found compared to HC in any study and no clear trend was seen in
the direction of the small to medium effect sizes (range -0.48 to 0.65) (Airaksinen et al.,
2005; Asmundson et al., 1994; Deckersbach et al., 2011; Galderisi et al., 2008; Gladsjo et al.,

1998; Kaplan et al., 2006; Lucas et al., 1991).

17



3.4.3. Perception

Four studies investigated perception in PD using six tasks. Individuals with PD
performed poorly compared to HC on the Munsterberg Test, described as a test of selective
attention and on a Schulte tables task of sustained attention (Gordeev, 2008). In contrast with
Gordeev (2008), Lautenbacher et al.(2002) did not find overall group differences on selective
attention using a computerised signal detection task. However Lautenbacher et al. (2002)
reported significant differences on a divided attention task in which individuals with PD
demonstrated impaired performance relative to HC. Individuals with PD were found to be as
good at identifying faces as HCs using the Benton Facial Recognition test (short form)
(Benton, 1983; Boldrini et al., 2005). No difference in ability was seen between the two
groups on a digit cancellation test (Asmundson et al., 1994). Overall two of four studies
reported some findings of impaired perceptual abilities in people with PD. Three of the six
tests used over the four studies found poor performance in the PD group but two of the tests
reporting significant results used tasks for which the reliability was uncertain and produced
large effect sizes of 21.70 and 29.47 which were inconsistent with the magnitude of effect
sizes produced by all other studies. Effect sizes for the perception domain ranged from small

and negative, -0.06 to large and positive, 29.47.

3.4.4. Visuospatial Ability

Visuospatial ability was investigated in PD by five studies using four measures. Two
studies found no group differences in visuospatial ability using the RCFT copy score
(Boldrini et al., 2005; Deckersbach et al., 2011). Poor visuospatial ability of people with PD
was seen on the Block Design task by Asmundson et al. (1994) but was not replicated
(Gladsjo et al., 1998). The PD group performed as well as HCs on the Mental Rotation test.

A virtual water maze task was used by Gorini et al. (2010) to investigate spatial orientation
18



and learning in people with PD. Learning the position of the platform over trials was
impaired in the PD group compared to HCs, however this was a novel task which has not
been standardised and high variability of performance was noted in both groups. In
summary, two studies out of five provided support for visuospatial impairment in people with
PD. This support was provided by two of the four tests of visuospatial ability used, the Block
Design task (WAIS-R) and the virtual water maze. However the Block Design task did not
produce consistent findings with impairment being found in only one of the two studies
where it was used. Effect sizes ranged from small and negative, -0.32 to large and positive

2.32.

3.5. Executive Function

Executive function was assessed by nine studies using nine measures (see Table 6).

< Table 6 about here>

3.5.1. Planning and Organising

People with PD demonstrated impaired performance relative to HC in one of two
studies on the organisation score of the RCFT (Deckersbach et al., 2011). Purcell et al. (1998)
administered the Tower of London task (CANTAB; Cambridge Cognition, Cambridge, UK)
and found comparable performance between the two groups. Only two studies examined this
area with one reporting a significant impairment in PD relative to HC. Out of the two tasks
used, only one, the RCFT, found impaired performance relative to HC. Effect sizes ranged
from small, 0.16 to large, 1.42, although both suggested poorer performance in PD

participants.

19



3.5.2. Set Shifting

The set shifting performance of people with PD in comparison to HC was examined
by six studies using three tasks. Individuals with PD performed as well as HC on the WCST
(Boldrini et al., 2005; Heaton et al., 1993). There were also no group differences found in
both studies using the CANTAB Intradimensional and Extradimensional Shifting Task and
the Spatial Working Memory task (Kaplan et al., 2006; Purcell et al., 1998). Three studies
reported on the TMT B (Reitan, 1958), with only one (Airaksinen et al., 2005) reporting
significantly slower times in people with PD compared to HC. Overall one of six studies
(Airaksinen et al., 2005) and one of three tasks (TMT B) found impaired set shifting of PD in
comparison to HC. This result was not replicated by the other two studies using the TMT B.
Although results were not significant, ten of fourteen effect sizes suggested worse
performance by PD participants. Effect sizes ranged from small and negative, -0.34 to large

and positive, 2.77.

3.5.3. Verbal Fluency

Five studies investigated letter fluency abilities, finding individuals with PD produced
as many words as HCs. One of these also investigated category fluency (Benton, 1989;
Gladsjo et al., 1998) and again found no group differences in number of words produced.

Effect sizes ranged from small and negative, -0.08 to large and positive, 2.38.

3.5.4. Decision Making
Performance of the PD group was not significantly different to the control group for
any task in any of the studies, although PD participants showed increased sensitivity to error,

being more likely to search for a better responding strategy even at low error rates in
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Ludewig et al.’s (2003) study using a two-choice prediction task (Paulus, 1997). Kaplan et
al. (2006) reported that within their sample comorbid major depressive disorder (MDD)
seemed to slow decision making. Effect sizes could not be calculated from the available data.
In summary, the evidence reviewed does not support significantly different executive

function performance in PD.

3.6. Overall mean effect sizes
For each domain, the range, median, weighted mean effect size, and 95% confidence
interval for the weighted mean effect size were calculated. These are provided, along with

the Q statistic for heterogeneity and the critical Q value, in Table 7.

< Table 7 about here>

3.7. Comparison of PD and other disorders in the reviewed studies

Within the reviewed papers participants with PD were compared to participants with
Social Phobia, Specific Phobia, Generalised Anxiety Disorder (GAD), OCD and Unipolar
Depression (UD). They were also compared to people with both PD and UD in Kaplan et
al.’s (2006) paper. Comparisons with other anxiety disorders are shown in Tables 8 and 9,

and comparisons with depression shown in Table 10.

