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DEVELOPMENT OF A
THEORETICALLY-DERIVED
HUMAN ANXIETY SYNDROME
BIOMARKER

Abstract
“Anxiety disorders” are extremely common; and are a major source of health costs and lost work days. Their
diagnosisis currently based on clinical symptom check lists and there are no biological markers to diagnose specific
syndromal causes. This paper describes: 1) a detailed theory of the brain systems controlling anxiolytic-insensitive
threat-avoidance and anxiolytic-sensitive threat-approach — where, in specific brain structures, activity generates
specific normal behaviours, hyperactivity generates abnormal behaviours, and hyper-reactivity (hypersensitivity
to input) generates specific clinical syndromes; 2) a rodent model of systemic anxiolytic action (rhythmical slow
activity), linked to the theory, that over a period of 40 years has shown predictive validity with no false positives
or false negatives — and which is likely to assay the sensitivity of endogenous systems that control anxiety; and, 3)
derivation from this rodent-based theory of a specific non-invasive biomarker (goal-conflict-specific rhythmicity)
for the threat-approach system in humans. This new biomarker should allow division of untreated “anxiety”
patients, with superficially similar clusters of symptomes, into distinct high scoring (syndromal) and low scoring
groups with different treatment-responses. This would be the first theoretically-derived biomarker for any mental
disorder and should: 1) predict treatment efficacy better than current symptom-based diagnoses; 2) provide
a human single dose test of novel anxiolytics; 3) provide a starting point for developing biomarkers for other
“anxiety” syndromes; and so, 4) greatly improve treatment outcomes and cost-effectiveness.
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A cluster of defensive pathologies, usually
referred to as “anxiety disorders’, afflict as much
as 15% of the population in any one year [1].
Diagnosis currently cannot identify syndromes
and so treatments are applied with poor
predictive success, which increases costs and
societal impact. While the focus of this paper
is on anxiety disorders, it should be noted that
similar problems with diagnosis occur with
mental disorders generally. Work days lost to
mental disorders as a whole are about double
those lost to other health issues [1].”Patients with
mental disorders deserve better” [2]. This paper
describes a rodent-based neuropsychology for
which Rhythmical Slow Activity (RSA; “theta
rhythm”) is a key functional substrate and the
derivation from this of a human biomarker,
Goal Conflict-Specific Rhythmicity (GCSR). GCSR
should, for the first time identify a specific,
theoretically-derived (bottom up), neurally-
based syndrome within the ‘anxiety disorders
The paper does not attempt to review current

* E-mail: nmcn@psy.otago.ac.nz

Development of this biomarker represents
a significant attempt to apply to psychiatry
the approach currently taken in more general
medicine and is aligned with recent (April 29,
2013) statements from the US National Institute
of Mental Health:

“[Current] diagnoses are ... equivalent to
creating diagnostic systems based on the nature
of chest pain or the quality of fever. ... Symptoms
alone rarely indicate the best choice of treatment.
.. NIMH has launched the Research Domain
Criteria (RDoC) project to transform diagnosis.
This approach began with several assumptions:

. A diagnostic approach based on the
biology as well as the symptoms must not
be constrained by the current ... categories,

. Mental disorders are biological disorders
involving brain circuits that implicate
specific domains of cognition, emotion, or
behavior,

. Each
understood across a dimension of function,

level of analysis needs to be

Mapping the cognitive, circuit, and genetic
aspects of mental disorders will yield new and
better targets for treatment.

It became immediately clear that [RDoC]
cannot design a system based on biomarkers ...
because we lack the data."[2]

Disorders of defensive reactions (often
grouped as “anxiety disorders” [3]) are currently
assigned many specific diagnoses within
two main systems: The WHO International
Classification of Diseases, now in its 10th Edition
(ICD-10) [4]; and the American Psychiatric
Association’s Diagnostic and Statistical Manual,
recently released in its 5th edition (DSM-5)
[3]. Both DSM-5 and ICD-10 assign a single
“diagnosis” per patient with neither certainty
as to primary dysfunction nor allowance for
comorbidity. However, patients usually present
clinically with mixed symptoms, fitting multiple
“diagnoses” (e.g., generalised anxiety, panic,
social anxiety, depression) and so clinicians are
inclined to assign co-morbid diagnoses. Neither
anxiety, nor its distinction from fear/phobia,
nor any of the current divisions of either fear or
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anxiety into subtypes, is biologically defined.
DSM-5 [3] includes various phobias/anxieties
indiscriminately within “anxiety disorders”;
whereas ICD-10 [4] has separate subgroups
of phobic disorders and anxiety disorders but
groups them within a broader class of “neurotic,
stress-related and somatoform disorders”. The
biggest problem is that ICD-10 and DSM-5
both distinguish only superficial patterns of
symptoms (e.g. worry; panic attacks) or the
situations associated with them (e.g. social
scrutiny, specific objects) and have no objective
biomarkers for any organic source of disorder.

The problem of defining anxiety

The difference in treatment of the fear/anxiety
distinction in the two classification systems
is not surprising given the variation in the
normal uses of the words “fear” and “anxiety”.
For some people fear is unconditioned and
anxiety conditioned, for others fear is normal
and anxiety is pathological, for yet others fear
is strong and anxiety is weak - with a clear
contradiction between the last two meaning
sets. Likewise, brief inspection of Collins
German Dictionary finds that anxiety translates
as Angst, Angst translates as dread (but not vice
versa), dread translates as Furcht (but not vice
versa) and Furcht translates as fear not anxiety
- while the sequence as a whole equates fear
with anxiety. The approach taken in this paper
is to construct theory-specific definitions of
these emotion words based on biological and
pharmacological considerations.

What is an emotion? A challenge addressed
to biological psychologists 130 years ago [5],
this question still has no consensus answer. Our
unique approach [6] is to define “an emotion”
as a set of reactions that share a common
teleonomy [7] (i.e. evolutionary “purpose”/
adaptive function). The common usages that
we considered above see fear and anxiety as
almost synonyms. In contrast, while seeing both
fear and anxiety as defensive reactions, we [8]
link fear to withdrawal from threat and anxiety
to the opposite, approach to threat. That is we
define fear as the set of all those behavioural,
autonomic and hormonal reactions that has
evolved to facilitate defensive withdrawal (i.e.
simple avoidance where there is no conflict

with other prepotent responses); and we define
anxiety as the set of all those reactions that have
evolved to facilitate defensive approach (i.e.
that resolves approach-avoidance conflicts).

