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Abstract: A role for second-generation antipsychotics (SGAs) in the treatment of panic disorders
(PD) has been proposed, but the actual usefulness of SGAs in this disorder is unclear. According
to the PRISMA guidelines, we undertook an updated systematic review of all of the studies that
have examined, in randomized controlled trials, the efficacy and tolerability of SGAs (as either
monotherapy or augmentation) in the treatment of PD, with or without other comorbid psychiatric
disorders. Studies until 31 December 2015 were identified through PubMed, PsycINFO, Embase,
Cochrane Library and Clinical trials.gov. Among 210 studies, five were included (two involving
patients with a principal diagnosis of PD and three involving patients with bipolar disorder with
comorbid PD or generalized anxiety disorder). All were eight-week trials and involved treatments
with quetiapine extended release, risperidone and ziprasidone. Overall, a general lack of efficacy of
SGAs on panic symptoms was observed. Some preliminary indications of the antipanic effectiveness
of risperidone are insufficient to support its use in PD, primarily due to major limitations of the
study. However, several methodological limitations may have negatively affected all of these studies,
decreasing the validity of the results and making it difficult to draw reliable conclusions. Except for
ziprasidone, SGAs were well tolerated in these short-term trials.

Keywords: panic disorder; second-generation antipsychotics; quetiapine; risperidone; ziprasidone;
bipolar disorder

1. Introduction

Panic disorder (PD) is a highly prevalent (lifetime prevalence rate of 3%–4%), debilitating
psychiatric disorder [1]. PD results from the interplay of unexpected panic attacks (PAs) (i.e., the
core symptom of the disorder) and other symptoms following the occurrence of PAs, i.e., anticipatory
anxiety and maladaptive changes in behavior related to PAs. Most subjects with PD fear or avoid
multiple situations in which PAs can occur (agoraphobia) [2].

Several medications are effective for PD, including selective serotonin reuptake inhibitors
(SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCAs) and
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benzodiazepines. Among these, SSRIs, such as paroxetine, sertraline, fluoxetine and citalopram, and
SNRIs, such as venlafaxine, are considered to be first-line treatment agents because of their efficacy
and favorable side effect (SE) profile [3,4].

Despite these treatment options, in short-term clinical trials, 17%–64% of participants with PD
did not respond adequately to pharmacotherapy and continued to have PAs and/or avoidance
symptoms [5]. Overall, approximately 20%–40% of patients did not achieve full remission with the
recommended drugs. A similar percentage of patients did not improve with cognitive behavioral
therapy (CBT), and combining CBT with pharmacotherapy has not sufficiently filled this gap. Finally,
the rate of relapses within six months of drug discontinuation is 25%–50%, the rate of residual
panic-phobic symptoms is up to 50%, and up to 30% of patients still have a full-blown disorder after
3–6 years [3,6].

From a clinical perspective, there is still a strong unmet need for more effective pharmacological
treatments for PD. Disappointingly, in the last few years, the preclinical and clinical investigation of
alternative novel mechanism-based antipanic drugs has made little progress, and new medications
for PD are far from being implemented in clinical use [7]. On the other hand, some existing
medications already approved for other psychiatric disorders having different pharmacodynamic
profiles compared to standard drugs for PD have been investigated as monotherapy or adjunctive
treatments to recommended antipanic therapies [3]. Among these, several studies focused on
second-generation antipsychotics (SGAs). Even if the results are mixed, some preclinical and clinical
studies have suggested intrinsic anxiolytic properties of these compounds, not attributable to their
antipsychotic effects. In rats, risperidone, olanzapine and clozapine modulated fear conditioning
and defensive behaviors against threats [8–10], which are the processes implicated in several
anxiety conditions of humans, such as conditioned anxiety and phobic behaviors of patients with
PD [11–14]. These properties of SGAs in animal models may be partly explained by their ability
to modulate the dopaminergic system in prefrontal cortex and limbic regions, which are the areas
involved in fear conditioning processes [10,15,16]. The SGA-induced blockade of 5-HT (serotonin) 2A
receptors and activation of non-5HT 2A receptors, the enhancing of 5-HT release through blockade
of α2-adrenergic receptors on 5-HT terminals and the modulation of the noradrenergic system with
multiple mechanisms are also believed to play a role in the anxiolytic-like activity of SGAs [16,17].
Finally, in the cerebral cortex and hippocampus of rodents, olanzapine and clozapine may increase the
levels of GABAergic neuroactive steroid allopregnanolone [18], which is a potent GABA-A receptor
modulator showing anxiolytic properties in several animal models, including the elevated plus-maze
task [19,20].

Clinical studies on anxiety disorders have provided preliminary indications of anxiolytic effects of
SGAs, especially quetiapine, in generalized anxiety disorder (GAD), even though issues with adverse
effects (AEs) and tolerability suggested careful assessment of risks/benefits when considering the use
of SGAs in these patients [21–23]. A recent review of the studies published until June 2013 suggested
that SGAs (quetiapine, risperidone, olanzapine) could be effective and well-tolerated treatment options
for PD, as either monotherapy or augmentation [24]. However, these results have primarily arisen
from small, open-label studies, which do not allow drawing reliable conclusions. Therefore, we
undertook an updated systematic review of all of the studies that have examined, in randomized
controlled trials (RCTs), the efficacy and tolerability of SGAs in the treatment of PD, with or without
other comorbid psychiatric disorders. We used the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [25].

2. Results

We included five studies in this review, which are summarized in Table 1. A recent
proof-of-concept RCT [26] appraised the efficacy of quetiapine extended release (XR) (flexible
doses) co-administration treatment compared to placebo (eight weeks) in a small sample
of SSRI-/SNRI-resistant patients, with a principal diagnosis of PD and a Clinical Global
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Impression-Severity (CGI-S) scale score of ě4. Most of them had comorbid psychiatric conditions.
The method of defining SSRI/SNRI resistance was mixed, which is as follows: patients receiving
adequate (ě8 weeks, in sufficient doses) ongoing SSRI/SNRI therapy at intake were classified as
“resistant” if the psychiatrist’s clinical impression (Clinical Global Impression-Improvement (CGI-I))
was ě3 (historical assessment); patients who were medication free at intake were treated for eight
weeks with open-label sertraline (50–200 mg die), citalopram (20–40 mg die) or escitalopram (10–20 mg
die); and patients who had a <50% decrease from baseline in the Panic Disorder Severity Scale
(PDSS) total score after the eight-week SSRI treatment were classified as “resistant” (prospective
assessment). No other psychotropic medications were allowed during the study, and surreptitious
use of benzodiazepine was monitored by urine toxicology. During the trial, improvement of panic
symptoms (primary outcome) and secondary outcome measures were observed in the whole sample,
but no significant differences between quetiapine XR and placebo were found. Quetiapine XR was
generally well tolerated, except for three patients who discontinued early due to medication-related
SEs. No significant differences between quetiapine XR and placebo emerged in treatment-related SEs.
According to the power calculation performed by the authors, this study was underpowered to detect
small-to-moderate effects, while it was powered to detect large effect sizes.

Prosser and coworkers [27] compared the efficacy of monotherapy treatment with risperidone
or paroxetine (eight weeks) in a mixed sample of patients with PD (43 patients, 76.8%) or with major
depressive disorder (MDD) and PAs (13 patients, 23.2%). A baseline Hamilton Anxiety (HAMA) scale
score of least 17 was required to be included, whereas no specific measures of panic symptomatology
were used as inclusion/exclusion criteria. No other psychotropic medications were allowed during the
study, even though no urine toxicology to monitor surreptitious use of drugs was reported. The two
groups differed in the initiation of medications: risperidone was titrated, whereas paroxetine was
not (paroxetine starting dose: 30 mg die). In the whole sample, the attrition rate of the participants
was 48.2%. The rate of completers in the risperidone group was numerically higher than that in the
paroxetine group, although the difference did not reach statistical significance. During the trial, a
significant improvement of all of the outcome measures was found, including some panic symptom
measures, without significant differences between risperidone and paroxetine. Of note, a significantly
higher baseline severity of depressive symptoms in the paroxetine than in the risperidone group was
found, with a significant correlation with some baseline and anxiety outcome measures, including
midpoint PDSS total score. No separate analyses in the subgroup with PD were provided. No difference
was found between the two groups in the number of participants who dropped out prematurely due
to intolerable (unspecified) SEs, but, of note, the reason for attrition was not collected for seven
participants who dropped out. Other information about SEs was not available. Finally, no power
calculation was provided.

The following three studies focused on participants with bipolar disorder (BD) with co-occurring
GAD or PD. An eight-week study [28] compared ziprasidone monotherapy with placebo in improving
the clinical symptoms of patients with lifetime BD with co-occurring lifetime PD or GAD. At baseline,
at least moderately severe anxiety symptoms (CGI-21 Anxiety Scale score ě4) and not more than
moderately severe bipolar symptoms (CGI-Bipolar Version <4) were required to be included in the
study, whereas no specific measures of panic symptomatology were used as inclusion/exclusion
criteria. The proportion of participants who had PD was not reported, and no analyses in the subgroup
of participants with PD were provided. In the whole sample, the participant attrition rate was 53.1%.
The rate of completers in the ziprasidone group was significantly lower than that in the placebo group.
Some adjunctive medications were allowed during the study, but without a difference in distribution
between the two groups. During the trial, a significant improvement in several outcome measures
was found, including Sheehan Panic Scale (SPS) scores, but without significant differences between
ziprasidone and placebo. According to the power calculation performed by the authors, this study
was underpowered to detect small-to-moderate effects, while it had power to detect large effect sizes.
Compared to placebo, a significantly higher number of participants in the ziprasidone group withdrew
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from the study due to AEs/SEs. Ziprasidone was associated with a significantly more negative SE
profile than placebo.