3.7.1. Comparison of PD and OCD

Patients with PD were compared to those with OCD in four of the reviewed studies
(Airaksinen et al., 2005; Boldrini et al., 2005; Cavedini et al., 2002; Purcell et al., 1998).
Only one study of three testing verbal memory found any significant group differences,

reporting better long term memory performance by PD participants compared to OCD
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participants on two of the four reported outputs of the Selective Reminding test, although
only one of these remained significant after Bonferroni corrections (Boldrini et al., 2005).
Three studies investigated visual memory with most tests indicating better performance by
PD participants compared to OCD, although only one study reported significant results using
the CANTAB tasks of Pattern Recognition memory and spatial Recognition Memory.
Overall, effect sizes for memory performance suggest better performance of PD participants
than OCD participants (effect sizes ranged from large and negative, -4.09 to small and
positive, 0.3) (see Table 8).

PD was compared to OCD by two studies using three measures of working memory
(Table 9). Boldrini et al. (2005) found PD participants to perform significantly worse than
OCD participants on the Digit Span task but significantly better on the Corsi Block Tapping
test (CBTT) spatial span task. Purcell et al. (1998) did not find significantly different
performance between the two groups on the spatial span measure of a computerised version
of the CBTT. Effect sizes for working memory ranged from -2.45 to 1.62. Attention
performance was compared between PD and OCD participants in one study using the TMT A
and no significant difference was found (Airaksinen et al., 2005). One study compared
performance in the area of perception, using the Facial Recognition test, finding no difference
in recognition of faces (Boldrini et al., 2005). Using the Rey-Osterrieth Complex Figure test
copy task, one study compared visuospatial ability of the PD and OCD groups, reporting
significantly better performance in the PD group than the OCD group (Boldrini et al., 2005).
Set shifting ability was compared in three studies using four tasks. No significant difference
in set shifting ability between PD and OCD participants was reported by Airaksinen et al.
(2005) on the TMT B and mixed results were reported by Boldrini et al. (2005), as
performance differed across different measures within the Wisconsin Card Sort Test. Overall

half the WCST measures indicated poorer performance by PD participants, two of those
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differences being significant. However PD participants also performed significantly better on
one WCST measure. Purcell et al. (1998) reported better set shifting among PD participants
compared to OCD participants on the Intradimensional-Extradimensional shift task and the
Spatial working memory task of the CANTAB, although these results were non-significant.
Both studies comparing PD and OCD participants on verbal fluency found no significant
differences using the FAS, although both indicated better performance by PD participants.
Planning and organising of PD and OCD participants was investigated by one study using the
Tower of London task, finding significantly better performance among PD participants than
OCD participants (Purcell et al. (1998). In a comparison of PD participants and OCD
participants on a task of decision making, Cavedini et al. (2002) reported significantly better
performance by PD participants; however there was insufficient data to calculate an effect
size. Effect sizes for executive function ranged from large and negative, -3.14 to small and

positive, 0.95.

< Tables 8 and 9 about here>

3.7.2. Comparison of PD and Social Phobia

Two studies compared neuropsychological performance of PD participants and
participants with Social Phobia (Asmundson et al., 1994; Airaksinen et al., 2005). No
significant differences were found between the two groups on verbal memory performance.
Overall, effect sizes suggested worse performance by PD compared to participants with
Social Phobia (range -0.44 to 0.72). Similarly, the one task used to compare visual memory
performance found a non-significant difference between the two groups although a medium
effect size (0.46) was found suggesting worse visual memory performance by PD participants

(Asmundson et al., 1994). Both studies investigated attention using the TMT A, with one
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study suggesting better performance by PD participants and the other suggesting the opposite
(range -0.2 to 0.09). Neither result was significant. One study investigated perception using
the Digit Cancellation Task and reported significantly better performance by the PD group
than the Social Phobia group (medium effect size, -0.69). No significant difference in
performance between the two groups was found in visuospatial ability (Asmundson et al.,
1994). Both studies investigated set shifting performance using the TMT B. Each study
reported non-significant small effect sizes of similar magnitude suggesting opposite patterns
of performance (range of -0.35 to 0.31). PD participants performed better than participants
with Social Phobia on the FAS (small effect size, -0.3) although this was a non significant

result (Airaksinen et al., 2005).

3.7.3. Comparison of PD with GAD

Only one study compared PD participants to a small group of participants with GAD
(Airaksinen et al., 2005). They found no difference between groups on a verbal memory task
of cued recall and a small non-significant difference (small effect size, 0.11) on a task of
verbal free recall. No significant difference was found between the two groups on attention
performance although GAD participants did not perform as well as PD participants (medium
effect size, -0.47). Executive function performance was compared using the TMT B and the
FAS. No significant differences were found on these tasks (effect sizes were small, ranging

from 0.08 to 0.22).

3.7.4. Comparison of PD and Specific Phobia
Airaksinen et al. (2005) compared PD participants to patients with Specific Phobia.
Using a verbal memory task of free and cued recall, PD participants did not perform

significantly differently to participants diagnosed with Specific Phobia (small effect sizes,
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0.21to0 0.37). Attention performance was not found to be different between the two groups
(small effect size, 0.28). Executive function performance was not significantly different

between groups on the TMT B (small effect size, 0.17) or the FAS (small effect size, 0.18).

3.7.5. Comparison of PD with Depression

Kaplan et al. (2006) compared two small groups (n=11) of PD patients, one group
diagnosed with PD alone and one group diagnosed with PD and comorbid Unipolar
Depression (UD). The paper provided performance data for both these groups, though the
authors compared their performance with matched healthy controls. From the information
provided, a comparison of visual memory, working memory, attention and set shifting task
scores revealed no significant differences between the groups in any domain and effect sizes
were small, ranging from -0.03 to 0.23.

Three studies compared participants with PD to participants with diagnosed UD or
Major Depressive Disorder (MDD) (Lautenbacher et al., 2001; Ludewig et al., 2003; Purcell
etal., 1998). Purcell et al. (1998) compared the groups on three tasks of visual memory from
the CANTAB computerised battery, reporting no significant differences and small effect
sizes (range -0.03 to 0.27). Working memory performance was found to be significantly
poorer in PD than UD participants using a computerised spatial span task (medium effect size
0.66) (Purcell et al., 1998). On two measures of perception no significant differences were
found on measures of divided or selective attention (range of small effect sizes -0.07 to 0.3)
(Lautenbacher et al., 2001). Executive function was investigated using task of set shifting,
planning and organising and decision making. Set shifting performance was compared
between PD and UD groups using the CANTAB Intradimensional-Extradimensional shift
task (IES). Effect sizes suggested better set shifting performance by PD participants, one of

these differences reached statistical significance (range from medium, -0.73, to small, -0.11)
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(Purcell et al., 1998). Very similar performance between groups was reported on a Tower of
London task investigating planning and organising ability (effect size 0.10) (Purcell et al.,
1998). On a two choice prediction task, PD participants were reported to perform similarly to
UD participants in terms of response bias; however PD participants generated less predictable
response sequences than UD at low error rates (Ludewig et al., 2003). Effect sizes could not

be calculated from the available data.

