Mechanisms of Action in the Treatment of Anxiety

Richard C. Shelton, M.D., and Laurel L. Brown, Ph.D.

Anxiety and depressive disorders share many features, suggesting a common set of physiologic
substrates. Recent research has indicated that mood can be categorized into 3 components by factor
analysis: (1) somatic anxiety (afactor relatively specific to panic disorder), (2) anhedonic depression
(which includes symptoms related to motivation and enjoyment and found to be specific to depres-
sion), and (3) general distress (afactor that cuts across all depressive and anxiety disorders studied).
Antidepressant drugs, particularly serotonin reuptake inhibitors and serotonin receptor modulators,
are effective for awide variety of anxiety and depressive disorders. The impact on both anxiety and
depression may be aresult of an effect on acommon set of physiologic targets relevant to the general
distress dimension. At a cellular level, the antidepressants target components of the stress-adaptation
system in‘brain, which may explain these common effects. On the other hand, there appear to be dif-
ferencesin therelativeimpact of serotonergic and noradrenergic drugs on the spectrum of distress and
motivational symptoms. Basic research and clinical research suggest that serotonergic agents may be
preferentially effective for symptoms of general distress, whereas catecholaminergic agents may tar-

get anhedonic depression symptoms.

A better understanding of both the fundamental na-
ture of anxiety disorders and the ways in which
they relate to depressive disorders is essential in order to
achieve full syndromal remission in the anxiety disorders.
Anxiety and depressive disorders share certain common
features, but maintain unique characteristics as well.
Shared symptom features suggest a final common path-
way of symptom expression between the anxiety and de-
pressive disorders. A better understanding of such shared
features would likely lead to a better understanding of
both the fundamental physiopathology and treatment re-
sponse of these disorders.

Most antidepressant drugs are not limited in their scope
of action to depressive disorders. Clearly, these drugs, es-
pecially the serotonin reuptake inhibitors and serotonin re-
ceptor modulators, are broadly effective for arange of de-
pressive and anxiety disorders. We would posit that this
suggests that serotonergic antidepressants act on a set of
mechanisms that are common to the full range of anxiety
and depression. In this article, we will first review litera-
ture (mostly from the field of experimental psychology)
that informs our current thinking about the nature of
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mood. We then will discuss possible mechanisms of action
of antianxiety and antidepressant drugs. The biological
mechanisms underlying anxiety and the mechanisms of
action of antianxiety drugs have been reviewed exten-
sively elsewhere and will not be the focus of discussion
here.**Rather, the focus will be on theinterface of anxiety
and depressive disorders and the actions of antidepressant
drugson these conditions.

THE ANXIETY-DEPRESSION CONTINUUM

Theinterface between anxiety and depressive disorders
often isan area of ‘confusion for clinicians and researchers
alike. Thisis dueto several factors. While it seems clear
that anxiety and depression are distinct constructs, it also
is apparent that there is a significant overlap in symp-
toms.®” This overlap is exemplified in the proposed mixed
anxiety and depression syndrome, in which there is suffi-
cient overall symptomatology to impair-function, but full
diagnostic criteria for either an anxiety or depressive dis-
order are not met.®° Moreover, there is a-high degree of
comorbidity between diagnoses, such that having any one
diagnosis significantly enhances the likelihood of having
another. Curiously, diagnostic comorbidity is greater be-
tween the anxiety and depressive disorders than within the
anxiety disorder continuum.* For example, estimates for
the comorbidity of depressive disorders with generalized
anxiety disorder run as high as 70%.%° Finally, both anxi-
ety and depressive disorders share similar responses to
both pharmacologic and psychotherapeutic treatments.
More specifically, treatments for any one anxiety or de-
pressive disorder often are effective for a variety of disor-
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ders within the continuum. For example, serotonin reup-
take inhibitors appear to be ailmost globally effective for
anxiety and depressive disorders. Furthermore, cognitive-
behavioral therapy (CBT) or thevariationson CBT clearly
reduce symptoms in most of these disorders. When treat-
ment is effective, there often is joint remission of syn-
dromes. When one disorder improves or remits, any co-
morbid disorder also seems to improve concomitantly.™*?

Nosologically, there are a variety of possibilities that
may explain this overlap. One possibility is a shared
diathesis (i.e., continuum model). Considering possible
genetic and environmental influences, this model would
posit a limited set of diatheses that produce a range of
symptoms. Multiple sclerosis, a condition with a limited,
well-defined physiopathology but a variety of symptoms,
isan example of adisorder for which this particular model
might be useful. Under this model, any diagnostic distinc-
tions would be considered artificia or epiphenomenal.