A second way to distinguish defensive
systems is pharmacological. Individual drug
classes used to treat “anxiety disorders” tend
to have relatively non-specific main effects
(Table 1) as well as a range of distinctive
side effects. However, we can construct the
laboratory equivalent of the “magic bullet”
by looking at the intersection of the effects
of different classes of drug. In particular, if we
compare benzodiazepines with buspirone
we can see that they share only a common
anxiolytic effect (in that they have been shown
to have some therapeutic effect in groups
of patients classified as having generalised
anxiety disorder); while they have disparate
effects on panic, obsession, depression, muscle
relaxation, epilepsy, addiction, headaches, etc.
Thus any neural or behavioural measure that
is affected similarly by both a benzodiazepine
and buspirone should be linked to “anxiety”
as defined pharmacologically. Importantly,
these drugs are likely to be acting on receptors
that are normally modulated by endogenous
compounds [9-11] that can provide the basis
for anxiety sensitivity.

A neuropsychology of anxiety
and fear disorders

“Anxiety disorders” (including both fear
and anxiety as defined above) involve the
subjective experience of aversion together with
characteristic behavioural and physiological
(e.g.
arousal). But these reactions can all occur
normally; and so both DSM-5 [3] and ICD-10

[4] require them to be excessive, persistent,

responses avoidance, vigilance and
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distressing, and functionally impairing to
meet clinical criteria for an anxiety disorder.
Given this, our approach has been to analyse
the neurology of defence in normal rodents
assuming that the structures involved will
be homologous to those affected in human
disorder - with dysfunction resting only
in excessive re-activity to input stimuli or
spontaneous, inappropriate, output (e.g. as a
result of paroxysmal discharge of neurones).
Disorders of defensive reactions, then, reflect
dysfunction of evolutionarily conserved neural
systems [13-15] adapted for survival in the face
of threat; for which we have developed, over
several decades [8,15-41], a highly detailed two
dimensional (2D: direction / distance) theory
of defensive reactions and their disorders.
The theory’s fundamental axiom [42,43] is
that anxiolytic drugs act on, and so define,
the Behavioural Inhibition System (BIS; the
“anxiety” system). Anxiolytics are defined here
as drugs acting at benzodiazepine or 5HT,,
receptors, which as a class can improve some
cases of anxiety disorders but do not necessarily
improve panic, phobia, depression or obsession
[34]. The BIS
avoidance conflict [8,22]. It gets its name from

is activated by approach-

its initial inhibition of on-going behaviour
prior to replacing it with, e.g., risk assessment
behaviour. Its outputs also include increased
arousal, attention and negative emotional bias.
Anxiolytics, as a class, do not affect the Fight,
Flight, Freeze System (FFFS; the “fear” system),
which is sensitive to panicolytics such as
fluoxetine. Most of the pharmacology that has
characterised the BIS uses learning experiments
[22,43]; but the
separation occurs with
[44-56]
(ethological) separation of these into “fear-”

same pharmacological

innate responses
and is matched by functional

and “anxiety-"related behaviours [46,47,57].

Table 1. Clinical profile of drugs used to treat defensive disorders. Note that no drug has a specific effect on a
single type of disorder but that benzodiazepines (classical, GABA-A agonists) and buspirone (novel, 5HT-
1A agonist) share only an effect on generalised anxiety disorder (GAD). OCD = obsessive compulsive

disorder. Adapted from [12].

PANIC GAD 0ocD DEPRESSION
BENZODIAZEPINES 0/ - 0 0
BUSPIRONE 0 0 -
IMIPRAMINE - 0 .

CLOMIPRAMINE -
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We attribute these
opposition on a dimension of “defensive

separations to polar

withdrawal
[22,36]. The
functional analysis [46,47] defined a second

direction”:  defensive versus

defensive  approach same
dimension of “defensive distance” (essentially
threat),

behaviours are

perceived immediacy of along
which specific functional
hierarchically organised [46,47]; leading to the
suggestion that their neural control systems
are also hierarchically organised [58]. We [8,22]
distilled these and other data on functional
and dysfunctional defensive behaviour into
the 2D theory (Figure 1). This 2D theory of the
control of defensive states is also the basis of
the Reinforcement Sensitivity Theory of human

personality [59].

Normality, morbidity and
comorbidity

Each of the modules (Figure 1) in the hierarchies
of the BIS and FFFS can be involved primarily or
secondarily in mental disorder. Activity within
any specific module will produce specific
behavioural and autonomic output; but can do
so for arange of different reasons. With a strong
threat (e.g. a close encounter with a grizzly bear
on a narrow track) and a normal module (e.g.
periaqueductal grey, Figure 1) there will be
normal output (e.g. heartrate increase, freezing,
thoughts of death; i.e. normal, adaptive, panic).
With a weak threat and a hyper-reactive module
there will be maladaptive, syndromal, output
(e.g. panic resulting from hyper-reactivity of the
periaqueductal grey [60-62]). With no apparent
threat, panic could also occur unexpectedly as
a result of spontaneous periaqueductal grey
activity [63], such as epileptiform discharge,
producing spontaneous panic [64].

An
diagnosis is that with normal external input,

important complication for clinical
and a normal module, symptomatic output can
nonetheless occur as a result of abnormality in
another module. Activity in any module impacts
immediately on others through extensive
reciprocal excitatory and inhibitory neural
connections (Figure 1). Excitatory connections
allow a threat detected by only one level of the
hierarchy to engage modules higher and lower
in the hierarchy to increase the probability of an
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Figure 1. The 2D defence system (direction x distance), updated from [8]. Brain area in capitals, normal function
lower case, nominal disorder (closest current diagnosis) in italics. Note the reciprocal (excitatory and
inhibitory) connections between levels and systems. The light grey oval represents areas that show
RSA (see text), which is modulated by 5HT1A and BDZ receptor agonists. Dashed lines = 5HT/NA
modulation. 5HT = 5-hydroxytryptamine /serotonin; 5HT1A = 5HT1A receptors; BDZ = benzodiazepine
receptors; NA = noradrenaline; OCD = obsessive compulsive disorder; PAG = periaqueductal grey; PFC
= prefrontal cortex; RSA = rhythmical slow activity.

appropriate response being generated at that
point in time, or in the future via conditioning.
which
level of the hierarchy is in immediate control

Inhibitory connections determine
of responding - for example, if avoidance is
possible then undirected escape needs to be
inhibited.