<|Insert Table 10 about here>

3.8. Examination of the effects of state anxiety

Four studies reported on some analysis comparing high reported anxiety at the time of
testing and neuropsychological performance. Three studies reported no effect of state anxiety
on neuropsychological performance in the PD group (Ludewig et al., 2003; Boldrini et al.,
2005; Gladsjo et al., 1998). Lucas et al. (1991) reported that state anxiety accounted for some

of the difference in visual memory performance seen in their PD participants.

3.9. Summary of Neuropsychological Findings

The findings of the reviewed studies suggest some support for a significant difference
in short term memory performance in people with PD in both verbal and visual memory, with
five out of seven studies indicating a difference in performance. There was some support for
impairment in perceptual ability, but although three out of four studies found differences, the
reliability and validity of the measures used was unclear. Only three of fourteen studies
found differences in long term memory compared to HC, which did not support long term
memory impairment in PD. The findings reviewed did not indicate consistent differences in

executive function performance, as only two of nine studies and two of twelve found group
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differences. Similarly, working memory was impaired only in one of seven studies and one
of four tests. Attention was not impaired in any of the seven studies incorporating six tests of
attention. Visuospatial abilities were impaired in two out of five studies and two of four tests,
which does not suggest consistent impairment. The weighted mean effect sizes for each
domain were calculated and presented in Table 7.

Four studies compared participants diagnosed with PD compared to others diagnosed
with OCD, one of three found significantly better performance in PD than OCD on tasks of
verbal and visual memory. Mixed results were reported in relation to working memory and
set shifting differences between groups. PD participants performed significantly better than
OCD participants on measures of planning and organising, visuospatial ability and decision
making. No significant differences between groups were found on measures of attention,
perception or verbal fluency.

A PD group was reported to perform significantly better than a Social Phobia group
on a measure of perception but no significant differences were reported on tasks of memory,
attention, visuospatial ability, set shifting or the FAS. When PD was compared to other
disorder groups, no significant differences were seen in neuropsychological performance
between PD and groups diagnosed with Generalised Anxiety Disorder, Specific Phobia, or
comorbid PD and Unipolar Depression. When PD was compared to patients with only
Unipolar depression, PD participants were found to be significantly poorer on a task of
working memory and significantly better on a set shifting task.

Unusually large effect sizes were found for the Gordeev (2008) study which had an
influence on the overall weighted means in the visual memory, verbal memory and
perception domains. Median effect size values may therefore be a more reliable estimate of

performance trends in these areas.
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3.10. Assessment of Methodological Quality

Table 2 contains study ratings on the eight quality criteria selected. This rating
system provides an indication of the methodological strengths of the studies reviewed relative
to each other, although it does not allow for detailed comparison.

Based on the chosen criteria, Purcell et al. (1998) was methodologically the strongest
study, although the majority of studies were of average to high quality. Studies which
reported significant results for more than half of the measures they reported, tended to be of
lower quality, as defined by the quality criteria. Four such studies (Airaksinen et al., 2005;
Gorini et al., 2010; Lautenbacher et al., 2002; Lucas et al., 1991) did not describe adjustment
for the multiple comparisons they used. In addition, three of these studies (Airaksinen et al.,
2005; Gorini et al., 2010; Lautenbacher et al., 2002) reported significant results on a measure
for which no reliability or validity information was available. Gordeev (2008) used
corrections for multiple comparisons and reported significant results for all the measures
used, examining areas of perception and short term memory; however no reliability or
validity data were available for any of these measures. These studies provided some of the
support in favour of short term memory and perception difficulties in people with PD.

Studies which reported few significant differences associated with diagnosis of PD,
tended to be of high quality as defined by the quality criteria. These studies (Asmundson et
al., 1994; Boldrini et al., 2005; Deckersbach et al., 2011; Galderisi et al., 2008) reported
significant differences between PD and HC participants for fewer than half of the measures
they investigated. Although two (Asmundson et al., 1994; Galderisi et al., 2008) used one
measure in their study that did not have reliability and validity data available, significant
results were only reported on validated measures. These studies contributed findings
supporting difficulties in short term memory, working memory span and learning,

visuospatial abilities and executive function.
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Four studies of high quality, as defined by the quality criteria, reported no significant
differences between PD samples and HC (Cavedini et al., 2002; Gladsjo et al., 1998; Kaplan
et al., 2006; Purcell et al., 1998). Three described no differences in relation to long term
memory and set shifting (Gladsjo et al., 1998; Kaplan et al., 2006; Purcell et al., 1998); two
in relation to decision making (Cavedini et al., 2002; Kaplan et al., 2006) and two relating to
other aspects of executive functioning (Gladsjo et al., 1998; Purcell et al., 1998). One lower
quality study also reported no significant findings on a decision making task for which no
psychometric information was found (Ludewig et al., 2003). Studies with high
methodological quality tended towards findings of little or no differences between PD and
HC groups. However three of the four high quality studies with negative findings had small
sample sizes, reducing their power to detect differences.