A second perspective might propose that there are mul-
tiple discrete and unrelated disorders. The co-occurrence
of 2 or more disorders, then, would have at least 2 expla-
nations. First, any shared characteristics could represent
minor or trivial components of the individual disorders
and be unrelated to their essential features. An.example of
this would be headache associated with migraine versus a
brain tumor, 2 disorders with entirely different causes but
with similar symptoms. Second, the presence of one disor-
der could simply increase the risk of developing another
disorder in the continuum. The usefulness of this model
can be seen in the case of HIV/AIDS and Pneumocystis
carinii pneumonia. One disorder increases the risk of de-
veloping another, but the 2 disorders are etiologically dis-
tinct. Support for this model with respect to anxiety and
depressive disorders is the often-observed sequential de-
velopment of comorbid disorders; that is, there often isan
initial (or primary) diagnosis that is followed in time by
the development of one or more additional disorders.

A final explanatory model is one in which there is true
overlap; that is, there are unique syndromes that have
shared features. Such amodel would suggest that the joint
characteristics share afinal common pathway of physiopa-
thology. For example, connective tissue diseases like lu-
pus and rheumatoid arthritis have unique characteristics as
well as common or shared features and often respond to
similar treatments.

There are, therefore, at least 3 models that might de-
scribe the relation between anxiety and depressive syn-
dromes (Figure 1): (1) Thediscrete or risk model in which
all the disorders are distinct from one another and similari-
ties either are epiphenomenal or are related to the fact that
one disorder increasestherisk of developing asecond one;
(2) The continuum (or shared diathesis) model in which
there would be a limited number of causes that are com-
mon to all the disorders; and (3) The shared model in
which there are certain joint features (and, presumably, a
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Figure 1. Nosologic Models of the Anxiety-Depression
Continuum?®
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3Adapted in part from Frances et al.*

common physiopathology for those characteristics) as
well as unique characteristics that separate the disordersin
meaningful ways.

THE EVIDENCE FOR A SHARED
MODEL OF DEPRESSION AND ANXIETY

The bulk of research evidence suggests that depressive
and anxiety disorders are distinct disorders. Watson et
al . ® captured the state of affairs well when they stated:
“Anxiety is centered on the emotion of fear and involves
feelings of worry, apprehension, and dread; in contrast,
depression is dominated by the emotion of sadness and is
associated with _feelings of sorrow, hopelessness, and
gloom. Nevertheless, despite their seeming distinctive-
ness, it has proven difficult to distinguish these constructs
empirically.” Using factor analysis of mood ratings, Clark
and Watson'* proposed a 3-factor or tripartite model of
mood (Figure 2). The first element of this model focuses
on symptoms of physical arousal (somatic anxiety) that
appear to be specific to the anxiety disorders, particularly
to panic disorder. The second component involves low
levels of positive emotion such as pleasure, motivation,
and sociability (referred to as “anhedonic depression” or
“positive affect”). These appear to be specific to depres-
sive disorders. The final factor involves a broad category
of negative emotions (general distress) that are common to
both anxiety and depressive disorders.

In order to test this model, Watson and colleagues™®*°
evaluated a large group of both normal volunteers and pa-
tients with a broad range of anxiety, depressive, and sub-
stance abuse disorders using the Mood and Anxiety Symp-
tom Questionnaire (MASQ). The MASQ is a self-report
instrument in which participants endorse the presence or
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Figure 2. The Tripartite Model of Mood®
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absence, aswell astheintensity, of various mood and anx-
iety symptoms. The data gathered using the MASQ were
subjected to a best-fit factor analysis, in which avariety of
possiblefactor solutionswere considered. As predicted, the
factor analysis supported the tripartite model with the 3
proposed dimensions of somatic anxiety, anhedonic depres-
sion, and general distress.

These factor solutions are related to the fact that symp-
tomswere strongly correlated within each factor; thatis; if
one symptom was present within afactor, other symptoms
within that factor were also more likely to be present. Fur-
ther, there also appears to be coherence of intensity; that
is, when a given symptom worsens, other symptomswithin
that component also tend to worsen. Finally, the 3 factors
appear to be orthogonal. Correlations across dimensions
are significantly lower than those within adimension.

The somatic anxiety factor includes symptoms, such as
tachycardia, tachypnea, dizziness, and tremor, that map
closely onto symptoms of panic. Additionally, somatic anx-
iety symptoms can be seen normally under conditions of
threat, or with exposure to aphobic stimulus. Alternatively,
the anhedonic depression factor includes mood states
such asfeeling up, lively, energetic, confident, cheerful, so-
ciable, talkative, or optimistic. The factor loading for gen-
eral distress includes symptoms that are typically associ-
ated with anxiety disorders, such asfeeling tense, on edge,
restless, or keyed up; being afraid of losing control or
going crazy; worry; and rumination. However, this general
distress category also includes symptoms commonly asso-
ciated with depression, such asfeeling down, sad, discour-
aged, hopeless, disappointed, dissatisfied, and tearful and
having problems with concentration.***> Therefore, the
general distressfactor represents the set of symptoms com-
mon to anxiety and depressive disorders.