On a longer time scale, modules can become
co-activated as a result of environmental
feedback and learning. For example, panic
- in the FFFS - can later result in anxiety [65]
via activation of the BIS by conditioned stimuli
(such as the place in which spontaneous
panic first occurred), particularly in neurotic
individuals. So, patients presenting with, for
example, symptoms of panic and anxiety may
have primary panic disorder with consequential
anxiety [66], primary anxiety disorder with
increased arousal generating consequential
panic [67-69], or a combination of these
problems.Therearealso conditions under which
reduced anxiety releases panic from inhibition
[58]. The same general scenarios will apply to
all modules of both systems. Hyper-reactivity

[70] of a module will generate a syndrome
[8], produce specific primary symptoms; and
activate other modules, producing secondary
symptoms [71]. As a result, symptoms will not
be a good guide to syndromes.

The 2D theory predicts [8,22] not only
multiple distinct syndromes (Figure 1) but also
explicitly allows comorbidities. Hyper-reactivity
[72,73] of (or spontaneous discharges in [63])
the ventro-lateral periaqueductal grey would
produce a “pure panic disorder” that would
be approximately equivalent to the current
diagnosis of “irritable heart syndrome” [64].
(This pure panic disorder would not usually
present in the psychological clinic until it was
combined with additional secondary BIS-
related symptoms.) Hyper-reactivity of specific
modules of the FFFS would generate phobic
(primary avoidance) syndromes ranging from
relatively “simple” (hypothalamus) to “complex”
(frontal cortex). Likewise, hyper-reactivity of the
hypothalamus or amygdala or hippocampus or
frontal cortex would generate a similar range of
BIS syndromes. The disorder labels in Figure 1
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are preliminary and approximate mappings
to the closest equivalent current diagnosis,
if one exists. The more limited distribution of
5HT,, receptors compared to 5HT terminals
(Figure 1) explains why 5HT,  agonists like
buspirone can treat anxiety but not panic [74],
whereas broader 5HT drugs like fluoxetine
can treat both. The specific nature of the 5HT
terminals in the anterior cingulate compared
to other areas explains why clomipramine
but not desipramine can be effective in some
cases of obsessive compulsive disorder [75].
Genuine co-morbidity (as opposed to a mixture
of primary and secondary symptoms) would
occur when more than one module (or more
than one system-wide modulatory input) is
dysfunctionally hyper-reactive.

Rhythmical Slow Activity (RSA,
theta) as a potential anxiety
syndrome biomarker

Despite the apparent complexity of the
relation between symptoms and syndromes,
syndromes should be distinguishable by
biomarkers. A key assumption of the 2D theory
is that distinct disorders will represent hyper-
reactivity of distinct modules within a system or
of inputs that modulate multiple modules of a
system. That is, no symptoms need be shown
currently; but a particular level of stimulus
input to that module, delivered as a challenge,
will produce greater than normal output. Panic,
for example, can be provoked by a variety of
physical challenges (CO,, lactate, etc.). Patients
currently diagnosed with “panic disorder”
and “irritable heart syndrome” often show a
lower threshold (i.e. hyper-reactivity) to these
challenges than do controls. However, with
panic, there is as yet no strong theoretical link
between the nature of the challenge and the
cause of the underlying disorder [66]. What is
required, therefore, are biomarkers for activity
in specific modules of the defense systems and
for the modulating systems that control the
global sensitivities of the BIS and/or FFFS.

We have developed the first such biomarker
based on the fact [16,22,76,77] that the BIS
depends on Rhythmical Slow Activity (RSA;
4-12 Hz rhythmic cell firing - often referred to
as “theta” despite its wide frequency range).

We have repeatedly shown [77-85] with
intracranial EEG in rats that RSA frequency
reduction, measured in the hippocampus,
predicts clinical “anxiolytic” action (see [86]
for review), with no false positives (even
with sedatives) or negatives (even with
drugs ineffective in panic or depression).
The predictive value of our rat test has been
confirmed by others [87-90]. We also proved
that artificial replacement of blocked RSA
repairs behavioural dysfunction [91] (the first
proof that any EEG rhythmicity is functional in
and of itself); and that changes in RSA mediate
the action of anxiolytics on behavioural
inhibition in an approach-avoidance conflict
[92].
reliable model of anxiolytic action but to be

Thus RSA appears to be not just a

a significant neural substrate of an anxiety-
related process.

A human homologue of RSA

We developed a human homologue of rat
RSA as a biomarker for BIS hyper-reactivity.
Hippocampal depth recording is impractical
for assessing anxiety disorders in humans.
However, in rats, rhythmicity in frontal cortex
with
risk assessment

becomes coherent (phase-locked)
RSA during

behaviours [93]. Since the hippocampus itself

hippocampal

shows RSA even when it is not in control of
behaviour, this outflow of RSA to prefrontal
cortex should be more predictive of BIS
functional output and act as a better biomarker
than hippocampal recording. We therefore
searched for rhythmicity in human frontal
cortex that was generated by goal (approach-
avoidance) conflict and sensitive to anxiolytic
drugs.

We measured human scalp EEG during
approach, conflict, and avoidance, subtracting
the average power in approach and avoidance
from conflict to measure goal conflict-specific
rhythmicity (GCSR). We found GCSR at a right
frontal cortex site (F8) [94,95]. Right frontal
cortex (particularly the inferior frontal gyrus)
controls stopping [96-99] (a major output of
the BIS) in the Stop Signal Task (SST) [100].
The SST is extremely simple to administer and
has already been used with clinical cases such
as ADHD and schizophrenia [101]. We used
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the SST to extract GCSR from F8 and found
that this correlated positively with both trait
anxiety and neuroticism [102]. Critically, we
later showed that F8 GCSR was reduced by
both benzodiazepine and 5HT,, drugs [103]
that share, in the clinic, only BIS and not FFFS
or antidepressant actions. So, right frontal
GCSR elicited in the SST task in humans is
pharmacologically homologous to RSA elicited
by electrical stimulation in rats.

Goal-conflict-specificrhythmicity
asabasisforan anxiety syndrome

Dysfunctional control of GCSR may support a
specific BIS syndrome. In the clinic, anxiolytics
can take weeks to achieve their full therapeutic
effects. Even the benzodiazepines (which have
immediate, but temporary, euphoriant and
muscle relaxant effects) need time for their full
core anxiolytic effects [104,105]. In normal rats,
acute administration of anxiolytics is effective
if anxiety is an immediately elicited state or
being learned [43,106]; and both in animal RSA
[86] and in human GCSR [103], all anxiolytics
are effective immediately; with no change
in this effect over chronic administration
[107]. Elicitation of GCSR, then, assesses the
output from a mechanism, the chronic hyper-
reactivity of which could both predispose to
and perpetuate clinical anxiety by modulating
(stippled 5HT,,/BDZ/RSA zone in Figure 1) the
entire BIS.