Overall, within the studies reviewed, group matching, method of diagnosis and
description of exclusion criteria were addressed adequately. Presentation of results was
generally adequate but all studies failed to provide confidence intervals or effect sizes with
their results. Eight of the 14 studies reviewed reported sample sizes less than 25, indicating
that they would have lacked the power to detect a large effect size with an alpha level of .05
in a 2 tailed comparison of two means (see Table 1). No studies reported using an a priori
power calculation. Uptake levels were poorly reported or not addressed in all but three
studies (Airaksinen et al., 2005; Gladsjo et al., 1998; Purcell et al., 1998). Just over half of
the studies reported corrections for multiple comparisons (Asmundson et al., 1994; Boldrini
et al., 2005; Cavedini et al., 2002; Deckersbach et al., 2011; Galderisi et al., 2008; Gordeev,
2008; Kaplan et al., 2006; Purcell et al., 1998). As most studies included a number of
measures and various post hoc tests, correction for multiple comparisons is an important issue

for the avoidance of type I errors.
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No studies reported on the reliability and validity of the measures used, therefore
these properties were further investigated. Most measures were described with psychometric
properties in Lezak and colleagues’ (2004) detailed description of neuropsychological
assessment and were described as valid and reliable for the groups in question. However, six
studies used a measure or measures not described in Lezak et al. (2004) and did not provide
reference to an appropriate source of reliability and validity data (Airaksinen et al., 2005;
Asmundson et al., 1994; Galderisi et al., 2008; Gordeev, 2008; Gorini et al., 2010; Ludewig
et al., 2003). One study used a measure from a German test battery and no reliability or
validity data was found in English (Lautenbacher et al., 2002). An appropriate search for

these data could not be performed in German due to translation difficulties.

4. Discussion

This systematic review examined the neuropsychological profile of individuals with
panic disorder using the available literature. With only 14 studies included in the review, it
demonstrated the scarcity of research in the area. The results obtained in these studies mostly
indicated an absence of difficulties in PD participants relative to HC, with no statistically
significant group differences being consistently reported across studies. There was some
support for potential impairments in short term verbal and visual memory in people with PD
compared to HCs. Results provided little support for impairment in any other area of
neuropsychological function. Differences in performance between PD and HC participants in
a number of neuropsychological areas was suggested by small to medium weighted mean
effect sizes calculated for each domain, however the reviewed studies did not have the power
to detect a statistically significant differences of this size.

In relation to other anxiety disorders, using the limited comparisons in the reviewed

studies, PD participants performed significantly better than OCD participants on measures of
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planning and organising, visuospatial ability and decision making. Mixed results were
reported in relation to memory, working memory and set shifting. No significant differences
in neuropsychological performance were reported between PD groups and groups diagnosed
with Generalised Anxiety Disorder or Specific Phobia and a difference in performance in the
domain of perception was reported between PD and a group diagnosed with Social Phobia.
Overall these comparisons suggested that patients with PD may perform differently on
neuropsychological measures to patients with OCD but not necessarily from patients with
other common anxiety disorders.

Evidence from the reviewed studies also suggested no significant differences in
neuropsychological performance between a group with PD alone, and a group with PD and
comorbid depression. In light of literature which suggests that comorbid anxiety and
depression lead to poorer neuropsychological performance than anxiety alone, this is
unexpected (Kizilibash et al., 2002). However the number of participants involved was small
and statistical power was very limited. When a PD group was compared to patients with
Unipolar Depression alone, PD participants were found to perform significantly poorer than
depressed patients on a working memory task and significantly better on a set shifting task.
These results were difficult to interpret based on such limited information but may warrant
further study.

A number of factors may have influenced the obtained results, including
methodological quality and characteristics of the sample used by each study, such as the
presence of comorbid disorders and the medication status of participants. These factors may
also affect the generalisability of the results.

Quiality criteria were applied to the studies reviewed, in order to further evaluate the
reported findings. Key issues arising from the assessment of methodological quality were

risk of type I error by failing to correct for multiple comparisons and use of measures without
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evident reliability or validity data for this population. Considering only studies which do not
suffer from these methodological weaknesses the overall profile changed very little: some
support remained for visual and verbal short term memory difficulties in people with PD
(Asmundson et al., 1994; Deckersbach et al., 2011) but the lack of consistency of results did
not support a conclusion of impairment in this area. No remaining studies supported verbal
long term memory or perception differences between people with PD and HCs. Only one of
the five remaining studies reporting on visual long term memory provided support for group
differences in that area (Deckersbach et al., 2011). This removal of the less methodologically
strong studies did not change the overall findings of no group differences on tasks of working
memory, attention, visuospatial ability and executive functioning.

As a number of Axis | and Axis Il disorders have been associated with cognitive
impairment (Trivedi, 2006), the inclusion of PD participants with comorbid disorders in some
of the reviewed studies introduces potential confounders. Eight studies reported participants
as having no comorbid disorders, two allowed all comorbidities, two excluded only
depression and two did not clearly state their exclusions. The exclusion of comorbidities
would help to isolate difficulties that are due to PD alone without the influence of other
psychological disorders. Within the reviewed studies, patients without comorbidity tended to
perform similarly to HCs (Cavedini et al., 2002; Gladsjo et al., 1998; Kaplan et al., 2006;
Purcell et al., 1998). This pattern of results suggested that the presence of comorbid disorders
increased the likelihood of finding poorer neuropsychological performance in patients with
PD or that the poor performance seen in some studies may be related to the comorbid
disorder rather than PD. However this was not seen in Kaplan et al.’s (2006) study where
comorbid UD did not lead to significantly poorer performance in PD. Further research will

be required to clarify this.
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Half of the studies reviewed reported including participants on medication, although
two of these excluded people who were taking benzodiazepines. There were no trends in
findings relating to medication status of participants. This was somewhat surprising as
benzodiazepines (Deckersbach et al., 2011) and tricyclic antidepressants (Stein and
Strickland, 1998) have been associated with additional cognitive impairment while Selective
Serotonin Reuptake Inhibitors have not been consistently associated with impairment
(Mataix-Cols et al., 2002).

Ten of the fourteen studies matched groups on age, gender and education. Of the four
poorly matched groups, three of these were among those who produced a high number of
significant findings. Poor group matching at the outset may have influenced results, as
differences in age, gender and education have been shown to have an impact on
neuropsychological test performance (Corral et al., 2006; Lowe et al., 2003; Reitan and
Wolfson, 1995).