Thistripartite model was supported in astudy by Brown
et al.” of another broad group of subjects with well-defined
depressive and anxiety disorders. This study tested a
variety of competing models using a structural modeling
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method and used awide variety of symptom measurements.
When the components of the tripartite model were exam-
ined in the anxiety and depressive disorders, general distress
loaded on all diagnoses (depression, generalized anxiety
disorder, panic disorder, obsessive-compulsive disorder,
and socia phobia). Somatic anxiety, on the other hand,
loaded only on panic disorder, as predicted by the model.
The positive affect component (anhedonic depression)
loaded inversely on both depression and social phobia. It
appears, then, that the positive aff ective component captures
elements associated specifically with depression and, pos-
sibly, the social withdrawal associated with social phobia.
These and similar data offer strong support for the
shared or true overlap model of depressive and anxiety
psychopathology involving the category of general distress.
In summary, this model proposes that there exists a subset
of symptoms that are shared between depressive and anxi-
ety disorders and separate symptom clusters that appear to
distinguish them. The sharing of general distress symptoms
suggests that there may also exist acommon set of genetic
vulnerabilities or afinal common physiologic pathway that
cuts across diagnostic categories. The fact that a range of
anxiety and depressive disorders respond to serotonin reup-
take inhibitors/serotonin receptor modul ators may relate to
the impact of these drugs on a common set of symptoms.
From this perspective, comorbidity might be better un-
derstood by considering relatively independent vulnerabil -
ity factors that might operate at various points in time over
the life span. Interestingly, trait or personality dimensions
such as harm avoidance or neuroticism appear to confer
increased risk for both depressive and anxiety disorders and
track closely to the general distress dimensions of mood.®*®
Therefore, vulnerability to general distress may be achronic
trait, with periods of anhedonia or somatic anxiety super-
imposed, resulting in comorbid diagnoses. If thisisin fact
the case, successful treatment of the general distress com-
ponent would be expected to reduce the overall intensity of
symptoms of both anxiety and depressive disorders.

THE CELLULAR EFFECTS
OF ANTIDEPRESSANT DRUGS

Antidepressant drugs, particularly the serotonin reup-
take inhibitors and serotonin receptor modulators, appear
to be effective for the treatment of anxiety and depressive
disorders.**° These findings have recently been further
supported by the demonstration of the effectiveness of the
serotonin-norepinephrine reuptake inhibitor venlafaxine
extended release for generalized anxiety disorder (GAD).**
It should also be noted that other serotonin reuptake inhibi-
tors and serotonin receptor modulators, aswell astricyclics
and monoamine oxidase inhibitors, have been shown to
have effect in GAD and other anxiety disorders.* Since
the data presented above indicate that there is a set of
symptoms common to both anxiety and depressive disor-
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ders, is there evidence to indicate that a set of pharmaco-
logic responses might also relate to these specific, com-
mon symptoms?

Antidepressants modul ate receptor-dependent activation
of neuronal signal transduction cascades linked to seroto-
nin, norepinephrine, and dopamine.? These cascades, in
turn, appear to modulate the expression of specific genes
and their protein products. Relevant to the ideas presented
above, antidepressant treatments have been shown to en-
hance steady-state messenger RNAs (mRNAS) for glu-
cocorticoid receptors (GRs) and mineralocorticoid recep-
tors (MRs),?*2* brain-derived neurotrophic factor (BDNF)
and its receptor trkB,? and preproenkephalin® and to re-
duce the mMRNA expression for corticotropin-releasing hor-
mone (CRH).%?* The hypothalamic-pituitary-adrenal axis
plays akey rolein the modulation of the neuronal response
to stress. Therefore, the importance of the effects of anti-
depressants on GR, MR, and CRH levels might explain
some of the common effects of antidepressants in anxiety
and depressive disorders.? Their effects on BDNF, anerve
growth factor involved in the differentiation and survival
of neurons in brain,®% may also be of importance in this
regard. Interestingly, in an animal model. of depression,
BDNF appears to reduce symptoms of learned helpless-
ness.?® These findings support the notion that antidepres-
sants activate a group of integrative stress-adaptational
mechanisms, which, together, may account for their broad
set of therapeutic actions.?2%26232\When viewed from
this perspective, it becomes easier to envision how antide-
pressant drugs might produce therapeutic effects in both
anxiety and depressive disorders.