GCSR provoked by the SST's approach-
avoidance challenge should identify BIS hyper-
reactivity. As noted above, GCSR amplitude
correlates both with neuroticism (a general
risk factor for multiple disorders [108]) and
trait anxiety (@ more focussed measure of
the chronic tendency to be “anxious” [109]).
Importantly, the SST involves no threats and
stopping behaviour itself does not correlate
with neuroticism or trait anxiety and is not
affected by benzodiazepine or 5HT,, drugs
[103]. The strength of elicited GCSR in the SST,
thus measures the reactivity of a BIS circuit,
un-confounded by concurrent challenges to
the panic system or by changes in behaviour
controlled by act and action circuits [102] that
operate in parallel to each other and to goal
control by the BIS (Figure 2).
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An improved goal-conflict-

specific signal - homology with Go StOp
RSA ’ motor output ‘
While satisfactory from a theoretical T

standpoint, our reported SST results [102,103]
have some limitations in relation to clinical cortex SLOWER BIS
translation. They involved a novel method of ] motor

. - plans SLOW
analysis that separated trials into three groups l FAST hippocampus

to allow application of a quadratic contrast

[110] to extract conflict-specific rhythmicity. ‘

striatum |
All details of the task were carefully kept the l avPFC

same as in a study that demonstrated control

of stopping by the right inferior frontal gyrus globus v v
[97] but which was not optimised statistically pallidus L rlFG
for conflict detection. Based on other forms l T

of the SST [101], we have now developed a

statistically optimised version of the task in sub- 4—‘ preSMA
thalamus

which GCSR correlates with neuroticism and

trait anxiety [111]. v l
This GCSR appears homologous to RSA. _<

GCSR shows (Figure 3) a similar frequency range

(RSA = 4-12 Hz) that spans the conventional

Figure 2. Layered control of SST stopping. With extremely fast go responses, stopping in the SST is controlled
theta (4-7 Hz) and alpha (8-12 Hz) bands. The primarily by the preSMA [99] With somewhat slower go responses stopping is controlled primarily by
frequency range observed (in particular the rlFG [97,98] but BIS output is too slow to affect stopping in the SST [102].With even slower go responses
(as in go/no go tasks) activation of the BIS would generate response inhibition via rIFG/preSMA. avPFC
= anteroventral prefrontal cortex; preSMA = presupplementary motor area; rlFG = right inferior frontal
rodent RSA) is also consistent with human gyrus. From [102].

thalamus |

substantial power below 6Hz compared to

hippocampal reports [37,112,113].
Importantly, we also have unpublished data

showing that, as with the original SST [102,103], 02 F8: 4-12 Hz, 2 pt smoothed
this GCSR is sensitive to buspirone (5HT, ) and 0.18 4 !
triazolam (a short-acting benzodiazepine). 0.16 -

Buspirone and benzodiazepines are both
clinically —anxiolytic [104,105] but use 0.14 4
completely independent neural systems to
affect RSA [80]. Buspirone is neither panicolytic
[74] (unlike other antidepressant drugs) nor
anticonvulsant, euphoriant, muscle relaxant or

GCSR Log uv2
o [=)
o °©
() - N

addictive (unlike benzodiazepines) [104,114]. 0.06 1
We also found that GCSR was sensitive to

pregabalin (a calcium channel inhibitor), which 0.04
is positive in our rodent RSA test [90], effective 0.02

in generalised anxiety disorder [115], and

0 t t t t t t
4.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5
Frequency (Hz)

has not been reported to be clinically either
panicolytic or antidepressant. The sensitivity
of GCSR to all three quite distinct classes of

anxiolytic drug is strong evidence for it as an
Figure 3. Frequency distribution of GCSR in the Stop Signal Task (SST) at F8 averaged for 50 participants

anxiety biomarker as well as clearly linking it
Y Y 9 (unpublished data pooled from 3 separate experiments). GCSR was calculated as the difference in stop-

to the BIS. However, GCSR may not be useable signal specific Fourier transform power between groups of trials with a stop signal delay that results in
directly for individual diagnosis in the clinic - it stop and go being in balanced conflict (50% of trials each) with the average power for groups where go
. . X or stop predominated. A positive value indicates an increase in rhythmic power specific to the presence
involves a single challenge test format without of goal conflict. In this new version of the SST, power is increased in both the conventional theta (4-7 Hz)
the capacity for repeat testing, occasional loss and conventional alpha (8-12 Hz) bands and so has a range that is very similar to the frequency range of

the rodent RSA from which the test is theoretically derived.
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of participants as a result of artefact, and may
have insufficiently low error variance. However,
our drug data show that it has the capacity
to distinguish groups with N of the order of
10 and so it can be used as an anchor for the
development of more clinically convenient
instruments. We are currently starting a study
to test this in anxiety disorder patients.

GCSR as a test for novel anxiolytic
compounds

An important feature of GCSR (and its
homologue RSA) is that these are tests that on
a single occasion show an immediate response

to anxiolytic drugs (5HT,,, benzodiazepine,

1A’
calcium channelinhibiter).TheratRSAtestis well
established as a predictor of clinical anxiolytic
efficacy [87-90], with no false positives or false
negatives [86]. GCSR should, therefore, be an
effective screening test in normal humans for
clinical efficacy of novel compounds without
the need for chronic dosing. This would greatly
increase the cost-effectiveness and reduce the
risk of screening novel compounds in humans
by demonstrating which compounds are not
effective. Effective compounds would still
require clinical trials for long-term safety and
for additional (e.g. anti-panic) actions. But such
trials could be restricted to compounds with
highly predictive efficacy. It should be noted
that while “anxiolytics”, as defined earlier, affect

RSA, so do a wide range of other less specific
drugs that have known additional effects on
anxiety to their other effects (e.g. panicolytic,
antidepressant).