State anxiety at the time of testing was measured in eleven of fourteen studies. Eight
of these made comparisons between PD and HC groups. In these studies, statistical tests
suggested that PD groups were more anxious than HC at the time of testing but there was no
pattern in the data relating to participant groups identified as being more anxious
subsequently performing worse on tasks. Four studies reported on investigating the effect of
state anxiety on test performance, three of these finding no effect (Boldrini et al., 2005;
Gladsjo et al., 1998; Ludewig et al., 2003; Lucas et al., 1991). Research using other
populations also suggests that state anxiety is unlikely to have an impact on test performance

(Gass and Curiel, 2011; O’Jile et al., 2005; Smitherman et al., 2007).
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4.1. Limitations

Only papers written in English were included in this review, limiting its scope. At
least one potentially relevant study, not published in English, was excluded (Castillo et al.,
2010). Studies containing PD samples of fewer than 15 participants were excluded from the
review. This also reduced the number of studies reviewed, however the statistical power of
such studies would have been low and findings, particularly negative findings, would have
been difficult to interpret (Bezeau and Graves, 2001). This review is based on a relatively
small number of studies; however this is primarily due to the scarcity of literature rather than
the exclusion of potentially relevant studies. The consistency of the findings across these

studies allows for greater confidence in conclusions drawn from this small number of studies.

4.2. Recommendations/implications for future research

These studies suggested no consistent differences in cognitive performance between
individuals with PD and healthy control participants, which was in keeping with similar
findings in people with Social Phobia and Generalised Anxiety Disorder (Airaksinen et al.,
2005; O'Toole and Pedersen, 2011). The weighted mean effect sizes calculated suggested a
potential small to medium effect size, but this is smaller than what is usually considered a
clinically significant effect size in neuropsychological research (Bezeau and Graves, 2001).
Therefore the present review did not suggest any general implications of neuropsychological
functioning for the treatment of PD (in a broad sense); though of course individual variations
may mean that neuropsychological functioning has an impact on the treatment of some
individuals with PD. An impairment in short term memory, if it were present in some PD
patients, may have an impact on the psychoeducation phase of CBT treatment, as
recommended by the National Institute of Health and Clinical Excellence (NICE, 2011). The

provision of written materials and other memory aids could potentially be helpful.
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An avoidance of type | error in relation to multiple comparisons has been discussed
already, but type Il errors were also of relevance to the studies in this review. Future research
should consider using sample sizes appropriate to detecting small to medium effect sizes, as
weighted mean effect sizes calculated ranged from 0.08 to 0.48. Reporting on the effect sizes
obtained would further illustrate the potential magnitude of any differences detected (Bezeau
and Graves, 2001). Specific hypotheses focussing on the highlighted areas of potential
impairment, particularly short term memory, with an effort to use the same or directly
comparable measures to other studies, would contribute to the clarification of findings. In
addition the specificity of any potential impairment requires further examination. While PD
has been compared to OCD on a number of occasions (Bannon et al., 2006), comparisons
with disorders such as Social Phobia and GAD, which have demonstrated similar patterns of
neuropsychological performance may help to further illustrate if there are any specific

impairments related to PD.

4.3. Conclusion

This systematic review of the neuropsychological profile of Panic Disorder (PD)
demonstrates that within the current literature there is little support for any
neuropsychological impairment in PD. Some support was found for impairment in short term
memory which requires further investigation using larger sample sizes (25 or more) and the
use of appropriate clinical comparison groups to determine the specificity of any impairment

found.
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Figure 1 Flowchart showing search process and the number of included and excluded studies.
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Table 1 Key Study Characteristics
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Authors

Sample size?

Groups matched on

Key exclusion criteria

Levels of anxiety and depression

compared between groups

Medication

Airaksinen et al.

(2005)

Asmundson et al.

(1994)

Boldrini et al.

(2005)

Cavedini et al.

(2002)

33 PD (30 PD only and

3 Ag only)

32 SP, 7 GAD, 16 OCD

24 Specific P, 175 HC

18 PD
18 SP

16 HC

15 PD with Ag
250CD

15 HC

16 PD

34 0CD

34 HCP

age, education

gender, age, education

gender, age, education

handedness, intelligence

gender, age, education

No exclusions

Current major depression
excluded in all groups.

SP excluded in PD group,
PD excluded in SP group

All Axis | or Il excluded

All Axis | or Il excluded

No comparisons

BDI: PD =SP >HC

BAI: PD=SP >HC

No comparisons

No comparisons

No medications excluded

1 PD taking pro re nata

benzodiazepines

Free from benzodiazepines
(no time period) but SSRIs
not excluded

All medication free for at

least 2 weeks
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Deckersbach et al.

(2011)

Galderisi et al.
(2008)
Gladsjo et al.
(1998)

Gordeev (2008)

Gorini et al.
(2010)
Kaplan et al.

(2006)

Lautenbacher et al

(2001)

20PD

20HC

28 PD (26 with Ag)
32HC

69 PD

19 HC

93 PA

36 HC

31 PD with Ag,
31HC

22 PD (11 PD only, 11
PD + MDD)",

22 HC

21 PD, (16 with Ag, 5
without Ag)

21 MDD

gender, age, education

gender, age, education
handedness

gender, age, education

ethnicity, handedness

education

gender, age, education

gender, age, education

gender

Depression, psychosis and

bipolar disorder excluded

MDD and other anxiety
disorders excluded

All Axis | or Il excluded

No information

Other primary diagnoses
excluded
Other anxiety or depressive

disorder excluded

Lifetime comorbidity of

Axis 1 excluded

STAI: PD >HC

BDI: PD > HC

No comparisons

No comparisons

BDI: PD > HC

STAI: PD > HC

No comparisons

MADRS: PD > HC

Ham A: PD > HC

No comparison

All free from
benzodiazepines for at least
4 weeks.