An eight-week study [29] compared risperidone monotherapy with placebo in improving the
clinical symptoms of patients with lifetime BD with co-occurring lifetime PD or GAD. At baseline, at
least moderately severe anxiety symptoms (CGI-Severity Scale score ě4) and not more than moderately
severe bipolar symptoms (CGI-Bipolar Version ď4) were required to be included in the study, whereas
no specific measures of panic symptomatology were used as inclusion/exclusion criteria. Patients
were excluded if they had psychotic symptoms. Both the proportion of participants who had lifetime
PD (n = 80) and some analyses in the subgroup of participants with PD were provided, even though
no analyses were performed on specific panic symptom scales in this subgroup. In the whole group,
risperidone was not superior to placebo in reducing panic and anxiety symptoms, as well as in
improving the other outcome measures. Within the subgroup with PD, placebo-treated patients had a
significantly greater improvement on the global anxiety symptoms (HAMA scores) than those treated
with risperidone. No power calculation was provided. Risperidone was well tolerated, with only
one participant withdrawing due to an episode of heightened anxiety and anger. Extrapyramidal
symptoms did not significantly differ between risperidone and placebo.

An eight-week study [30] compared quetiapine XR monotherapy with the mood stabilizer
divalproex extended release (XR) and placebo in improving the clinical symptoms of patients with
lifetime BD with co-occurring lifetime PD or GAD. At baseline, at least moderately severe anxiety
symptoms (CGI-Severity Scale score ě4) and not more than moderately severe bipolar symptoms
(CGI-Bipolar Version ď4) were required to be included in the study, whereas no specific measures of
panic symptomatology were used as inclusion/exclusion criteria. Patients were excluded if they had
current psychotic symptoms or lifetime psychotic disorders. Both the proportion of participants who
had current PD (n = 113) and some analyses in the subgroup of participants with PD were provided,
including a panic symptom measure (SPS scores). In the whole group, the mean baseline-to-endpoint
improvement was significantly greater for quetiapine XR compared to both divalproex XR and placebo
on the HAMA (Hamilton Anxiety Scale) and SPS (Sheehan Panic Scale) scores, while only a trend of
significance was found on the CGI-21 Anxiety Scale score. The effects of baseline depression severity
on the HAMA and SPS outcome scores was not evaluated, even though, of note, at the study endpoint,
the improvement on CGI-21 Anxiety Scale score in the quetiapine XR group was significantly higher
in patients with lower baseline depression severity than in those with higher baseline depression
severity. In the subgroup with current PD, a global model of repeated-measure ANOVA showed a
significant improvement in both HAMA and SPS scores at the end of the study. However, after post
hoc comparisons between the treatment groups, the authors reported a sole significant result, i.e., that
quetiapine XR was significantly (p < 0.05) superior to divalproex extended release XR in improving
HAMA and SPS scores, whereas they did not report any significant differences between quetiapine and
placebo. Additional analyses in the whole group showed significantly higher response rates (defined
as ě50% improvement on CGI-21 Anxiety Scale score or alternately as a ě50% reduction on HAMA
score at study endpoint) for those treated with quetiapine XR compared to divalproex XR (p < 0.01),
but not with placebo. Remission rate (defined as ě70% improvement on CGI-21 Anxiety Scale score at
study endpoint) was significantly higher for those treated with quetiapine XR compared to divalproex
XR (p < 0.02), but not with placebo, whereas remission rate defined as a ě70% reduction on HAMA
score at study endpoint did not differ significantly between the groups. Both active medications
were well tolerated. Only one participant in the quetiapine XR group and three in the divalproex XR
group withdrew due to medication-related AEs. Participants treated with quetiapine XR reported
significantly higher rates of dry mouth compared to both divalproex XR and placebo, while those
treated with quetiapine XR and divalproex XR reported greater weight gain compared to placebo.
Extrapyramidal symptoms did not differ significantly by the treatment group.
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Table 1. Randomized controlled trials with second-generation antipsychotics in panic disorder.

Authors, Year
[Reference] Study Design Duration Recruitment Participants Other Psychiatric Diagnoses

(Number of Participants)
Psychiatric Assessment

Instruments

Goddard et al.,
2015 [26]

Single-site, double-blind,
placebo-controlled, randomized,

quetiapine XR (flexible-dose)
coadministration trial

8 weeks

Mixed strategies (referrals from
local clinicians, flyers in the
university hospital, on-line

bulletins, ads in
local newspapers)

Patients with primary,
current PD with or without
AG, SSRI-/SNRI-resistant

In the ITT patients: GAD (n =
8), PTSD (n = 3), MDD (n = 8),

depression NOS (n = 2),
dysthymia (n = 1), ADD (n = 1),

bulimia (n = 1)

Mini-International
Neuropsychiatric Interview

(MINI Plus) for DSM-IV.
Qualification of

interviewer: not reported

Prosser et al.,
2009 [27]

Single-site, single
(i.e., rater)-blind,

medication-controlled, flexible
doses, randomized

8 weeks

Mixed strategies (recruitment
from inpatients psychiatric units,
a psychiatric outpatient service,
ads in local newspapers and an

Internet website)

Patients with PD, with or
without AG; patients with

MDD and PAs

None; patients with any other
current/lifetime Axis I

diagnosis were excluded

Unstructured psychiatric
clinical interview

conducted by experienced
psychiatrists, according to

DSM-IV criteria

Suppes et al.,
2014 [28]

Three-site, double-blind,
placebo-controlled, flexible

doses, randomized
8 weeks Outpatients

Patients with lifetime BD
(I/II/NOS) and with
lifetime PD, with or
without AG or GAD

Not reported

Structured Clinical
Interview for DSM-IV-TR
(SCID). Qualification of

interviewer: not reported

Sheehan et al.,
2009 [29]

Three-site, double-blind,
placebo-controlled, flexible

doses, randomized
8 weeks Outpatients recruited from three

University sites by ads

Patients with lifetime BD
(I/II/NOS) and with
lifetime PD, with or
without AG or GAD

Not reported

Mini-International
Neuropsychiatric Interview

(MINI Plus) for DSM-IV.
Qualification of

interviewer: not reported

Sheehan et al.,
2013 [30]

Three-site, double-blind,
placebo-controlled, flexible

doses, randomized
8 weeks Outpatients

Patients with lifetime BD
(I/II/not otherwise

specified) and with lifetime
PD, with or without AG

or GAD

Not reported

Mini-International
Neuropsychiatric Interview

(MINI Plus) for DSM-IV.
Qualification of

interviewer: not reported
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Table 1. Cont.

Authors, Year
[Reference]

Number of
Randomized Patients Treatments (n = Number of Participants) Daily Dose Range

(mg)
Mean Daily Dose (mg, (SD) or

Range)
Completer Population (n =

Number of Participants)

Goddard et al.,
2015 [26] 27

Adjunctive treatment to SSRI/SNRI stable dose (i.e., baseline
SSRI/SNRI doses were held constant throughout the 8-week

trial): quetiapine XR (n = 14), PLB (n = 13). No other
psychotropic medications were allowed during the study

(urine toxicology: yes)

Quetiapine XR
50–400 150 (106) n = 21 (78% of the randomized

group)

Prosser et al.,
2009 [27] 56

Monotherapy: risperidone (n = 33) or paroxetine
(standard-of-care) (n = 23). The observed randomization

distribution did not significantly deviate from the expected
distribution on a 1: 1 basis (i.e., 28 subjects per treatment

group). No other psychotropic medications were allowed
during the study (urine toxicology: no). Period of withdrawal

from previous medication: not reported

Risperidone:
0.125–16, paroxetine:

30–60

Risperidone: 0.53 (range
0.125–1.0), paroxetine: all

participants received 30 mg,
except one who received 40 mg

n = 29 (51.8% of the randomized
group). Risperidone: n = 20

(60.6%); paroxetine: n = 9 (39.1%)
(no significant difference in the
retention rate between the two

treatment groups)

Suppes et al.,
2014 [28] 49

Monotherapy: ziprasidone (n = 25, % female = 76, mean age
(SD) = 36.7 (17.7) years), PLB (n = 24, % female = 70.8, mean age

(SD) = 34.6 (12.2) years). Participants discontinued any
psychotropic medication for at least 1 week before baseline (if

fluoxetine or depot antipsychotics: for at least 4 weeks).
Adjunctive lorazepam (up to 2 mg die) allowed during the first

2 weeks of the study. Zolpidem/zaleplon for insomnia and
benztropine for EPs allowed throughout the study

Ziprasidone 40–160 146.7 (20.7)
n = 23 (46.9% of the randomized
group). Ziprasidone: n = 6 (24%);

PLB: n = 17 (70.8%) (p = 0.001)

Sheehan et al.,
2009 [29] 111

Monotherapy: risperidone (n = 54, % female = 66.7, mean age
(SD) = 35.1 (12.4) years, participants with lifetime PD: n = 45,

83.3%), PLB (n = 57, % female = 61.4; mean age (SD) = 38.4
(12.8) years, participants with lifetime PD: n = 35, 61.4%).