GCSR as a test for syndromal
anxiety and comorbidity

Importantly, GCSR should, for the first time,
allow identification of a neurally distinct,
syndromal, subgroup of “anxiety disorder”
patientsandshould providebothapracticaland
theoretical starting point for the identification
of other biomarkers for syndromes within the
cluster of “anxiety disorders”. This should lead
ultimately to a rational diagnostic structure
for anxiety disorders in the clinic; and lead the
way for similar biomarker-based structures
for other mental disorders. Importantly, with
more than one biomarker, such an approach
can lead to multiple concurrent diagnoses
and so provide a clear basis for screening for
comorbidity. Current systems are designed
to avoid comorbid diagnosis, in the name of
simplicity for primary treatment. However,
major depression and anxiety in particular,
which are already high among all medical
ilinesses for disabling impact [116], are often
comorbid. Comorbid anxiety with depression
may include a separate condition distinct
from the combination of simple anxiety with
simple depression, being more chronic and
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severe, with higher suicide risk [117,118].
Only biomarkers can determine if this is the
case. In addition, use of biomarkers would
allow distinctions to be made between true
comorbidity, where there is more than one
locus of dysfunction, and cases where a
primary morbidity (e.g. “spontaneous panic/
irritable heart syndrome”) gives rise through
either neural or societal links to secondary
symptoms (e.g. “agoraphobia”) that are also
typical of some other primary morbidity (“pure
agoraphobia”).

Conclusion

In summary, GCSR is a non-invasive human
measure that, like the rodent RSA model is
sensitive to three distinct classes of anxiolytic
drug (benzodiazepine, 5HT,, agonist, calcium
channel inhibitor) linking it to anxiety but
not panic or depression. GCSR is derived from
a well-developed and detailed preclinical
neuropsychology. Independently of its
theoretical basis its drug sensitivity is evidence
that it is a biomarker for individual variation
in a neural system, disorder in which would
generate a specific syndrome within the
“anxiety disorders”. It should provide the
first theoretically based biomarker for such
a syndrome and initiate replacement [2] of
symptom-based [3,4] diagnosis of anxiety and
other mental disorders.

[11 Oakley Browne M.A,, Wells J.E., Scott K.M. (Eds.), Te Rau Hinengaro: The
New Zealand Mental Health Survey, Ministry of Health, Wellington, 2006
[2] Insel T, Transforming diagnosis, NIMH director’s blog, 29 April 2013

[8] McNaughton N., Corr PJ., A two-dimensional neuropsychology of
defense: fear/anxiety and defensive distance, Neurosci. Biobehav.
Rev., 2004, 28, 285-305

[9] Baraldi M., Avallone R., Corsi L., Venturini I., Baraldi C., Zeneroli M.L.,
Endogenous benzodiazepines, Therapie, 2000, 55, 143-146

[3] American Psychiatric Association, Diagnostic and statistical manual
of mental disorders (5th ed.), American Psychiatric Association,
Arlington, VA, USA, 2013

[4] World Health Organization, International statistical classification of

[10] Polc P, Involvement of endogenous benzodiazepine receptor
ligands in brain disorders: therapeutic potential for benzodiazepine
antagonists, Med. Hypotheses, 1995, 44, 439-446

[11] Guidotti A., Toffano G., Costa E., An endogenous protein modulates

diseases and related health problems 10th revision, http://apps.who.
int/classifications/icd10/browse/2010/en, 2010

[5] JamesW., What is an emotion?, Mind, 1884, 9, 188-205

[6] McNaughton N., Biology and emotion, Cambridge University Press,
Cambridge, 1989

[7] Pittendrigh C.S., Adaptation, natural selection and behaviour, In:

the affinity of GABA and benzodiazepine receptors in rat brain,
Nature (Lond.), 1978, 275, 553-555
[12] McNaughton N., The neurobiology of anxiety: potential for
comorbidity of anxiety and substance use disorders, In: Stewart S.H.,
Roe A., Simpson G.G. (Eds.), Behaviour and evolution, Yale University
Press, New Haven, CT, USA, 1958, 390-416

Conrod PJ. (Eds.), Anxiety and substance use disorders: the vicious
cycle of comorbidity, Springer, New York, 2008, 19-33

142



[13] Okamoto H., Aizawa H., Fear and anxiety regulation by conserved
affective circuits, Neuron, 2013, 78,411-413

[14] McNaughton N., A gene promotes anxiety in mice - and also
scientists, Nat. Med., 1999, 5, 1131-1132

[15] McNaughton N., Evolution and anxiety, In: McNaughton N., Andrews G.
(Eds.), Anxiety, University of Otago Press, Dunedin, New Zealand, 1990

[16] Gray J.A., McNaughton N., James D.T.D., Kelly PH., Effect of minor
tranquillisers on hippocampal theta rhythm mimicked by depletion
of forebrain noradrenaline, Nature (Lond.), 1975, 258, 424-425

[17] Gray J.A., Feldon J., Rawlins J.N.P, Owen S., McNaughton N., The role
of the septo-hippocampal system and its noradrenergic afferents in
behavioural responses to nonreward, In: Elliott K., Whelan J. (Eds.),
Functions of the septo-hippocampal system, Ciba Foundation
Symposium No. 58 (new series), Elsevier, Amsterdam, 1978

[18]Gray J.A. Holt L, McNaughton N. Clinical implications of the
experimental pharmacology of the benzodiazepines, In: Costa
E. (Ed.), The benzodiazepines - from molecular biology to clinical
practice, Raven Press, New York, NY, USA, 1982

[19] Gray J.A., McNaughton N., Comparison between the behavioural
effect of septal and hippocampal lesions: a review, Neurosci.
Biobehav. Rev., 1983, 7, 119-188

[20] McNaughton N., Davis N.M., Brookes S., Rawlins J.N.P, Feldon J.,
Gray J.A., Minor tranquillisers and hippocampal connections -
some behavioural dissociations, In: Sinz R., Rosenzweig M.R. (Eds.),
Psychophysiology, VEB Gustav Fischer Verlag and Elsevier Biomedical
Press, Amsterdam, The Netherlands, 1983

[21] Gray J.A., McNaughton N., The neuropsychology of anxiety: reprise,
In: Hope D.A. (Ed.), Perspectives on anxiety, panic and fear, University
of Nebraska Press, Omaha, NE, USA, 1996, 61-134

[22] Gray J.A., McNaughton N., The neuropsychology of anxiety: an
enquiry into the functions of the septo-hippocampal system, 2nd
ed., Oxford University Press, Oxford, UK, 2000

[23] Gray J.A., McNaughton N., Neural anxiety systems: relevant fault-lines
to trace and treat disorders, Eur. J. Neurosci., 2000, 12, 311

[24] McNaughton N., Gray J.A. Anxiolytic action on the behavioural
inhibition system implies multiple types of arousal contribute to
anxiety, J. Affect. Disord., 2000, 61, 161-176

[25] McNaughton N, ST, The
neuropharmacology of the dorsal ascending noradrenergic bundle
- areview, Prog. Neurobiol., 1980, 14, 157-219