One PD taking Sertraline
Medication free for 4 weeks
or drug naive

Medication free for at least
2 weeks

Medication free for 2 weeks

Medication free for 1-2

weeks

All medication free (no

time period given)

Medication free for 6 days
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20 HCP

Lucas etal. (1991) 25PD

25 HC
Ludewig et al. 18 PD
(2003) 18 MDD
35 HCP
Purcell et al. 30 PD
(1998) 30 0CD
30 UD
30 HC

gender, age, education

handedness

gender, age

gender, age, education

handedness, 1Q

Current mood disorder, or
other anxiety disorder
excluded

No information

Comorbid disorder
excluded but anxiety or
depression symptoms

accepted

BDI: PD > HC

STAI: PD >HC

No comparisons

Ham D: PD = OCD = HC

Ham A: PD > OCD = HC

Patients remained on

medication

14 of 18 PDs on medication

including SSRIs and TCA

19 PD on medication

a PD group is mixed with and without agoraphobia with details unavailable unless otherwise specified, b Additional groups were included in the study which did not form

part of this review, ¢ MDD is episode secondary to PD, MDD = Major Depressive Disorder, UD = Unipolar Depression, SP = Social Phobia, GAD = Generalised Anxiety

Disorder, OCD = Obsessive Compulsive Disorder, Specific P = Specific Phobia, STAI= State Trait Anxiety Inventory, TCA = tricyclic antidepressant, SSRI = selective

serotonin reuptake inhibitor

Ag = agoraphobia, HamA = Hamilton Anxiety rating scales, HamD = Hamilton Depression rating scale, BDI= Beck Depression Inventory, BAl= Beck Anxiety Inventory,

MADRS = Montgomery Asberg Depression Rating Scale
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Table 2 Quality criteria applied to reviewed studies

i exclusion ii group iii iv neuropsych % Vi vii outputs viii
Name of study criteria matching  diagnosis measures sample size uptake levels reported Analysis  Total
Airaksinen et al. (2005) WC AA wC AA WC AA AA AA 11
Asmundson et al. (1994) WC wC wC AA AA NA AA AA 10
Boldrini et al. (2005) WC WC WC WC AA NA AA AA 11
Cavedini et al. (2002) AA wC wC WC AA NA AA WC 11
Deckenbacher et al. (2011) AA wC wC WC AA NA AA AA 10
Galderisi et al.(2008) WC WC WC AA WC NA AA AA 11
Gladsjo et al. (1998) WC wC wC WC AA AA AA AA 12
Gordeev (2008) PA PA AA AA WC NA AA WC 7
Gorini et al. (2010) PA wC AA AA WC NA AA AA 8
Kaplan et al. (2006) WC WC WC WC AA NA AA WC 12
Lautenbacher et al. (2001) WC AA AA AA AA NA AA AA 8
Lucas et al. (1991) WC wC wC WC WC NA AA AA 12
Ludewig et al. (2003) PA AA wc AA AA NA PA AA 6
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Purcell et al. (1998) WC wC wC WC WC AA AA WC

14

i. Eligibility criteria are specified, ii. Comparison group is matched, iii. Diagnosis using appropriate criteria and measure, iv. Neuropsychological Measures are robust, v.
Sample size adequate for all groups, vi. Levels of uptake are reported, vii. Results — appropriate outputs provided, viii. Appropriate statistical techniques used.

WC=well covered, AA=adequately addressed, PA=poorly addressed, NA=not addressed.
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Table 3 Verbal memory in panic disorder compared to healthy controls

Verbal Memory Test study/authors PD v HC d
CVLT
Immediate free recall trial 5 Asmundson et al. (1994) N 1.50
Immediate free recall trial 1 Asmundson et al. (1994) - 1.11
Short delay free recall Asmundson et al. (1994) 1.33
Total free recall Asmundson et al. (1994) 1.11
Deckersbach et al. (2011) - 0.65
Gladsjo et al. (1998) - 0.30
Short delay cued recall Asmundson et al. (1994) - 0.83
Retention Asmundson et al. (1994) - -0.29
Deckersbach et al. (2011) - 0.05
Response inhibition Asmundson et al. (1994) - 0.43
Response discrimination Asmundson et al. (1994) - 0.43
Deckersbach et al. (2011) - 0.31
Gladsjo et al. (1998) - 0.10
Word Lists
AVLT delayed recall Galderisi et al. (2008) - -0.06
Warrington RMT Gladsjo et al. (1998) - 0.14
Words remembered short term Gordeev et al. (2008) N 10.27
Words remembered
Free recall Airaksinen et al. (2005) N2 0.40
Cued recall Airaksinen et al. (2005) N2 0.35
Selective Reminding Test (SRT)
Long term recall Boldrini et al. (2005) - 0.37
Lucas et al. (1991) N 0.61
Long term storage Boldrini et al. (2005) - 1.98
Lucas et al. (1991) N 0.57
Intrusions Boldrini et al. (2005) - -0.05
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Delayed recall Boldrini et al. (2005) - 1.30

Lucas et al. (1991) N 0.90
Trials to criterion Lucas et al. (1991) - 0.44
Logical Memory (WMS)
Delayed recall Lucas et al. (1991) - 0.59
Immediate recall Deckersbach et al. (2011) - -0.18
Paired associate learning (WMS) -
Immediate recall Lucas et al. (1991) - 6.95
Delayed recall Lucas et al. (1991) - 0.28

Y Indicates significantly worse performance than HC
/Nindicates significantly better performance than HC

- indicates no significant difference compared to HC
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Table 4 Visual memory in panic disorder compared to healthy controls

Visual Memory Test study/authors PDv HC d
Benton Visual Retention Test

Form F (BVRT-F) Asmundson et al. (1994) - 0.16
Number of Errors Deckersbach et al. (2011) 0.74
Number of Errors Lucas et al. (1991) 1.06
RCFT

immediate recall Deckersbach et al. (2011) N7 0.79
percent recall Boldrini et al. (2005) - 0.27
percent recall Deckersbach et al. (2011) - -0.64
Visual Selective Reminding test (VSRT)

long term storage Gladsjo et al. (1998) - 0.16
long term storage Lucas et al. (1991) N7 0.83
total recalled Gladsjo et al. (1998) - 0.21
long term retrieval Gladsjo et al. (1998) - 0.21
long term retrieval Lucas et al. (1991) 0.87
Delayed recall Lucas et al. (1991) 1.05
Trials to criterion Lucas et al. (1991) 0.74
Warrington RMT Faces Gladsjo et al. (1998) - -0.33
Continuous Visual Memory test (CVMT)

total recalled Gladsjo et al. (1998) - -0.06
d-Prime Gladsjo et al. (1998) - -0.13
Numbers remembered, short term Gordeev et al. (2008) 11.53
Visual Reproduction (WMS) - delayed recall Lucas et al. (1991) 0.88
CANTAB