Participants discontinued any psychotropic medication for at
least 1 week before baseline (if fluoxetine or depot

antipsychotics: for at least 4 weeks). Adjunctive lorazepam
allowed during the first 1 week (up to 2 mg die) and the second

week (up to 1 mg die) of the study. Zolpidem/zaleplon for
insomnia allowed throughout the study

Risperidone 0.5–4 2.5 (1.1)
n = 63 (56.7% of the randomized

group). Risperidone: n = 27
(50%); PLB: n = 36 (63%)

Sheehan et al.,
2013 [30] 149

Monotherapy: quetiapine XR (n = 49, % female = 57.1, mean
age (SD) = 41.4 (12.1) years, participants with current PD:

n = 37), divalproex XR (n = 49, % female = 55.1%, mean age
(SD) = 37.5 (12.0) years, participants with current PD: n = 37),

PLB (n = 51, % female = 64.7; mean age (SD)= 37.6 (11.6) years,
participants with current PD: n = 39). Participants discontinued
any psychotropic medication for at least 1 week before baseline

(if fluoxetine or depot antipsychotics: for at least 4 weeks).
Adjunctive lorazepam allowed during the first 1 week (up to
2 mg die) and the second week (up to 1 mg die) of the study.

Zolpidem/zaleplon for insomnia allowed throughout the study

Quetiapine XR
50–300, divalproex

XR 500–3000

Quetiapine XR: 186.4 (100.3),
divalproex XR: 1991 (866)

n = 108 (72.5% of the randomized
group). Quetiapine XR: n = 38

(77.5%); divalproex XR:
n = 35 (71.4%); PLB: n = 35

(68.6%)
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Table 1. Cont.

Authors, Year
[Reference] ITT Population (n = Number of Participants)

Significant Baseline Differences in
Socio-Demographic/Clinical Characteristic

between Treatment Groups
Main Outcome Measures and Results

Goddard et al.,
2015 [26]

n = 26 (quetiapine XR, n = 13, % female = 77; mean
age (SD) = 35.5 (9.6) years; PLB, n = 13, % female =

62, mean age (SD) = 35.5 (16.8) years). LOCF
imputation was used for participants who

withdrew prematurely

None

PDSS total scores; PDSS Item 1 (panic attack frequency) score;
rates of responders (i.e., ě50% improvement from baseline

PDSS total score); rate of remitters (i.e., PDSS total score ď4) at
endpoint. Both in the ITT and completer populations:

significant improvement in panic symptoms over the trial
(main effect of time, p < 0.0001), but no significant

drug/PLB differences.

Prosser et al.,
2009 [27]

n = 56 (risperidone, n = 33, % female = 76; mean
age (SD) = 38.8 (9.7) years, PD diagnosis n = 24

(73%); paroxetine, n = 23, % female = 65, mean age
(SD) = 42.6 (14.3) years, PD diagnosis n = 19 (83%).
LOCF imputation was used for participants who

withdrew prematurely

Significantly higher HAM-D scores in the paroxetine
group than risperidone group (p = 0.049)

CGI, HAMA, HAMD scores, PDSS total scores, PDSS Items 1
(panic attack frequency) and 2 (panic attack severity) scores,

SPAS-P score. In the ITT population: significant improvement
in all of the outcome measures over the trial, except for SPAS-P

score. No significant differences between risperidone and
paroxetine. Baseline HAMD scores significantly correlated with
both baseline and midpoint/endpoint outcome HAMA scores
and with midpoint outcome PDSS total scores. No analyses in
completer population. No analyses in the subgroup with PD.

Suppes et al.,
2014 [28]

n = 46 (ziprasidone, n = 23; PLB, n = 23). LOCF
imputation was used for participants who

withdrew prematurely

Significantly higher SSTS scores in the ziprasidone
group than PLB group (p = 0.037)

CGI-21 Anxiety, SDS scores. In the ITT population: significant
improvement in both measures over the trial, but no significant

differences between ziprasidone and PLB. No analyses in
completer population. No analyses in the subgroup with PD.

Sheehan et al.,
2009 [29]

n = 102 (risperidone, n = 49; PLB, n = 53). LOCF
imputation was used for participants who

withdrew prematurely

Significantly higher rate of participants with a mixed
mood state (59% vs. 40%, p < 0.05) and lifetime PD
(83.3% vs. 61.4%, p < 0.01) in the risperidone group

than the PLB group

CGI-21 Anxiety score. No difference in improvement between
risperidone and PLB. Over the trial, the improvement was

similar for patients with and without PD. Within the subgroup
with PD, the PLB group showed a trend towards greater

improvement (p < 0.07). No analyses in the
completer population.

Sheehan et al.,
2013 [30]

n = 144 (quetiapine XR n = 47, divalproex XR n =
46; PLB, n = 51). LOCF imputation was used for

participants who withdrew prematurely
None

CGI-21 Anxiety score. The quetiapine XR group had a
numerically higher improvement compared to divalproex XR
and PLB, but it did not reach statistical significance (p < 0.07).

No analyses in the completer population were available.
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Table 1. Cont.

Authors, Year
[Reference] Secondary Outcome Measures and Other Results Side Effects/Tolerability Funding

Goddard et al.,
2015 [26]

CGI-S, CGI-I, HAMA, HAMD, PSQI scores: significant improvement over the
trial (p < 0.0001; PSQI (sleep quality item) p < 0.05), but no significant

drug/PLB differences.

Three patients in the quetiapine XR group discontinued early due to
medication-related SEs (sedation, n = 1; derealization, n = 2). No significant

difference in SEs emerged between quetiapine XR and PLB, including
sedation/somnolence, extrapyramidal SEs and akathisia (BARS, SAS), weight

gain and blood glucose levels.

AstraZeneca

Prosser et al.,
2009 [27]

Preliminary evidence of significantly faster decrease of HAMA and HAMD in
the risperidone group than the paroxetine group (t-tests, without corrections for

multiple comparisons).

No significant difference between the two groups in the number of
participants who discontinued early due to intolerable (unspecified) SEs (n = 2

in the risperidone group; n = 1 in the paroxetine group). The reason for
attrition was not collected for 7 participants who discontinued early. No other

information available on SEs.

Partial support by a grant
from New York State

Empire Clinical Research
Investigation Award

Suppes et al.,
2014 [28]

PGI-21, HAMA, SPS, CGI-BP, YMRS, MADRS, SSTS, SIS scores. No significant
differences between ziprasidone and PLB.

Compared to PLB, a significantly higher number of participants in the
ziprasidone group withdrew from the study due to AEs/SEs (n = 9 and 2,
respectively, p = 0.02). The ziprasidone group reported significantly more

sleep disturbance (p = 0.040), sedation/somnolence (p = 0.049), weight gain (p
= 0.035) and higher increase of the AIMS scores (p = 0.003) than PLB. No

difference in akathisia (BARS) was found between the two groups.

Pfizer

Sheehan et al.,
2009 [29]

SPS, HAMA, PG-21 Anxiety, YMRS, IDS, CGIBP, SDS scores. No difference
between risperidone and PLB in improvement on all outcome measures. Over
the trial, improvement of the HAMA score was similar for patients with and
without PD. Within the subgroup with PD, the PLB group had a significantly

lower mean endpoint HAMA score than the risperidone group (p < 0.007), but
no analyses on the specific panic symptom scale (SPS) were available.

One participant in the risperidone group and one in the PLB group
discontinued early due to treatment-related adverse events (risperidone: one

episode of heightened anxiety and anger; PLB: multiple symptoms).
Drowsiness was the only side effect that was two times more frequent in the
risperidone group than the PLB group. Extrapyramidal symptoms (BARS,

SAS, AIMS) did not significantly differ between the two groups. Weight gain
was numerically higher in the risperidone group, but without

statistical significance.

Janssen Pharmaceutica

Sheehan et al.,
2013 [30]

HAMA, SPS, PGI-21 Anxiety, YMRS, MADRS, CGIBP, SIS, RISC, SSTS, SDS
scores. The quetiapine XR group had a significantly greater improvement on

HAMA and SPS compared to both divalproex XR and PLB groups (p < 0.05). No
significant differences between groups were found on PGI-21 Anxiety, YMRS,

SSTS, SIS and RISC scores. The quetiapine XR group had a significantly greater
improvement on the MADRS score compared to both divalproex and PLB

groups (p < 0.05) and on the SDS and CGIBP depression scores compared to
divalproex XR (p < 0.05 and p < 0.04, respectively). In the subgroup with current
PD (n = 113), the quetiapine XR group had a significantly greater improvement

on HAMA and SPS compared to the divalproex XR group (p < 0.05).

One participant in the quetiapine XR group, 3 in the divalproex XR group and
one in the PLB group discontinued early due to treatment-related adverse
events. The most common SEs in the three groups were: drowsiness, dry

mouth, nausea, tingling, increased appetite, sedation, headache. Participants
in quetiapine XR reported significantly higher rates of dry mouth compared to

both divalproex XR and PLB (p < 0.006). Participants in quetiapine XR and
divalproex XR reported greater weight gain compared to PLB (p < 0.001, p <
0.03, respectively). Extrapyramidal symptoms (BARS, SAS, AIMS) did not

significantly differ by treatment group.