[26] McNaughton N., “Neuropsychology of anxiety”: an enquiry into the

Mason neuropsychology and

functions of septo-hippocampal theories, Behav. Brain Sci., 1982, 5,
492-493

[27] McNaughton N., Is the hippocampus a store, intermediate or
otherwise?, Behav. Brain Sci., 1985, 8, 508-509

[28] McNaughton N., Pharmacological dissection of anxiety in rats,
In: Bond N.W, Siddle D.AT. (Eds.), Psychobiology: issues and
applications, Elsevier, Amsterdam, The Netherlands, 1989

[29] McNaughton N., Anxiety and the septo-hippocampal system, In:
McNaughton N., Andrews J.G. (Eds.), Anxiety, University of Otago
Press, Dunedin, New Zealand, 1990

: . v
Translational Neuroscience VERSITA

[30] McNaughton N., Andrews G., Anxiety: clinical and academic
perspectives, In: McNaughton N., Andrews G. (Eds.), Anxiety, Otago
University Press, Dunedin, New Zealand, 1990, 247-258

[31] McNaughton N., Stress and behavioural inhibition, In: Stanford S.C.,
Salmon P. (Eds.), Stress: an integrated approach, Academic Press, San
Diego, CA, USA, 1993, 191-206

[32] McNaughton N., The role of hippocampal RSA: spatial memory versus
anxiety, In: Abraham W.C,, Corballis M., White K.G. (Eds.), Memory
mechanisms, Lawrence Earlbaum, Hillsdale, NJ, USA, 1995, 129-146

[33] McNaughton N., Cognitive dysfunction resulting from hippocampal
hyperactivity - a possible cause of anxiety disorder, Pharmacol.
Biochem. Behav., 1997, 56, 603-611

[34] McNaughton N., Aminergic transmitter systems, In: D’haenen H.,
Den Boer J.A., Westenberg H., Willner P. (Eds.), Textbook of biological
psychiatry, John Wiley & Sons, London, UK, 2002, 895-914

[35] McNaughton N., The role of the subiculum within the behavioural
inhibition system, Behav. Brain Res., 2006, 174, 232-250

[36] Corr PJ., McNaughton N., Reinforcement sensitivity theory and
personality, In: Corr PJ. (Ed.), The reinforcement sensitivity theory of
personality, Cambridge University Press, Cambridge, UK, 2008, 155-
187

[37] Mitchell D.J., McNaughton N., Flanagan D., Kirk I.J., Frontal-midline
theta from the perspective of hippocampal “theta’; Prog. Neurobiol.,
2008, 86, 156-185

[38] McNaughton N., Trait anxiety, trait fear and emotionality: the
perspective from non-human studies, Pers. Indiv. Differ., 2011, 50,
898-906

[39] McNaughton N., Fear, anxiety and their disorders: past, present and
future neural theories, Psychol. Neurosci., 2011, 4, 173-181

[40] McNaughton N., Zangrossi H., Theoretical approaches to the
modeling of anxiety in animals, In: Blanchard R.J., Blanchard D.C.,
Griebel G., Nutt D.J. (Eds.), Handbook of anxiety and fear, Elsevier,
Amsterdam, The Netherlands, 2014, in press

[41] McNaughton N., Wickens J.R., Hebb, pandemonium and catastrophic
hypermnesia: the hippocampus as a suppressor of inappropriate
associations, Cortex, 2003, 39, 1139-1163

[42] Gray J.A., The psychophysiological basis of introversion - extraversion,
Behav. Res. Ther., 1970, 8, 249-266

[43] Gray J.A., Drug effects on fear and frustration: possible limbic site
of action of minor tranquilizers, In: Iversen L.L., lversen S.D., Snyder
S.H. (Eds.), Handbook of psychopharmacology, Vol. 8, Drugs,
neurotransmitters and behaviour, Plenum Press, New York, NY, USA,
1977,433-529

[44] Blanchard D.C,, Blanchard R.J., Ethoexperimental approaches to the
biology of emotion, Annu. Rev. Psychol., 1988, 39, 43-68

[45] Blanchard D.C., Blanchard R.J., Effects of ethanol, benzodiazepines
and serotonin compounds on ethopharmacological models of
anxiety, In: McNaughton N., Andrews G. (Eds.), Anxiety, University of
Otago Press, Dunedin, New Zealand, 1990, 188-199

[46] Blanchard R.J., Blanchard D.C., Anti-predator defense as models of
animal fear and anxiety, In: Brain P.F.,, Parmigiani S., Blanchard R.J.,

143



e
VERSITA

Mainardi D. (Eds.), Fear and defence, Harwood Academic Press, Chur,
Switzerland, 1990, 89-108

[47]Blanchard R.J.Blanchard D.C., An ethoexperimental analysis of
defense, fear and anxiety, In: McNaughton N., Andrews G. (Eds.),
Anxiety, Otago University Press, Dunedin, New Zealand, 1990

[48] Blanchard R.J., Blanchard D.C.,Weiss S.M., Ethanol effects in an anxiety
/ defense test battery, Alcohol, 1990, 7, 375-381

[49] Blanchard R.J., Blanchard D.C., Weiss S.M., Meyer S., The effects of
ethanol and diazepam on reactions to predatory odors, Pharmacol.
Biochem. Behav., 1990, 35, 775-780

[50]Blanchard D.C.,, Blanchard R.J., Rodgers R.J. Risk Assessment
and animal models of anxiety, In: Olivier B, Mos J., Slangen J.L.
(Eds.), Animal models in Psychopharmacology, Birkhduser, Basel,
Switzerland, 1991

[51]Blanchard R.J., Yudko E.B., Rodgers R.J., Blanchard D.C., Defense
system psychopharmacology: an ethological approach to the
pharmacology of fear and anxiety, Behav. Brain Res., 1993, 58, 155-
165

[52] Griebel G., Blanchard D.C., Jung A., Lee J.C., Masuda CK, Blanchard
R.J., Further evidence that the Mouse Defense Test Battery is useful
for screening anxiolytic and panicolytic drugs: effects of acute and
chronic treatment with alprazolam, Neuropharmacology, 1995, 34,
1625-1633

[53] Blanchard D.C., Griebel G.,RodgersR.J., Blanchard R.J.,Benzodiazepine
and serotonergic modulation of antipredator and conspecific
defense, Neurosci. Biobehav. Rev., 1998, 22, 597-612

[54] Blanchard D.C., Blanchard R.J., Defensive behaviors, fear, and anxiety,
In: Blanchard R.J., Blanchard D.C., Griebel G., Nutt D. (Eds.), Handbook
of anxiety and fear, Elsevier, Amsterdam, The Netherlands, 2008, 63-
79