Spatial Recognition Memory Kaplan et al. (2006) - -0.13
Spatial Recognition Memory Purcell et al. (1998) - 0.37
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pattern recognition memory Kaplan et al. (2006) - -0.12

pattern recognition memory Purcell et al. (1998) - 0.06
Delayed match to sample Kaplan et al. (2006) - 0.13
Delayed match to sample Purcell et al. (1998) - 0.18

WVindicates significantly worse performance than HC
/Nindicates significantly better performance than HC

- indicates no significant difference compared to HC
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Table 5 Working memory in panic disorder compared to healthy controls

Cognitive function  Test study/authors PDv HC d
Working Memory  Digit span Boldrini et al. (2005) - 1.95
Deckersbach et al. (2011) - -0.28
Gladsjo et al. (1998) - 0.53
Lucas et al. (1991) - -0.04
Corsi Block Tapping Task (CBT)
span Boldrini et al. (2005) - 2.43
supraspan Boldrini et al. (2005) N2 3.78
accuracy index Galderisi et al. (2008) N -0.51
Hebb Digit Recurring test - accuracy index Galderisi et al. (2008) - 0.43
WMS-R
spatial span forward Deckersbach et al. (2011) - -0.05
spatial span backward Deckersbach et al. (2011) - -0.49
CANTAB
Spatial Span Kaplan et al. (2006) - 0.11
Spatial Span Purcell et al. (1998) - 0.60
Attention Mental control task (WMS-R) Lucas et al. (1991) - 0.21
Continuous performance test Galderisi et al. (2008) - -0.48
TMT A Airaksinen et al. (2005) - 0.08
Asmundson et al. (1994) - 0.01
Gladsjo et al. (1998) - -0.44
Digit symbol (WAIS-R) Galderisi et al. (2008) - 0.47
Gladsjo et al. (1998) - 0.65
Digit vigilance - time Gladsjo et al. (1998) - -0.03
Digit vigilance - errors Gladsjo et al. (1998) - 0.09

CANTAB
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Perception

Visuospatial

ability

Rapid Visual Information Processing

Digit Cancellation Test (DCT)
Signal Detection (from Weiner-Test-System)

munsterberg test

Schulte tables
Visual Field Neglect task (from TAP)

Facial Recognition test (BFRT) short form

Block design (WAIS-R)

Mental rotation test

Spatial orientation and learning —
virtual water maze analog

RCFT

Copy

Copy

Kaplan et al. (2006)

Asmundson et al. (1994)
Lautenbacher et al. (2001)

Gordeev (2008)

Gordeev (2008)
Lautenbacher et al. (2001)

Boldrini et al. (2005)

Asmundson et al. (1994)

Gladsjo et al. (1998)

Deckersbach et al. (2011)

Gorini et al. (2010)

Boldrini et al. (2005)

Deckersbach et al. (2011)

N

0.12

-0.06

0.48

29.47

21.70

0.31

0.16

0.90

0.26

-0.29

0.55

2.32

-0.32

VIndicates statistically significantly worse performance than HC

ANindicates statistically significantly better performance than HC

- indicates no significant difference compared to HC
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Table 6 Executive function in panic disorder compared to healthy controls

Cognitive
function Test study/authors PDv HC d
Set shifting TMT B Airaksinen et al. (2005) J 0.37
Asmundson et al. (1994) - 0.31
Gladsjo et al. (1998) - -0.34
WCST
categories Boldrini et al. (2005) - 2.53
total errors Boldrini et al. (2005) - 2.77
perseverative errors Boldrini et al. (2005) - 1.87
non-p errors Boldrini et al. (2005) - 1.95
perseverative responses Boldrini et al. (2005) - 1.63
null sorts Boldrini et al. (2005) - 0.04
CANTAB
Intradimensional-Extradimensional
Shift
Stages Kaplan et al. (2006) - 0.11
Adjusted errors Kaplan et al. (2006) - 0.20
IDS trial score Purcell et al. (1998) - -0.11
EDS trial score Purcell et al. (1998) - 0.40
Spatial working memory Kaplan et al. (2006) - -0.04
Spatial working memory Purcell et al. (1998) - -0.13
Planning and
orgainsing Tower of London Purcell et al. (1998) - 0.16
RCFT organisation Deckersbach et al. (2011) N7 1.42
verbal fluency  FAS in 60 sec Airaksinen et al. (2005) - -0.08
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FAS in 60 sec
letter fluency
COWAT

category fluency

Decision
making lowa Gambling Task
Cambridge Gambling Task

Two-Choice Prediction Task

Boldrini et al. (2005)
Gladsjo et al. (1998)
Deckersbach et al. (2011)

Gladsjo et al. (1998)

Cavedini et al. (2002)
Kaplan et al. (2006)

Ludewig et al. (2003)

2.38

0.64

0.18

0.82

u/a

u/a

u/a

Vlindicates significantly worse performance than HC, MNindicates significantly better performance than HC,

- indicates no significant difference compared to HC

u/a indicates sufficient data unavailable to make calculation
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Table 7 Weighted mean effect sizes by domain

Median 95%  95%

Range of ES Weighted  ClI Cl Critical
Domain ES mean ES  lower upper Q Q
Verbal Memory -0.29-10.27 043 0.55 0.44 0.66 226.52 14.07
Visual Memory 0.64-11.53 0.21 0.31 0.20 042 267.01 14.07
Working -0.51-3.78 0.27 0.29 0.10 047  61.04 12.6
memory
Attention -0.48-0.65 0.09 0.08 -0.07  0.23 0.54 11.07
Perception -0.06-29.47  0.40 0.64 0.38 090 473.53 7.81
visuospatial -0.32-2.32 0.41 0.38 0.13 0.63  28.49 9.49
set shifting -.034-2.77 0.34 0.31 0.17 0.45 66.62 11.07
Planning and 0.16-1.42 0.79 0.29 0.07 051 11.16 3.84
organising
Verbal Fluency 0.08-2.38 0.64 0.43 0.20 0.67 26.68 7.81
Total/Mean 0.29 0.35 0.30 041 966.82 15.51

Range of ES = range of effect sizes produced by each study on tasks in this domain,

Cl=confidence interval, and Q=homogeneity statistic.
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Table 8 Memory performance of panic disorder compared to other anxiety disorders