AstraZeneca

ADD = attention deficit disorder; AE(s) = adverse event(s); AG = agoraphobia; AIMS = abnormal involuntary movement scale; AnxDs = anxiety disorders; BARS = Barnes Akathisia
Rating Scale; BD = bipolar disorder; CGI = Clinical Global Impression Scale; CGI-21 = Clinical Global Impression-21 Items; CGI-BP = Clinical Global Impression-Bipolar; CGI-I = Clinical
Global Impression-Improvement Scale; CGI-S = Clinical Global Impression-Severity Scale; EPs = extrapyramidal symptoms; GAD = generalized anxiety disorder; HAMA = Hamilton
Anxiety Rating Scale; HAMD = Hamilton Depression Rating Scale; IDS = Inventory of Depressive Symptoms; ITT = intention-to-treat (defined as all participants who received
at least 1 dose of study medication and had at least 1 post-baseline assessment); LOCF = last observation carried forward; MADRS = Montgomery–Asberg Depression Rating
Scale; MDD = major depressive disorder; NOS = not otherwise specified; PAs = panic attacks; PD = panic disorder; PDSS = panic disorder severity scale; PGI-21 = Patient Global
Impression of Change-21 Items; PSQI = Pittsburgh Sleep Quality Index; PLB = placebo; PTSD = post-traumatic stress disorder; RISC = rapid ideas scale; SAS = Simpson–Angus Scale;
SD = standard deviation; SDS = Sheehan Disability Scale; SEs = side effects; SIS = Sheehan Irritability Score; SNRIs = serotonin norepinephrine reuptake inhibitors; SPAS-P = Sheehan
Panic Anxiety Scale-Patient (self-reported); SPS = Sheehan Panic Scale; SSRIs = selective serotonin reuptake inhibitors; SSTS = Sheehan Suicide Tracking Score; XR = extended release;
YMRS = young mania rating scale.
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Table 2. Risk of bias in individual studies.

Authors, Year

Selection Bias Performance Bias Detection Bias Attrition Bias Reporting Bias

Random
Sequence

Generation
Allocation Concealment Blinding of Participants Blinding of

Personnel

Blinding of
Outcome
Assessors

Incomplete
Outcome Data

Selective
Reporting

Goddard et al.,
2015 [26]

U
Participants were

randomized
sequentially.

L
Pharmacy-controlled

randomization;
identical-appearing

PLB/quetiapine tablets;
coordinator (not involved in
patients ratings) managed

the medication bottles.

L L L L L

Prosser et al.,
2009 [27]

L
Computer number
random generator

(SPSS 12.0.1).

U H Participants not
blinded. U U H

High attrition rate. L

Suppes et al.,
2014 [28]

U
Randomized block

design.
U

U
Blinded guess of

treatment performed.
Participants were accurate
71.4% of the time; those in

the PLB group and the
ziprasidone group were
accurate 100% and 66.7%
of the time, respectively.

U
Blinded guess of

treatment performed.
Treating clinicians

were accurate 47.6% of
the time; within the
ziprasidone group:
66.7% of the time.

U
Blinded guess of

treatment
performed. Raters

were accurate
42.3% of the time.

H
High attrition rate;

significant difference
in the retention rate

between the two
treatment groups.

L

Sheehan et al.,
2009 [29]

U
Not reported. U U U U H

High attrition rate. L

Sheehan et al.,
2013 [30]

U
Not reported.

L
Study medications were

encapsulated using a
double-dummy design.

L U U L L
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Table 2. Cont.

Authors, Year
Sampling Bias Other Bias

Recruitment
Strategies Inclusion/Exclusion Criteria Power Calculation Adjunctive Medication Adjunctive Bias

Goddard et al.,
2015 [26]

H
Mixed

recruitment
strategies

H
Mixed criteria to define
SSRI/SNRI resistance
(inclusion criterion).

Power calculation performed. Study
powered to detect large effect sizes.

H for small-to-moderate effects.

L
Not permitted; urine toxicology

performed to detect surreptitious
use of benzodiazepines.

Prosser et al.,
2009 [27]

H
Mixed

recruitment
strategies

H
Sample with mixed diagnoses

(no separate analyses in the PD
subgroup). Lack of specific

panic symptom measures as
inclusion criteria.

U
No power calculation reported.

U
Not permitted; urine toxicology

not declared.

U
for previous medications: period of

withdrawal not reported. H for
medication initiation: no titration in

one of the two treatment groups
(paroxetine); H for baseline imbalance:
higher baseline depression severity in

one of the two groups (paroxetine),
related to outcome measures.

Suppes et al.,
2014 [28] U

H
Sample with mixed diagnoses

(no separate analyses in the PD
subgroup). Lack of specific

panic symptom measures as
inclusion criteria.

Power calculation performed. Study
powered to detect large effect sizes. H

for small-to-moderate effects.

L
Some adjunctive medications
permitted. No differences in

adjunctive medication
distribution between the two

treatment groups.

Sheehan et al.,
2009 [29] L

H
Sample with mixed diagnoses
(no separate analyses on panic
symptoms in the PD subgroup).
Lack of specific panic symptom
measures as inclusion criteria.

U
No power calculation reported.

L
Some adjunctive medications

permitted. No significant
influence on the results was

found.

H
for baseline imbalance: higher rate of
participants with mixed mood state

and with PD in one of the two groups
(risperidone).

Sheehan et al.,
2013 [30] U

H
Lack of specific panic symptom
measures as inclusion criteria.

U
No power calculation reported.

L
Some adjunctive medications
permitted. No differences in

adjunctive medication
distribution between groups.

L = low risk of bias; H = high risk of bias; U = unclear: insufficient information to permit judgment of low or high risk (for instance, the generation process of a randomized sequence
was not specified); PD = panic disorder; PLB = placebo; SNRI = selective-norepinephrine reuptake inhibitor; SSRI = selective-serotonin reuptake inhibitor.
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Risk of Bias in Individual Studies

Table 2 provides a summary of the possible risks of bias across all of the reviewed studies. In terms
of selection bias, only one study presented a low risk of bias in random sequence generation, while in
the other four studies, insufficient information about a random component in the sequence generation
did not permit a judgment (unclear risk). A low risk of allocation concealment was found in two
studies, while in the other three studies, the risk was unclear. In terms of performance and detection
bias, two studies were at low risk in the blinding of participants, one was at high risk (single-blind
design: participants not blinded), while in the other two studies, the risk was unclear; only one study
was at low risk in both blinding of personnel and blinding of outcome assessors, while in all of the
other studies, the risk was unclear in both of these domains. In terms of attrition bias, two studies
were at low risk and three were at high risk. In terms of reporting bias, all of the studies were at low
risk. In terms of sampling bias, two studies were at high risk in recruitment strategies; one was at low
risk; and in the other two studies, the risk was unclear; while all of the studies were at high risk in the
inclusion criteria. In terms of other biases, two studies were at high risk in detecting small-to-moderate
effect sizes, while in the other three studies, the risk in the power calculation domain was unclear; four
studies were at low risk for bias in the domain of adjunctive medications, while in the other one, the
risk was unclear. Finally, two studies were at high risk for some adjunctive biases.

3. Discussion

Based on the PRISMA guidelines [25], we provided a systematic review of the RCTs investigating
the efficacy and tolerability of SGAs (as either monotherapy or augmentation) in the treatment of PD,
with or without other comorbid psychiatric disorders. A very limited number of studies were available;
all were short term-trials (eight weeks) and involved treatments with quetiapine XR, risperidone and
ziprasidone. Among the five studies included, two involved patients with a principal diagnosis of
PD, while the other three studies involved patients with BD with co-occurring PD or GAD. Overall,
a general lack of efficacy of SGAs on panic symptoms was observed. Some preliminary indications
of the antipanic effectiveness of risperidone are insufficient to support its use in PD, primarily due
to major limitations of the study. However, several methodological limitations, with the related risks
of bias, may have negatively affected all of these studies, decreasing the validity of the results and
making it difficult to draw reliable conclusions. In the short time frame of these RCTs, SGAs were well
tolerated, except for ziprasidone.

3.1. Efficacy in Patients with a Principal Diagnosis of PD

The quetiapine XR augmentation strategy was not different from placebo in improving either
specific panic symptoms or general anxiety symptoms in a sample of SSRI-/SNRI-resistant patients
with PD and with other comorbid psychiatric conditions [26]. The sample size was very small
and powered to detect large effect sizes, while it was underpowered to detect small-to-moderate
effects. The primary limitation of this study was the mixed and unstandardized method of defining
SSRI/SNRI resistance. This led to a highly heterogeneous sample that included patients taking
multiple medications at different doses and for different time frames, some of whom have been
selected with prospective assessment and psychometric tools specific for panic symptoms, while
others with historical assessment and psychiatrist’s clinical impression of improvement. This may
have exerted confounding effects on the results. For instance, in some patients, SSRI/SNRI treatment
could not have still expressed its antipanic effects at the beginning of the study, while it may have
expressed them during the augmentation trial, masking the possible differences between quetiapine
and placebo. Furthermore, the high variety of psychiatric comorbidities may have influenced the
treatment outcome. Thus, these negative results about large treatment effects of quetiapine XR
in SSRI-/SNRI-resistant patients with PD need to be confirmed by employing a more rigorous
definition for treatment resistance and inclusion/exclusion criteria. It should be noted that, despite a
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considerable rate of patients with PD who do not achieve full remission with the recommended drugs
and some open studies that suggested the efficacy of SGAs as monotherapy or augmentation strategy
in treatment-resistant PD [5,24], we found only one RCT on this topic. This may be partly related to
the lack of consensus about criteria for defining treatment resistance in PD [5] and to the existence of
several pharmacological/nonpharmacological options for this disorder.