[55] Blanchard D.C., Griebel G., Pobbe R., Blanchard R.J., Risk assessment
as an evolved threat detection and analysis process, Neurosci.
Biobehav. Rev., 2011, 35, 991-998

[56] Blanchard D.C., Blanchard R.J. Tom P, Rodgers R.). Diazepam
changes risk assessment in an anxiety/defense test battery,
Psychopharmacology (Berl)., 1990, 101, 511-518

[571Blanchard R.J. Blanchard D.C, Rodgers J., Weiss S.M. The
characterization and modelling of antipredator defensive behavior,
Neurosci. Biobehav. Rev., 1990, 14, 463-472

[58] Graeff F.G., Neuroanatomy and neurotransmitter regulation of
defensive behaviors and related emotions in mammals, Braz. J. Med.
Biol. Res., 1994, 27, 811-829

[59] Corr PJ. (Ed.), The reinforcement sensitivity theory of personality,
Cambridge University Press, Cambridge, UK, 2008

[60] Graeff F.G., New perspective on the pathophysiology of panic:
merging serotonin and opioids in the periaqueductal gray, Braz. J.
Med. Biol. Res., 2012, 45, 366-375

[61] Graeff F.G., Del-Ben C.M., Neurobiology of panic disorder: from animal
models to brain neuroimaging, Neurosci. Biobehav. Rev., 2008, 32,
1326-1335

[62] Graeff F.G., Neurotransmitters in the dorsal periaqueductal grey
and animal models of panic anxiety, In: Briley M., File S.E. (Eds.),

Translational Neuroscience

New concepts in anxiety, MacMillan Press, London, UK, 1991, 288-
312

[63] Deakin J., The role of serotonin in depression and anxiety, Eur.
Psychiatry, 1998, 13 (Suppl. 2), 57-63

[64] Holt P, Panic disorder: some historical trends, In: McNaughton N.,
Andrews G. (Eds.), Anxiety, University of Otago Press, Dunedin, New
Zealand, 1990

[65] Friend P, Andrews G. Agoraphobia without panic attacks, In:
McNaughton N., Andrews G. (Eds.), Anxiety, University of Otago
Press, Dunedin, New Zealand, 1990

[66] Barlow D.H., Anxiety and its disorders: the nature and treatment of
anxiety and panic, Guilford Press, New York, NY, USA, 2002

[67] Veltman D.J.,, Van Zijderveld G.A., Van Dyck R., Epinephrine infusions
in panic disorder: a double-blind placebo-controlled study, J. Affect.
Disord., 1996, 39, 133-140

[68] Veltman D.J., Van Zijderveld G., Tilders F.J.H., Van Dyck R., Epinephrine
and fear of bodily sensations in panic disorder and social phobia, J.
Psychopharmacol.,, 1996, 10, 259-265

[69] Veltman D.J., Van Zijderveld G.A., Van Dyck R.,Bakker A., Predictability,
controllability, and fear of symptoms of anxiety in epinephrine-
induced panic, Biol. Psychiatry, 1998, 44, 1017-1026

[70] Farlex, The Free Dictionary (medical dictionary), http://www.
thefreedictionary.com/, “hyperreactivity”

[71]1McNaughton N., Fears and anxieties: a map of your dark side,
University of Otago, Dunedin, New Zealand, 2005, ISSN 1173-8987

[72] Klein D.F.,, False suffocation alarms, spontaneous panics, and related
conditions, Arch. Gen. Psychiatry, 1993, 50, 306-317

[73] Klein D.F,, Testing the suffocation false alarm theory of panic disorder,
Anxiety, 1994, 1, 1-7

[74] Seddon K., Nutt D. Pharmacological treatment of panic disorder,
Psychiatry, 2007, 6, 198-203

[75] Rapoport J.L.,, The biology of obsessions and compulsions, Sci. Am.,
1989, 260, 63-69

[76] McNaughton N., Kelly PH., Gray J.A., Unilateral blockade of the
dorsal ascending noradrenergic bundle and septal elicitation of
hippocampal theta rhythm, Neurosci. Lett., 1980, 18, 67-72

[77] McNaughton N., Sedgwick E.M.,
hippocampal theta rhythm in rats: effects of drugs, Neuroscience,
1978, 3, 629-632

[78] Coop C.F, McNaughton N.,
rhythmical slow activity through serotonin1A rather than dopamine
D2 receptors, Neuroscience, 1991, 40, 169-174

[79] Coop C.F, McNaughton N., Lambie I., Effects of GABAA and GABAB
receptor agonists on reticular-elicited hippocampal rhythmical slow
activity, Eur. J. Pharmacol,, 1991, 192, 103-108

[80] Coop C.F.,, McNaughton N., Scott D.J., Pindolol antagonizes the effects
on hippocampal rhythmical slow activity of clonidine, baclofen and

Reticular stimulation and

Buspirone affects hippocampal

8-OH-DPAT, but not chlordiazepoxide and sodium amylobarbitone,
Neuroscience, 1992, 46, 83-90

[81] Coop C.F, McNaughton N., Warnock K., Laverty R., Effects of ethanol
and Ro 15-4513 in an electrophysiological model of anxiolytic action,
Neuroscience, 1990, 35, 669-674

144



[82] McNaughton N., Coop C.F, Neurochemically dissimilar anxiolytic
drugs have common effects on hippocampal rhythmic slow activity,
Neuropharmacology, 1991, 30, 855-863

[83] Munn R.G.K., McNaughton N., Effects of fluoxetine on hippocampal
rhythmic slow activity and behavioural inhibition, Behav. Pharmacol.,
2008, 19, 257-264

[84] Zhu X.0., McNaughton N., The interaction of serotonin depletion with
anxiolytics and antidepressants on reticular-elicited hippocampal
RSA, Neuropharmacology, 1994, 33, 1597-1605

[85] Zhu X.0., McNaughton N., Effects of long-term administration of
phenelzine on reticular-elicited hippocampal rhythmical slow
activity, Neurosci. Res., 1995, 21, 311-316

[86] McNaughton N., Kocsis B., Hajos M., Elicited hippocampal theta
rhythm: a screen for anxiolytic and pro-cognitive drugs through
changes in hippocampal function?, Behav. Pharmacol., 2007, 18, 329-
346

[87] Yeung M., Treit D., Dickson C.T., A critical test of the hippocampal
theta model of anxiolytic drug action, Neuropharmacology, 2012, 62,
155-160