However, it remains to be seen whether these actions
are common to all antidepressants and whether there may
be differences in the scope of therapeutic effects between
drugs. The impact of serotonin reuptake inhibitors and se-
rotonin receptor modulators in disorders of genera dis-
tress such as depression, GAD, or conditions involving
somatic anxiety (i.e., panic disorder, social phobia) is evi-
dent from clinical research.’8?|t is further supported by
aprodigious literature on the modulation of anxiety in the
central nervous system by serotonin and serotonergically
active drugs.®***" Therefore, the combination of basic and
clinical research would predict that serotonin reuptake
inhibitors and serotonin receptor modulators (including
drugs such as nefazodone, mirtazapine, and buspirone)
would be effective in reducing general distress and so-
matic anxiety.

On the other hand, the anhedonic depression (positive
affectivity) component appears to be relatively specific to
depressive disorders.”**** Therefore remission of depres-
sion (and remission of anxiety disordersthat are comorbid
with depression) should also involve normalization of the
anhedonic depression domain.

The effects of antidepressant drugs on positive affect,
however, appear to be somewhat complex. For instance,
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elements of positive affectivity, such as arousal, alertness,
pleasure, and motivation, appear to be substantially regu-
lated by the actions of norepinephrine and dopamine in
areas of the brain such as nucleus accumbens or frontal cor-
tex.%** Serotonin has a complex role in regulating fore-
brain catecholamine (particularly dopamine) activity. De-
pending on the receptor subtype involved, serotonin can
either activate or inhibit dopaminergic activity. Although
theresearch in thisareais controversial, serotonin 1A, 1B,
and 2A receptors appear to activate dopamine release,
while 2B and 2C receptors appear to be inhibitory.*** The
effects of serotonergic drugs on dopaminergically medi-
ated positive affectivity are, therefore, difficult to predict.

On the other hand, some findings suggest that relatively
selective serotonin reuptake inhibitors inhibit prefrontal
dopamine activity®** and dopaminergically mediated be-
haviors,®8 although at least one study failed to replicate
these findings.*® In any case, the bulk of evidence would
indicate that relatively selective serotonin reuptake inhibi-
tors (what we might refer to as “unopposed serotonin”)
would be inhibitory to forebrain dopamine and, by impli-
cation, positive affectivity. Alternatively, catecholaminer-
gicaly active antidepressants, or drugs with mixed and
potent serotonin and catecholamine effects, might be ex-
pected to enhance positive affectivity via frontal and ac-
cumbens pathways.

This notion has been supported by work of | chikawaand
colleagues™ in which rats were administered either therela-
tively selective serotonin reuptake inhibitor fluoxetine or
the mixed norepinephrine and serotonin reuptake inhibitor
imipramine for 24 to 28 days. By using in vivo microdi-
alysis, extracellular dopamine levels were measured in the
nucleus accumbens. In comparison to a vehicle-treatment
control, chranic imipramine administration enhanced ac-
cumbens dopamine, whereas levels were somewhat de-
creased by fluoxetine: These investigators concluded that
the effects of these 2 medications on frontal dopamine ac-
tivity could not be the basis for their shared antidepressant
effects. However, these findings do offer support for the
notion that these drugs work via shared effects on seroto-
nergicaly mediated symptoms (i.e., general distress) but
may produce differential effects on catecholaminergically
regulated symptoms such as anhedonic depression.

The enhancement or broadening of the therapeutic ef-
fects of antidepressants by multiple mechanisms of action
also has been demonstrated by studies evaluating the ef-
fects of combining noradrenergic and serotonergic antide-
pressants. This approach appears to enhance therapeutic
response in some patients who have not responded to ei-
ther individual agent. For example, Nelson®® has shown
that adding desipramine, a potent and selective norepi-
nephrine reuptake inhibitor, appears to augment the effects
of fluoxetine. These relatively selective effects of seroto-
nin- and norepinephrine-acting antidepressants on symp-
toms of general distress (i.e., the common set of anxiety
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and depressive symptoms) and anhedonic depression (the
symptoms that are fairly unique to depression) have been
emphasized recently by Stahl .5

In summary, anxiety and depressive disorders, clearly,
represent a complex set of symptom types and neurobio-
logical substrates. Certain features, particularly those in-
volving general distress, are substantially shared across
the spectrum of these disorders. Antidepressant medica-
tions appear to exert common effects on symptoms of gen-
eral distress across the anxiety-depression spectrum. How-
ever, these medications may produce unique but variable
actions on positive affectivity. Further research is needed
to further elucidate these conceptsin clinical settings.

Drug names: buspirone (BuSpar), desipramine (Norpramin and others),
fluoxetine (Prozac), mirtazapine (Remeron), nefazodone (Serzone),
venlafaxine (Effexor).

Disclosure of off-label usage: The authors of this article have deter-
mined that, to the best of their knowledge, desipramine is not approved
by the U.S. Food and Drug Administration to augment SSRIs.
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