Low-dose risperidone as monotherapy showed similar efficacy to that of paroxetine in improving
both panic symptoms and general anxiety/depressive symptoms in a mixed sample of patients with PD
(without other psychiatric comorbidities) and patients with MDD and PAs [27]. However, the reliability
of these positive effects of risperidone was negatively affected by several risks of bias. MDD diagnosis
in approximately 23% of the patients may have influenced the results, and no separate analyses in the
subgroup with PD were available. The unbalanced severity of baseline depressive symptoms (higher
in the paroxetine group) and its positive correlation with baseline/outcome measures of general
anxiety and panic symptoms do not allow an understanding of whether the anxiolytic/antipanic
effects of risperidone were secondary to the decrease of depression severity. No gradual titration
has been used for paroxetine, contrary to the current guidelines that recommend very low starting
doses in patients with PD, who are particularly sensitive to SEs and SSRI-induced anxiety/panic
symptoms at the beginning of treatment [31]. This may have contributed to the very low rate of
completers in the paroxetine group and may have elicited a paroxetine-induced increase of symptoms,
thus affecting the outcome measures and masking the possible differences between the two treatment
groups. In addition, no information about withdrawal from previous medications was reported.
The attrition rate was high (about half of the sample), and no power calculation was provided, thus
decreasing the validity of the results. Finally, the heterogeneity of the sample may have influenced
the results. Indeed, it cannot be excluded that Pas in patients with MDD and full-blown PD may be
related to different mechanisms, with a possible different response to treatments. Our team found
that subjects with Pas, who did not meet the criteria for PD, showed a behavioral hypersensitivity to
35% CO2 inhalation, similar to patients with PD [32]; however, on the other hand, the development of
sporadic Pas did not seem to share a common genetic vulnerability with PD [33], thus making unclear
if sporadic Pas and PD belong to the same spectrum of vulnerability.

In conclusion, an augmentation treatment with quetiapine XR did not show efficacy in
SSRI-/SNRI-resistant patients with a principal diagnosis of PD, although confirmations are required,
while there is insufficient evidence to recommend the use of risperidone as monotherapy in PD.

3.2. Efficacy in Patients with BD with Co-Occurring PD

Compared to placebo, ziprasidone as monotherapy was not associated with significant
improvement of either general anxiety or panic symptoms in a mixed sample of patients with BD,
with co-occurring PD or GAD, powered to detect large effect sizes [28]. Several limitations negatively
affect the reliability of these results, primarily the high attrition rate (almost half of the sample), the
significantly higher proportion of ziprasidone-treated patients who withdrew from the study due
to AEs/SEs and the heterogeneity of the sample. Since there is evidence of qualitative differences
and diverse pathogenetic mechanisms between PD and GAD [34], these two disorders may have
different pharmacological responses. A heterogeneous sample, without separate analyses in the
subgroup with comorbid PD, did not allow appraising specific antipanic properties of ziprasidone.
However, the significantly more negative SE profile of ziprasidone, compared to that of placebo,
discourages subsequent studies to test its antipanic efficacy. Likewise, in a similar sample, risperidone
as monotherapy, compared to placebo, was not associated with significant improvement of either
general anxiety or panic symptoms [29], while in the subgroup with comorbid PD, placebo showed
better anxiolytic properties than risperidone. The lack of power calculation, the high attrition rate,
the unbalanced baseline features of the two groups (higher proportion of participants with mixed
mood state and with PD in the risperidone group) and the lack of analyses on specific panic symptom
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measures in the subgroup with comorbid PD make it difficult to draw reliable conclusions about the
antipanic properties of risperidone in this population.

In a similar sample [30], quetiapine XR as monotherapy showed, in the subgroup with comorbid
PD, significantly higher efficacy in improving both general anxiety and panic symptoms when
compared to the mood stabilizer divalproex XR. However, because the authors did not report any
significant comparison between quetiapine XR and placebo, we interpreted this as a lack of differences
between quetiapine XR and placebo in improving symptoms in this subgroup of patients. Since in the
whole group, higher baseline depression severity was associated with higher general anxiety severity
at the endpoint, a possible influence of baseline depression severity on the outcomes in the comorbid
PD subgroup cannot be excluded and should have been investigated. Finally, a power calculation
should have been provided.

In conclusion, neither ziprasidone, risperidone nor quetiapine XR as monotherapy seemed to
show higher efficacy than placebo in improving panic symptoms in patients with BD with comorbid
PD, while quetiapine XR displayed higher efficacy than divalproex XR in improving both panic and
general anxiety symptoms in this population. However, several methodological deficiencies of these
RCTs have compromised the reliability of their results.

3.3. Tolerability

Risperidone and quetiapine XR were generally well tolerated in these short time frame RCTs,
whereas ziprasidone showed an unfavorable SE profile. In only one study, quetiapine XR induced
greater weight gain than placebo, even after eight weeks [30]. However, in a longer time frame, the
risk of metabolic dysregulation, including insulin resistance, dyslipidemia and hyperglycemia, as well
as weight gain and tardive dyskinesia has been reported, suggesting caution in their use and a close
monitoring of SEs [35,36]. In PD, recent indications have suggested to continue the recommended
pharmacotherapy for at least 6–12 months after the acute response and even longer than 12 months if
the disorder is recurrent or particularly severe [21,31,37,38]. The need for long-term treatment in PD
casts doubt on the risk-to-benefit ratio of using SGAs in PD, when compared to the existing treatments
for this disorder, especially in patients with a principal or sole diagnosis of PD.

3.4. Limitations and Future Research

Our review of the few RCTs investigating the antipanic effects of SGAs did not provide reliable
support for the use of quetiapine XR, risperidone or ziprasidone in patients with a principal diagnosis
of PD or in patients with BD with comorbid PD, although the global methodological weakness of
the studies limits the inferences and interpretations that can be made from these results. These
conclusions cannot rule out that better designed RCTs may find more favorable results or that other
SGAs, with different pharmacological profiles and receptor selectivity, may have an antipanic efficacy.
The antipanic properties of SGAs may be especially worthy of being investigated in some challenging
clinical conditions, such as in patients with PD resistant to multiple recommended treatments or,
primarily, in patients with BD with comorbid PD, whose treatment represents a therapeutic challenge.
PD is highly prevalent in patients with BD (the lifetime rate is about 30%) [39], and there is evidence that
BD with comorbid PD may represents a distinct phenotype, with unique genetic vulnerability [40,41].
Comorbid panic is associated with higher severity of BD, including increased risk of suicide [42],
higher frequency/severity of depressive episodes [43], longer time to remission [44], poorer responses
to antidepressants [45] and more severe medication-related SEs [44]. Since the antidepressant drugs
recommended for panic may induce mania and rapid cycling in patients with BD [46], it could be
meaningful to further investigate the potential antipanic effectiveness of SGAs in this peculiar population
with BD and comorbid PD, considering that SGAs are already used and recommended in BD [47].

To date, no definite conclusions can be drawn; future research should consider and overcome
the methodological weakness of the available studies. Beyond the limitations discussed above, other
relevant issues need consideration. None among the reviewed RCTs used panic symptom severity as



Int. J. Mol. Sci. 2016, 17, 551 14 of 20

the inclusion criterion, whereas only measures of general anxiety or clinical global impression were
employed, with a high risk of sampling bias. Anxiety symptoms are also present in PD, but they are
considered qualitatively distinct from PAs and related to different biological mechanisms [13,14,48,49].
Thus, to draw conclusions about the antipanic efficacy of SGAs, it is mandatory that future
studies also incorporate specific pretreatment panic measures. Similarly, outcome measures should
include psychometric tools that could assess separately unexpected/expected PAs, anticipatory
anxiety and phobic avoidance. This allows disentangling potential medication effects on different
clinical phenomena of PD, which may be masked by the use of total panic-phobic symptom scores.
For instance, since preclinical studies showed effects of SGAs on fear conditioning processes [8–10],
these compounds may exert some therapeutic effects on the conditioned anxiety and phobic behaviors
of patients with PD [11–13]. To date, no preclinical or clinical studies tested the ability of SGAs to block
CO2- or sodium lactate-induced PAs, the core symptom of PD, although panic can be reliably provoked
in the laboratory by validated methods (e.g., CO2 inhalation or sodium lactate infusion). Since
hypersensitivity to CO2/sodium lactate is considered a biomarker of vulnerability to PAs, incorporating
these procedures in preclinical/clinical studies may help to understand if SGAs may be really
effective on PAs. To date, a biomarker/endophenotype-based approach has been scantily employed in
pharmacological studies on PD, although it may help to reduce the variability within the nosographic
diagnosis and the heterogeneity, both in samples and in results. Hypersensitivity to hypercapnia is
considered an endophenotype of panic and is associated with respiratory symptoms, higher frequency of
PAs and familiarity for PD and is related to genetic factors, probably characterizing a respiratory-panic
subtype. Patients with PD have shown several abnormalities in their respiratory/autonomic/balance
system functions, which may lead to different clinical symptoms and outcomes [3,7]. Endophenotypes or
patterns of neurobiological functions/clinical features in pharmacological studies may offer advantages
in selecting truly homogeneous patients, identifying more appropriate targets and outcomes and testing
the effectiveness of compounds on specific symptoms and functions. In the age of personalized medicine
aimed to tailor medications in order to maximize therapeutic effectiveness and minimize SEs according
to each patient’s unique characteristics, it is necessary to re-think RCTs. They usually concern the
“average” patient, who often does not correspond to real-life patients with their peculiar features. Future
pharmacological studies should identify evidence-based predictors of treatment response and tolerability,
to select those patients who may mostly benefit from a specific treatment. Personalized treatments
may be carried out with predictive tools [50] to identify those variables influencing the heterogeneity of
treatment response/tolerability, such as gender, familiarity, clinical features, comorbidity, neurobiological
functions, biomarkers and genetic/pharmacogenetic characteristics, and to select for each patient the
most proper medications for effectiveness, tolerability and length of treatment [51,52]. The less use of
this approach may also partly explain why some patients with PD do not seem to respond adequately
to recommended pharmacotherapy. Only limited investigations have found that allelic variations of
serotonergic system genes may influence the short-term outcomes of SSRI treatment in PD [52], and
the decrease of hypersensitivity to hypercapnia after the first week of treatment with TCAs or SSRIs
was a significant predictor of good clinical outcome after one month [53]. The development and the
wide application of predictive tools could increase the rate of responders to the available recommended
treatments for PD. Furthermore, this approach is mandatory for non-recommended treatments with a
potentially unfavorable SE profile, such as SGAs, whose use needs a careful assessment of risks/benefits.
In the realm of PD, for which several pharmacological/nonpharmacological options exist and whose
outcome may be improved by the personalized medicine strategy, future studies on SGAs should
demonstrate reliably whether and for what peculiar patient with PD their use has a favorable cost-benefit
ratio. Our review has shown that, to date, no sufficient evidence supports their usefulness in this disorder.