[88] Yeung M., Dickson C.T., Treit D., Intrahippocampal infusion of the lh
blocker ZD7288 slows evoked theta rhythm and produces anxiolyticX
like effects in the elevated plus maze, Hippocampus, 2012, 23, 278-
286

[89] Engin E., Treit D., Dickson C.T., Anxiolytic- and antidepressant-like
properties of ketamine in behavioral and neurophysiological animal
models, Neuroscience, 2009, 161, 359-369

[90] Siok C.J., Taylor C.P, Hajés M., Anxiolytic profile of pregabalin on
elicited hippocampal theta oscillation, Neuropharmacology, 2009,
56, 379-385

[91] McNaughton N., Ruan M., Woodnorth M.A., Restoring theta-like
rhythmicity in rats restores initial learning in the Morris water maze,
Hippocampus, 2006, 16, 1102-1110

[92] Woodnorth M.A., McNaughton N., Similar effects of medial
supramammillary or systemic injections of chlordiazepoxide on both
theta frequency and fixed-interval responding, Cogn. Affect. Behav.
Neurosci., 2002, 2, 76-83

[93] Young C.K., McNaughton N., Coupling of theta oscillations between
anterior and posterior midline cortex and with the hippocampus in
freely behaving rats, Cereb. Cortex, 2009, 19, 24-40

[94] Neo PS.H., McNaughton N., Frontal theta power linked to neuroticism
and avoidance, Cogn. Affect. Behav. Neurosci., 2011, 11, 396-403

[95] Neo PS.H., Theta activations associated with goal-conflict processing:
evidence for the revised Behavioural Inhibition System, PhD thesis,
University of Otago, Dunedin, New Zealand, 2008

[96] Aron A.R., Poldrack R.A., Cortical and subcortical contributions to stop
signal response inhibition: role of subthalamic nucleus, J. Neurosci.,
2006, 26, 2424-2433

[97]1 Aron A.R., Fletcher P.C., Bullmore E.T. Sahakian B.J., Robbins T.W.,,
Stop-signal inhibition disrupted by damage to right inferior frontal
gyrus in humans, Nat. Neurosci., 2003, 6, 115-116

[98] Aron A.RR., The neural basis of inhibition in cognitive control,
Neuroscientist, 2007, 13, 214-228

: . v
Translational Neuroscience VERSITA

[99] Floden D., Stuss D.T., Inhibitory control is slowed in patients with
right superior medial frontal damage, J. Cogn. Neurosci., 2006, 18,
1843-1849

[100] Logan G.D., Cowan W.B., Davis K.A., On the ability to inhibit simple
and choice reaction-time responses - a model and a method, J. Exp.
Psychol. Hum. Percept. Perform., 1984, 10, 276-291

[101] Carter J.D., Farrow M., Silberstein R.B., Stough C., Tucker A., Pipingas
A., Assessing inhibitory control: a revised approach to the stop signal
task, J. Atten. Disord., 2003, 6, 153-161

[102] Neo PS.H., Thurlow J., McNaughton N., Stopping, goal-conflict, trait
anxiety and frontal rhythmic power in the stop-signal task, Cogn.
Affect. Behav. Neurosci., 2011, 11, 485-493

[103] McNaughton N., Swart C., Neo PS.H., Bates V., Glue P, Anti-anxiety
drugs reduce conflict-specific “theta” — a possible human anxiety-
specific biomarker, J. Affect. Disord., 2013, 148, 104-111

[104] Feighner J.P., Merideth C.H., Hendrickson G.A., A double-blind
comparison of buspirone and diazepam in outpatients with
generalized anxiety disorder, J. Clin. Psychiatry, 1982, 43, 103-
107

[105] Wheatley D. Buspirone: multicenter efficacy study, J. Clin.
Psychiatry, 1982, 43, 92-94

[106] McNaughton N., Chlordiazepoxide and successive discrimination:
different effects on acquisition and performance, Pharmacol.
Biochem. Behav., 1985, 23, 487-494

[107] Zhu X.0., McNaughton N., Effects of long-term administration
of anxiolytics on reticular-elicited hippocampal rhythmical slow
activity, Neuropharmacology, 1991, 30, 1095-1099

[108] Andrews G., Stewart G., Morris-Yates A., Holt P, Henderson S.,
Evidence for a general neurotic syndrome, Br. J. Psychiatry, 1990, 157,
6-12

[109] Spielberger C.D., Gorusch R.L., Lushene R. Vagg PR.Jacobs G.A,,
Manual for the State-trait anxiety inventory (Form Y), Consulting
Psychologists Press, Palo Alto, CA, USA, 1983

[110] Rosenthal R., Rosnow R.L., Contrast analysis, Cambridge University
Press, Cambridge, UK, 1985

[111] Shadli S.M., McNaughton N., Optimising a biomarker for anxiety:
auditory and visual stop signals are different, Australasian winter
conference on brain research book of abstracts, 2013, 31, 47-48

[112] Cornwell B.R., Arkin N., Overstreet C., Carver FW., Grillon C., Distinct
contributions of human hippocampal theta to spatial cognition and
anxiety, Hippocampus, 2012, 22, 1848-1859

[113] Ekstrom A.D., Caplan J.B,, Ho E., Shattuck K., Fried I., Kahana M.J.,
Human hippocampal theta activity during virtual navigation,
Hippocampus, 2005, 15, 881-889

[114] Newton R.E., The side effect profile of buspirone in comparison to
active controls and placebo, J. Clin. Psychiatry, 1982, 43, 100-102

[115] Baldwin D.S., Ajel K., Masdrakis V.G., Nowak M., Rafiq R., Pregabalin
for the treatment of generalized anxiety disorder: an update,
Neuropsychiatr. Dis. Treat., 2013, 9, 883-892

[116] Murray C.J.L,, Lopez A.D., Global health statistics: a compendium
of incidence, prevalence, and mortality estimates for over 200
conditions, Harvard University Press, Boston, MA, USA, 1996

145



T~

e : .
VERSITA Translational Neuroscience

[117] Penninx B.W.J.H., Nolen W.A,, Lamers F, Zitman F.G. Smit JH., [118] Roy-Byrne PP, Stang P, Wittchen H.U, Ustun B., Walters E.E.,

Spinhoven P, et al., Two-year course of depressive and anxiety Kessler R.C., Lifetime panic-depression comorbidity in the National
disorders: results from the Netherlands Study of Depression and Comorbidity Survey - association with symptoms, impairment,
Anxiety (NESDA), J. Affect. Disord., 2011, 133, 76-85 course and help-seeking, Br. J. Psychiatry, 2000, 176, 229-235

146