Cognitive function Test study/authors PD v
OCD SocP GAD SpP

Verbal Memory CVLT

Immediate free recall trial 5 Asmundson et al. (1994) 0.45ns

Immediate free recall trial 1 Asmundson et al. (1994) -0.36 ns

Short delay free recall Asmundson et al. (1994) 0.72 ns

Total free recall Asmundson et al. (1994) 0.05 ns

Short delay cued recall Asmundson et al. (1994) 0.41ns

Retention Asmundson et al. (1994) -0.44 ns

Response inhibition Asmundson et al. (1994) 0.60 ns

Response discrimination Asmundson et al. (1994) 0.31ns

Word Lists

Words remembered

Free recall Airaksinen et al. (2005) 0.20 ns 0.08 ns 0.11ns 0.37 ns

Cued recall Airaksinen et al. (2005) -0.02 ns -0.04 ns 0 0.21ns

Selective Reminding Test (SRT)



Long term recall Boldrini et al. (2005)

Long term storage Boldrini et al. (2005)

Intrusions Boldrini et al. (2005)

Delayed recall Boldrini et al. (2005)
Visual Memory Benton Visual Retention Test

Form F (BVRT-F) Asmundson et al. (1994)

RCFT

percent recall Boldrini et al. (2005)

CANTAB

Spatial Recognition Memory Purcell et al. (1998)

pattern recognition memory Purcell et al. (1998)

Delayed match to sample Purcell et al. (1998)

-1.88 N
0.30 ns
-4.09 N

-0.41 ns

-0.13 ns

-0.57
-0.64

-0.28 ns

0.46 ns

Y Indicates statistically significantly worse performance than comparison group
™ Indicates statistically significantly better performance than comparison group

ns Indicates no significant difference compared to comparison group

OCD = Obsessive compulsive Disorder, SoP= Social Phobia, GAD = Generalised Anxiety Disorder, SpP = Specific Phobia

a = not significant after Bonferroni corrections
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Table 9 Working memory, attention, perception, visuospatial ability and executive function performance of panic disorder compared to other

anxiety disorders

Cognitive function Test study/authors PS v
OCD SocP GAD SpP

Working Memory Digit span Boldrini et al. (2005) 1.62 ¥

Corsi Block Tapping Task (CBT)

span Boldrini et al. (2005) -2.45 M

supraspan Boldrini et al. (2005) 0.38 ns

Spatial Span Purcell et al. (1998) 0.08 ns
Attention TMT A Airaksinen et al. (2005) -0.11 ns 0.09 ns -0.47 ns 0.28 ns

Asmundson et al. (1994) -0.20 ns

Digit Cancellation Test (DCT) Asmundson et al. (1994) -0.69
Perception Facial Recognition test (BFRT) Boldrini et al. (2005) 0
Visuospatial Block design (WAIS-R) Asmundson et al. (1994) -0.04 ns
Ability RCFT
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Set shifting

Planning and
Organising

Verbal fluency

Decision making

Copy

TMT B

WCST

categories

total errors
perseverative errors
non-p errors
perseverative responses
null sorts

IDS trial score

EDS trial score

Spatial working memory

Tower of London
FAS in 60 sec
FAS in 60 sec

lowa Gambling Task

Boldrini et al. (2005)
Airaksinen et al. (2005)

Asmundson et al. (1994)

Boldrini et al. (2005)
Boldrini et al. (2005)
Boldrini et al. (2005)
Boldrini et al. (2005)
Boldrini et al. (2005)
Boldrini et al. (2005)
Purcell et al. (1998)

Purcell et al. (1998)

Purcell et al. (1998)

Purcell et al. (1998)
Airaksinen et al. (2005)
Boldrini et al. (2005)

Cavedini et al. (2002)

-2.98

0.07 ns

0.08 ns
093V
-0.55 ns
0.95 ¥
-0.55 ns
-3.14
-0.50 ns
-0.14 ns

-0.05 ns

-0.43 N
-0.35ns
-0.63 ns

N\

0.31ns

-0.35ns

-0.36 ns

0.22 ns

0.08 ns

0.17 ns

0.18 ns

WVindicates statistically significantly worse performance than comparison group
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Mndicates statistically significantly better performance than comparison group
ns Indicates no significant difference compared to comparison group

OCD = Obsessive compulsive Disorder, SocP= Social Phobia, GAD = Generalised Anxiety Disorder, SpP = Specific Phobia
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Table 10 Neuropsychological performance in PD compared to depression

PD v PD v

Cognitive function  Test study/authors PD+MDD MDD d
Visual Memory CANTAB

Spatial Recognition Memory  Kaplan et al. (2006) - 0.15

Pattern Recognition Memory  Kaplan et al. (2006) - 0.04

Delayed Match to Sample Kaplan et al. (2006) - -0.03

Spatial Recognition Memory Purcell et al. (1998) - -0.03

Pattern Recognition Memory  Purcell et al. (1998) - 0.27

Delayed Match to Sample Purcell et al. (1998) - 0.03
Working Memory  CANTAB

Spatial Span Kaplan et al. (2006) - 0.23

Spatial Span Purcell et al. (1998) N2 0.66
Attention CANTAB Rapid Visual

Information Processing Kaplan et al. (2006) - 0.06
Perception Signal Detection Lautenbacher et al. (2001) - -0.07

Visual Field Neglect task Lautenbacher et al. (2001) - 0.30
Set Shifting CANTAB Intradimensional-

Extradimensional Shift

Stages Kaplan et al. (2006) - 0.10

Adjusted errors Kaplan et al. (2006) - -0.12

IDS trial score Purcell et al. (1998) N -0.73

EDS trial score Purcell et al. (1998) - -0.33

Spatial working memory Purcell et al. (1998) - -0.11
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Planning and

organising Tower of London Purcell et al. (1998)

Decision making Cambridge Gambling Task Kaplan et al. (2006) -

Two-Choice Prediction Task Ludewig et al. (2003)

0.01

u/a

u/a

PD+MDD = patient group diagnosed with both PD and Major Depressive Disorder

WVindicates statistically significantly worse performance in PD only than MDD or PD+MDD group
AMIndicates statistically significantly better performance in PD only than MDD or PD+MDD group
- Indicates no significant difference compared to MDD or PD+MDD group
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