4. Materials and Methods

This systematic review was performed according to the PRISMA guidelines [25]. The protocol
for this review has not been previously registered, and the search strategy has not underwent any
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peer reviews. A database search of scientific literature, written in English, on RCTs until 31 December
2015 was performed through PubMed, PsycINFO, Embase, Cochrane Library and Clinical Trials.gov.
The following search terms were used: (“panic” AND ((atypical antipsychotic *) OR (second generation
antipsychotic *) OR (dopamine receptor antagonist *) OR (neuroleptic *) OR (major tranquilizer *)
OR (serotonin-dopamine antagonist *) OR “quetiapine” OR “ziprasidone” OR “risperidone” OR
“olanzapine” OR “clozapine” OR “aripiprazole” OR “amisulpride” OR “asenapine” OR “paliperidone”
OR “sulpiride” OR “sertindole” OR “zotepine” OR “iloperidone” OR “lurasidone” OR “melperone”
OR “blonanserin”)) AND (random * OR RCT). We used asterisks (*) in order to search for multiple
characters after a search string. We also used the reference lists of relevant studies and pertinent
review articles to gain access to additional literature. Among 223 records identified in the search, five
studies were included in the review (Figure 1, PRISMA flow diagram). The population, interventions,
comparators, outcomes and study design approach (PICOS) [25] was followed to determine the
eligibility criteria of the studies for this systematic review. Studies were included in the review if they
had included participants who were ě18 years of age, with a diagnosis of PD identified through a
structured, clinician-administered interview conducted according to the Diagnostic and Statistical
Manual of Mental Disorders criteria, Third Edition (DSM-III/DSM-III-R) [54,55], Fourth Edition
(DSM-IV/DSM-IV-TR) [56,57], or to the International Classification of Diseases criteria, Ninth Edition
(ICD-9/ICD-9-CM) [58,59] and Tenth Edition (ICD-10) [60], or through clinical unstructured interviews,
but only if the diagnosis was in accordance with the diagnostic criteria listed above; pharmacological
interventions with SGAs, as either monotherapy or augmentation of existing pharmacological
treatments; comparators including placebo and/or active comparators; validated self-reported and/or
clinician-administered psychometric scales as efficacy outcome measures; safety assessment; if they
had a randomized (double- or single-blind) controlled design; if full texts were available; and if, for
studies on Clinical Trials.gov, the RCTs have not been published yet as full articles and all of the details
were available to satisfy the PICOS’ items.

The PRISMA flow diagram (Figure 1) provides detailed information regarding the selection
process of the studies. Each step of the search and selection procedures was performed independently
by two authors, and inconsistency in the results was discussed and resolved before proceeding.

An assessment of the risk of bias across all of the reviewed studies was conducted using the
Cochrane Collaboration tool [25,61]. The following domains have been considered: (i) selection
bias, including biases due to inadequate random sequence generation and inadequate allocation
concealment; (ii) performance bias, including biases in the blinding of participants and blinding of
personnel; (iii) detection bias, referring to bias in the blinding of outcome assessors; (iv) attrition
bias, referring to biases due to the amount/nature/handling of incomplete outcome data; and (v)
reporting bias, due to selective outcome reporting and/or not reporting relevant outcomes that would
have been expected to be reported. In addition, other sources of bias relevant to the aim of this
review were considered: (i) sampling bias, including biases resulting from recruitment strategies and
inclusion/exclusion criteria used; and (ii) other bias, including biases resulting from power calculation
and adjunctive medications or adjunctive bias, i.e., other particular biases. Review authors’ judgments
were categorized as “low risk” of bias, “high risk” of bias or “unclear risk” of bias (i.e., when insufficient
information did not permit a judgment of “low risk” or “high risk”). The assessment of risk of bias was
performed independently by two authors, and inconsistency in the results was discussed and resolved.

5. Conclusions

Our systematic review of the few RCTs investigating the antipanic effects of SGAs has shown that,
till date, no sufficient evidence supports the use of quetiapine XR, risperidone, or ziprasidone either
in patients with a principal diagnosis of PD or in patients with BD with comorbid PD. Risperidone
and quetiapine XR were generally well tolerated in these short time frame RCTs, whereas ziprasidone
showed an unfavorable side effect profile. However, the global methodological weakness of the studies
limits the inferences and interpretations that can be made from these results.



Int. J. Mol. Sci. 2016, 17, 551 16 of 20
Int. J. Mol. Sci. 2016, 17, 551 18 of 21 

 

 
Figure 1. PRISMA flow diagram of study selection process. 

 

Figure 1. PRISMA flow diagram of study selection process.



Int. J. Mol. Sci. 2016, 17, 551 17 of 20

Acknowledgments: The authors would like to thank Alice Riva MSc for her support in the literature search and
Enago (www.enago.com) for the English language review.

Author Contributions: Giampaolo Perna, Cavedini Paolo, Balletta Raffaele and Mingotto Elisa undertook the
selection process of the scientific literature. All authors participated to the critical revision of the selected
papers. Giampaolo Perna, Caldirola Daniela and Alciati Alessandra wrote the preliminary draft, which was
revised by Diaferia Giuseppina, Cavedini Paolo and Nobile Maria. All authors contributed to and approved the
final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kessler, R.C.; Petukhova, M.; Sampson, N.A.; Zaslavsky, A.M.; Wittchen, H.U. Twelve-month and lifetime
prevalence and lifetime morbid risk of anxiety and mood disorders in the United States. Int. J. Methods
Psychiatr. Res. 2012, 21, 169–184. [CrossRef] [PubMed]

2. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American
Psychiatric Association: Arlington, VA, USA, 2013.

3. Perna, G.; Guerriero, G.; Caldirola, D. Emerging drugs for panic disorder. Expert Opin. Emerg. Drugs 2011,
16, 631–645. [CrossRef] [PubMed]

4. Baldwin, D.S.; Anderson, I.M.; Nutt, D.J.; Allgulander, C.; Bandelow, B.; den Boer, J.A.; Christmas, D.M.;
Davies, S.; Fineberg, N.; Lidbetter, N.; et al. Evidence-based pharmacological treatment of anxiety disorders,
post-traumatic stress disorder and obsessive-compulsive disorder: A revision of the 2005 guidelines from
the British Association for Psychopharmacology. J. Psychopharmacol. 2014, 28, 403–439. [CrossRef] [PubMed]

5. Freire, R.C.; Zugliani, M.M.; Garcia, R.F.; Nardi, A.E. Treatment-resistant panic disorder: A systematic review.
Expert Opin. Pharmacother. 2015, 17, 1–10. [CrossRef] [PubMed]

6. Van Apeldoorn, F.J.; van Hout, W.J.; Mersch, P.P.; Huisman, M.; Slaap, B.R.; Hale, W.W., 3rd; Visser, S.;
van Dyck, R.; den Boer, J.A. Is a combined therapy more effective than either CBT or SSRI alone? Results of a
multicenter trial on panic disorder with or without agoraphobia. Acta Psychiatr. Scand. 2008, 117, 260–270.
[CrossRef] [PubMed]

7. Perna, G.; Schruers, K.; Alciati, A.; Caldirola, D. Novel investigational therapeutics for panic disorder.
Expert Opin. Investig. Drugs 2015, 24, 491–505. [CrossRef] [PubMed]

8. Sun, T.; He, W.; Hu, G.; Li, M. Anxiolytic-like property of risperidone and olanzapine as examined in multiple
measures of fear in rats. Pharmacol. Biochem. Behav. 2010, 95, 298–307. [CrossRef] [PubMed]

9. Mead, A.; Li, M.; Kapur, S. Clozapine and olanzapine exhibit an intrinsic anxiolytic property in two
conditioned fear paradigms: Contrast with haloperidol and chlordiazepoxide. Pharmacol. Biochem. Behav.
2008, 90, 551–562. [CrossRef] [PubMed]

10. Inoue, T.; Tsuchiya, K.; Koyama, T. Effects of typical and atypical antipsychotic drugs on freezing behavior
induced by conditioned fear. Pharmacol. Biochem. Behav. 1996, 55, 195–201. [CrossRef]

11. Lissek, S.; Rabin, S.J.; McDowell, D.J.; Dvir, S.; Bradford, D.E.; Geraci, M.; Pine, D.S.; Grillon, C. Impaired
discriminative fear-conditioning resulting from elevated fear responding to learned safety cues among
individuals with panic disorder. Behav. Res. Ther. 2009, 47, 111–118. [CrossRef] [PubMed]

12. Lissek, S.; Rabin, S.; Heller, R.E.; Lukenbaugh, D.; Geraci, M.; Pine, D.S.; Grillon, C. Overgeneralization of
conditioned fear as a pathogenic marker of panic disorder. Am. J. Psychiatry 2010, 167, 47–55. [CrossRef]
[PubMed]

13. Perna, G. Understanding anxiety disorders: The psychology and the psychopathology of defence
mechanisms against threats. Riv. Psichiatr. 2013, 48, 73–75. [PubMed]

14. Perna, G.; Guerriero, G.; Brambilla, P.; Caldirola, D. Panic and the brainstem: Clues from neuroimaging
studies. CNS Neurol. Disord. Drug Targets 2014, 13, 1049–1056. [CrossRef] [PubMed]

15. Stahl, S.M. Stahl’s Essential Psychopharmacology: Neuroscientific Basis and Practical Applications, 3rd ed.;
Cambridge University Press: Cambridge, UK, 2008.

16. Blier, P.; Szabo, S.T. Potential mechanisms of action of atypical antipsychotic medications in
treatment-resistant depression and anxiety. J. Clin. Psychiatry 2005, 66 (Suppl. S8), 30–40. [PubMed]

17. Marek, G.J.; Carpenter, L.L.; McDougle, C.J.; Price, L.H. Synergistic action of 5-HT2A antagonists and
selective serotonin reuptake inhibitors in neuropsychiatric disorders. Neuropsychopharmacol.: Off. Publ. Am.
Coll. Neuropsychopharmacol. 2003, 28, 402–412. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/mpr.1359
http://www.ncbi.nlm.nih.gov/pubmed/22865617
http://dx.doi.org/10.1517/14728214.2011.628313
http://www.ncbi.nlm.nih.gov/pubmed/21999303
http://dx.doi.org/10.1177/0269881114525674
http://www.ncbi.nlm.nih.gov/pubmed/24713617
http://dx.doi.org/10.1517/14656566.2016.1109628
http://www.ncbi.nlm.nih.gov/pubmed/26635099
http://dx.doi.org/10.1111/j.1600-0447.2008.01157.x
http://www.ncbi.nlm.nih.gov/pubmed/18307586
http://dx.doi.org/10.1517/13543784.2014.996286
http://www.ncbi.nlm.nih.gov/pubmed/25539284
http://dx.doi.org/10.1016/j.pbb.2010.02.005
http://www.ncbi.nlm.nih.gov/pubmed/20167232
http://dx.doi.org/10.1016/j.pbb.2008.04.014
http://www.ncbi.nlm.nih.gov/pubmed/18547622
http://dx.doi.org/10.1016/S0091-3057(96)00064-0
http://dx.doi.org/10.1016/j.brat.2008.10.017
http://www.ncbi.nlm.nih.gov/pubmed/19027893
http://dx.doi.org/10.1176/appi.ajp.2009.09030410
http://www.ncbi.nlm.nih.gov/pubmed/19917595
http://www.ncbi.nlm.nih.gov/pubmed/23438704
http://dx.doi.org/10.2174/1871527313666140612112923
http://www.ncbi.nlm.nih.gov/pubmed/24923341
http://www.ncbi.nlm.nih.gov/pubmed/16336034
http://dx.doi.org/10.1038/sj.npp.1300057
http://www.ncbi.nlm.nih.gov/pubmed/12589395


Int. J. Mol. Sci. 2016, 17, 551 18 of 20

18. Marx, C.E.; VanDoren, M.J.; Duncan, G.E.; Lieberman, J.A.; Morrow, A.L. Olanzapine and clozapine increase
the GABAergic neuroactive steroid allopregnanolone in rodents. Neuropsychopharmacol.: Off. Publ. Am. Coll.
Neuropsychopharmacol. 2003, 28, 1–13. [CrossRef] [PubMed]

19. Majewska, M.D. Steroid regulation of the GABAA receptor: Ligand binding, chloride transport and
behaviour. Ciba Found. Symp. 1990, 153, 83–97; discussion 97–106. [PubMed]

20. Akwa, Y.; Purdy, R.H.; Koob, G.F.; Britton, K.T. The amygdala mediates the anxiolytic-like effect of the
neurosteroid allopregnanolone in rat. Behav. Brain Res. 1999, 106, 119–125. [CrossRef]

21. Perna, G.A.A.; Riva, A.; Micieli, W.; Caldirola, D. Long-term pharmacological treatments of anxiety disorders.
An updated systematic review. Curr. Psychiatry Rep. 2015, 18, 23. [CrossRef] [PubMed]

22. LaLonde, C.D.; van Lieshout, R.J. Treating generalized anxiety disorder with second generation
antipsychotics: A systematic review and meta-analysis. J. Clin. Psychopharmacol. 2011, 31, 326–333. [CrossRef]
[PubMed]

23. Hershenberg, R.; Gros, D.F.; Brawman-Mintzer, O. Role of atypical antipsychotics in the treatment of
generalized anxiety disorder. CNS Drugs 2014, 28, 519–533. [CrossRef] [PubMed]

24. Wang, H.R.; Woo, Y.S.; Bahk, W.M. The potential role of atypical antipsychotics in the treatment of panic
disorder. Hum. Psychopharmacol. 2014, 29, 405–413. [CrossRef] [PubMed]

25. Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gotzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, P.J.;
Kleijnen, J.; Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: Explanation and elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34.
[CrossRef] [PubMed]

26. Goddard, A.W.; Mahmud, W.; Medlock, C.; Shin, Y.W.; Shekhar, A. A controlled trial of quetiapine XR
coadministration treatment of SSRI-resistant panic disorder. Ann. Gen. Psychiatry 2015, 14, 26. [CrossRef]
[PubMed]

27. Prosser, J.M.; Yard, S.; Steele, A.; Cohen, L.J.; Galynker, I.I. A comparison of low-dose risperidone to
paroxetine in the treatment of panic attacks: A randomized, single-blind study. BMC Psychiatry 2009, 9, 25.
[CrossRef] [PubMed]

28. Suppes, T.; McElroy, S.L.; Sheehan, D.V.; Hidalgo, R.B.; Cosgrove, V.E.; Gwizdowski, I.S.; Feldman, N.S.
A randomized, double-blind, placebo-controlled study of ziprasidone monotherapy in bipolar disorder with
co-occurring lifetime panic or generalized anxiety disorder. J. Clin. Psychiatry 2014, 75, 77–84. [CrossRef]
[PubMed]

29. Sheehan, D.V.; McElroy, S.L.; Harnett-Sheehan, K.; Keck, P.E., Jr.; Janavs, J.; Rogers, J.; Gonzalez, R.;
Shivakumar, G.; Suppes, T. Randomized, placebo-controlled trial of risperidone for acute treatment of
bipolar anxiety. J. Affect. Disord. 2009, 115, 376–385. [CrossRef] [PubMed]

30. Sheehan, D.V.; Harnett-Sheehan, K.; Hidalgo, R.B.; Janavs, J.; McElroy, S.L.; Amado, D.; Suppes, T.
Randomized, placebo-controlled trial of quetiapine XR and divalproex ER monotherapies in the treatment of
the anxious bipolar patient. J. Affect. Disord. 2013, 145, 83–94. [CrossRef] [PubMed]

31. American Psychiatric Association. Practice Guidelines for the Treatment of Patients with Panic Disorder, 2nd ed.;
American Psychiatric Association: Arlington, VA, USA, 2009.

32. Perna, G.; Gabriele, A.; Caldirola, D.; Bellodi, L. Hypersensitivity to inhalation of carbon dioxide and panic
attacks. Psychiatry Res. 1995, 57, 267–273. [CrossRef]

33. Perna, G.; Caldirola, D.; Arancio, C.; Bellodi, L. Panic attacks: A twin study. Psychiatry Res. 1997, 66, 69–71.
[CrossRef]

34. Perna, G.; Bussi, R.; Allevi, L.; Bellodi, L. Sensitivity to 35% carbon dioxide in patients with generalized
anxiety disorder. J. Clin. Psychiatry 1999, 60, 379–384. [CrossRef] [PubMed]

35. Newcomer, J.W. Second-generation (atypical) antipsychotics and metabolic effects: A comprehensive
literature review. CNS Drugs 2005, 19 (Suppl. S1), 1–93. [CrossRef] [PubMed]

36. Coplan, J.; Gugger, J.J.; Tasleem, H. Tardive dyskinesia from atypical antipsychotic agents in patients with
mood disorders in a clinical setting. J. Affect. Disord. 2013, 150, 868–871. [CrossRef] [PubMed]

37. Bandelow, B.; Lichte, T.; Rudolf, S.; Wiltink, J.; Beutel, M.E. The diagnosis of and treatment recommendations
for anxiety disorders. Dtsch. Arzteblatt Int. 2014, 111, 473–480.

http://dx.doi.org/10.1038/sj.npp.1300015
http://www.ncbi.nlm.nih.gov/pubmed/12496935
http://www.ncbi.nlm.nih.gov/pubmed/1963401
http://dx.doi.org/10.1016/S0166-4328(99)00101-1
http://dx.doi.org/10.1007/s11920-016-0668-3
http://www.ncbi.nlm.nih.gov/pubmed/26830881
http://dx.doi.org/10.1097/JCP.0b013e31821b2b3f
http://www.ncbi.nlm.nih.gov/pubmed/21508847
http://dx.doi.org/10.1007/s40263-014-0162-6
http://www.ncbi.nlm.nih.gov/pubmed/24794100
http://dx.doi.org/10.1002/hup.2419
http://www.ncbi.nlm.nih.gov/pubmed/25196039
http://dx.doi.org/10.1016/j.jclinepi.2009.06.006
http://www.ncbi.nlm.nih.gov/pubmed/19631507
http://dx.doi.org/10.1186/s12991-015-0064-0
http://www.ncbi.nlm.nih.gov/pubmed/26379759
http://dx.doi.org/10.1186/1471-244X-9-25
http://www.ncbi.nlm.nih.gov/pubmed/19470174
http://dx.doi.org/10.4088/JCP.12m08297
http://www.ncbi.nlm.nih.gov/pubmed/24345758
http://dx.doi.org/10.1016/j.jad.2008.10.005
http://www.ncbi.nlm.nih.gov/pubmed/19042026
http://dx.doi.org/10.1016/j.jad.2012.07.016
http://www.ncbi.nlm.nih.gov/pubmed/22920718
http://dx.doi.org/10.1016/0165-1781(95)02723-A
http://dx.doi.org/10.1016/S0165-1781(97)85177-3
http://dx.doi.org/10.4088/JCP.v60n0606
http://www.ncbi.nlm.nih.gov/pubmed/10401916
http://dx.doi.org/10.2165/00023210-200519001-00001
http://www.ncbi.nlm.nih.gov/pubmed/15998156
http://dx.doi.org/10.1016/j.jad.2013.04.053
http://www.ncbi.nlm.nih.gov/pubmed/23726783


Int. J. Mol. Sci. 2016, 17, 551 19 of 20

38. Donovan, M.R.; Glue, P.; Kolluri, S.; Emir, B. Comparative efficacy of antidepressants in preventing relapse
in anxiety disorders—A meta-analysis. J. Affect. Disord. 2010, 123, 9–16. [CrossRef] [PubMed]

39. Chen, Y.W.; Dilsaver, S.C. Comorbidity of panic disorder in bipolar illness: Evidence from the Epidemiologic
Catchment Area Survey. Am. J. Psychiatry 1995, 152, 280–282. [PubMed]

40. MacKinnon, D.F.; Xu, J.; McMahon, F.J.; Simpson, S.G.; Stine, O.C.; McInnis, M.G.; DePaulo, J.R. Bipolar
disorder and panic disorder in families: An analysis of chromosome 18 data. Am. J. Psychiatry 1998, 155,
829–831. [PubMed]

41. Logue, M.W.; Durner, M.; Heiman, G.A.; Hodge, S.E.; Hamilton, S.P.; Knowles, J.A.; Fyer, A.J.;
Weissman, M.M. A linkage search for joint panic disorder/bipolar genes. Am. J. Med. Genet. Part B
Neuropsychiatr. Genet. 2009, 150B, 1139–1146. [CrossRef] [PubMed]

42. Kilbane, E.J.; Gokbayrak, N.S.; Galynker, I.; Cohen, L.; Tross, S. A review of panic and suicide in bipolar
disorder: Does comorbidity increase risk? J. Affect. Disord. 2009, 115, 1–10. [CrossRef] [PubMed]

43. Forty, L.; Smith, D.; Jones, L.; Jones, I.; Caesar, S.; Cooper, C.; Fraser, C.; Gordon-Smith, K.; Hyde, S.;
Farmer, A.; et al. Clinical characteristics of unipolar disorder and bipolar disorder according to the lifetime
presence of recurrent panic attacks. Bipolar Disord. 2009, 11, 307–315. [CrossRef] [PubMed]

44. Feske, U.; Frank, E.; Mallinger, A.G.; Houck, P.R.; Fagiolini, A.; Shear, M.K.; Grochocinski, V.J.; Kupfer, D.J.
Anxiety as a correlate of response to the acute treatment of bipolar I disorder. Am. J. Psychiatry 2000, 157,
956–962. [CrossRef] [PubMed]

45. Frank, E.; Shear, M.K.; Rucci, P.; Cyranowski, J.M.; Endicott, J.; Fagiolini, A.; Grochocinski, V.J.; Houck, P.;
Kupfer, D.J.; Maser, J.D.; et al. Influence of panic-agoraphobic spectrum symptoms on treatment response in
patients with recurrent major depression. Am. J. Psychiatry 2000, 157, 1101–1107. [CrossRef] [PubMed]

46. Tondo, L.; Vazquez, G.; Baldessarini, R.J. Mania associated with antidepressant treatment: Comprehensive
meta-analytic review. Acta Psychiatr. Scand. 2010, 121, 404–414. [CrossRef] [PubMed]

47. Ketter, T.A.; Miller, S.; Dell’Osso, B.; Wang, P.W. Treatment of bipolar disorder: Review of evidence regarding
quetiapine and lithium. J. Affect. Disord. 2016, 191, 256–273. [CrossRef] [PubMed]

48. Klein, D.F. False suffocation alarms, spontaneous panics, and related conditions. An integrative hypothesis.
Arch. Gen. Psychiatry 1993, 50, 306–317. [CrossRef] [PubMed]

49. Perna, G.C.D.; Bellodi, L. Panic disorder: From respiration to the homeostatic brain. Acta Neuropsychiatr.
2004, 16, 57–67. [CrossRef] [PubMed]

50. Vidyasagar, M. Identifying predictive features in drug response using machine learning: Opportunities and
challenges. Annu. Rev. Pharmacol. Toxicol. 2015, 55, 15–34. [CrossRef] [PubMed]

51. Maron, E.; Nutt, D. Biological predictors of pharmacological therapy in anxiety disorders.
Dialogues Clin. Neurosci. 2015, 17, 305–317. [PubMed]

52. Caldirola, D.; Perna, G. Is there a role for pharmacogenetics in the treatment of panic disorder?
Pharmacogenomics 2015, 16, 771–774. [CrossRef] [PubMed]

53. Perna, G.; Bertani, A.; Caldirola, D.; Gabriele, A.; Cocchi, S.; Bellodi, L. Antipanic drug modulation of
35% CO2 hyperreactivity and short-term treatment outcome. J. Clin. Psychopharmacol. 2002, 22, 300–308.
[CrossRef] [PubMed]

54. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders DSM-III; Amer
Psychiatric Pub: Washington, DC, USA, 1980.

55. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders DSM-III-R; Amer
Psychiatric PuB: Washington, DC, USA, 1987.

56. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders DSM-IV; Amer
Psychiatric Pub: Washington, DC, USA, 1994.

57. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders DSM-IV-TR Fourth
Edition (Text Revision), 4th ed.; Amer Psychiatric Pub: Washington, DC, USA, 2000.

58. Centers for Disease Control and Prevention International Classification of Diseases, Ninth Revision (ICD-9).
Available online: http://www.cdc.gov/nchs/icd/icd9.htm (accessed on January 2016).

59. Centers for Disease Control and Prevention International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM). Available online: http://www.cdc.gov/nchs/icd/icd9cm.htm (accessed on
January 2016).

http://dx.doi.org/10.1016/j.jad.2009.06.021
http://www.ncbi.nlm.nih.gov/pubmed/19616306
http://www.ncbi.nlm.nih.gov/pubmed/7840367
http://www.ncbi.nlm.nih.gov/pubmed/9619158
http://dx.doi.org/10.1002/ajmg.b.30939
http://www.ncbi.nlm.nih.gov/pubmed/19308964
http://dx.doi.org/10.1016/j.jad.2008.09.014
http://www.ncbi.nlm.nih.gov/pubmed/19000640
http://dx.doi.org/10.1111/j.1399-5618.2009.00676.x
http://www.ncbi.nlm.nih.gov/pubmed/19419388
http://dx.doi.org/10.1176/appi.ajp.157.6.956
http://www.ncbi.nlm.nih.gov/pubmed/10831476
http://dx.doi.org/10.1176/appi.ajp.157.7.1101
http://www.ncbi.nlm.nih.gov/pubmed/10873918
http://dx.doi.org/10.1111/j.1600-0447.2009.01514.x
http://www.ncbi.nlm.nih.gov/pubmed/19958306
http://dx.doi.org/10.1016/j.jad.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/26688495
http://dx.doi.org/10.1001/archpsyc.1993.01820160076009
http://www.ncbi.nlm.nih.gov/pubmed/8466392
http://dx.doi.org/10.1111/j.0924-2708.2004.0080.x
http://www.ncbi.nlm.nih.gov/pubmed/26983998
http://dx.doi.org/10.1146/annurev-pharmtox-010814-124502
http://www.ncbi.nlm.nih.gov/pubmed/25423479
http://www.ncbi.nlm.nih.gov/pubmed/26487811
http://dx.doi.org/10.2217/pgs.15.66
http://www.ncbi.nlm.nih.gov/pubmed/26083015
http://dx.doi.org/10.1097/00004714-200206000-00011
http://www.ncbi.nlm.nih.gov/pubmed/12006901


Int. J. Mol. Sci. 2016, 17, 551 20 of 20

60. Centers for Disease Control and Prevention International Classification of Diseases, Tenth Revision (ICD-10).
Available online: http://www.cdc.gov/nchs/icd/icd10.htm (accessed on January 2016).

61. Higgins, J.P.; Altman, D.G.; Gøtzsche, P.C.; Jüni, P.; Moher, D.; Oxman, A.D.; Savovic, J.; Schulz, K.F.;
Weeks, L.; Sterne, J.A.; et al. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials.
BMJ 2011, 343, d5928. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/pubmed/22008217
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	
	
	
	
	
	
	

	
	

