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Introduction
The current standard of care for anxiety disorders is to offer
behavioral therapy and pharmacotherapy. Despite the
general success of first-line pharmacologic treatments, no
single drug seems to be effective for all patients with anxiety
disorders. In obsessive-compulsive disorder (OCD), for
example, approximately 50% of patients respond to an
adequate drug trial with a mean decrease of 25% to 35% of
symptoms. Low recovery rates have been reported in all anxi-
ety disorders. Clearly, it would be immensely valuable to
select patients at the beginning of treatment to target specific
strategies and enhance treatment outcome. In this review, we
report on recent literature that has investigated potential
predictors of pharmacologic treatment in OCD, social
anxiety disorder (SAD), panic disorder (PD), and post-
traumatic stress disorder (PTSD). Prediction of treatment
response may be based on 1) demographic and clinical
variables such as age of onset of disease or clinical subtypes,

2) neurochemical and electrophysiological parameters such
as plasma serotonin levels or event related potentials,
3) imaging studies such as positron emission tomography
(PET) using brain glucose utilization, and 4) genetic markers.

Obsessive-compulsive Disorder
The current medications of choice for OCD are clomi-
pramine and selective serotonin reuptake inhibitors
(SSRIs), which allow 50% to 60% of patients to attain a
moderate (25% to 45%) improvement in symptoms [1••].
A responder usually is defined as having a Clinical Global
Impression (CGI) scale score of 1 (“very much improved”)
or 2 (“much improved”) and/or a decrease of 25% to 35%
on the Yale-Brown Obsessive-compulsive Scale [2,3].

Demographic and clinical variables
In the past, numerous studies have reported on the predictive
value of demographic and clinical variables in response to
SSRIs, but conclusions are equivocal and often contradicting
[4•]. Recent studies have suggested that a symptom-based
dimensional approach may prove to be valuable in identify-
ing significant predictors of treatment response [5]. For
instance, some studies have shown that patients with hoard-
ing symptoms and patients with sexual and/or religious and
somatic obsessions respond worse to serotonin reuptake
inhibitors (SRIs) [6]. A common theme in these OCD symp-
tom subtypes is the pronounced ego-syntonic nature with
lack of insight, and a poorer motivation for treatment.
Neziroglu et al. [7] reported a poorer outcome in the pres-
ence of overvalued ideation, and Ravi et al. [8] found poor
insight (high baseline Brown Assessment of Beliefs Scale
scores) to be highly predictive of poor treatment response.
Denys et al. [4•] developed an easily applicable prediction
method based on the joint predictive value of several clinical
characteristics that can be evaluated at the beginning of the
pharmacologic treatment. The absence of previous pharma-
cotherapies, moderate baseline severity of obsessive-compul-
sive symptoms (Yale-Brown Obsessive-compulsive Scale
score < 23), and low Hamilton Depression scale (HAM-D)
scores (6 to 15) were found to be prognostic determinants of
good response to pharmacotherapy.

Neurochemical and neurophysiologic markers
Since the origin of the serotonin hypothesis in OCD, there
has been a search for direct links between serotonin (5-HT)
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concentrations and treatment response with SRIs. Elevated
5-HIAA concentrations in cerebrospinal fluid and higher
platelet and whole blood 5-HT concentrations at baseline
have been associated with a better clinical outcome after
pharmacotherapy. Delorme et al. [9] confirmed recently in
a small sample (n = 19) a positive relationship between
pretreatment whole blood 5-HT concentrations and good
response to SRIs. Bareggi et al. [10] found that plasma
citalopram concentrations may be related to the clinical
response in responders, but do not seem to account for the
lack of clinical effect in nonresponders. Earlier reports have
shown that baseline quantitative electroencephalography,
such as increased alpha and beta activity, may predict bet-
ter treatment outcome with SRIs, whereas nonresponders
show decreased delta and theta activity [11•]. Recently,
Hansen et al. [12] showed in a sample of 20 patients that
responders had a strong baseline alpha activity that was
normalized after paroxetine treatment. Relatively few
patients have been studied with quantitative electroen-
cephalography, and results need to be confirmed in larger
samples. No study has been published since 1998 that
relates event-related potentials to treatment outcome.

Neuro-imaging
Rauch et al. [13] found in contamination-related patients
with OCD that lower pretreatment PET measures of
regional cerebral blood flow (rCBF) within the orbitofron-
tal cortex and higher rCBF levels within the posterior
cingulate cortex predicted symptom improvement after
fluvoxamine treatment. The inverse relation between
pretreatment rCBF in the orbitofrontal cortex and symp-
tom improvement is remarkably consistent with results
from three previous studies using clomipramine, fluoxet-
ine, and paroxetine [11•]. However, Saxena et al. [14]
observed with PET regional cerebral glucose uptake (rCM-
Rglu) scans a significant correlation between higher pre-
treatment metabolism in the right caudate and symptom
improvement after paroxetine treatment. They suggested
that higher glucose metabolism reflects a greater release of
glutamate in the caudate, which confirms an earlier finding
reported by Rosenberg et al. [15]. With the same technique,
Saxena et al. [14] also studied patients with SRI-refractory
illness treated with adjunctive risperidone, and reported
higher pretreatment rCMRglu in the right orbitofrontal
cortex and bilateral thalamus in responders, but lower pre-
treatment rCMRglu in left parietal and bilateral dorsolat-
eral prefrontal cortices. An important implication of this
finding is that responders to an addition of atypical anti-
psychotics (patients with treatment-refractory OCD) may
have different and opposite neurochemical underpinnings
than responders to SRIs [11•].

Carey et al. [16] used hexamethylphosphoramide
single photon emission computed tomography (SPECT)
before and after a 12-week inositol treatment and found
higher baseline perfusion levels in the left medial prefron-
tal region in responders. Hendler et al. [17] used a similar

technique before and after a 6-month treatment with
sertraline during a provoked symptomatic state and a
relaxed condition. Responders showed significantly lower
brain perfusion in the dorsal-caudal anterior cingulum and
higher brain perfusion in the right caudate when com-
pared with nonresponders during symptom provocation
only. When pre- and posttreatment scans during symptom
provocation were compared, responders showed increased
perfusion in the left anterior temporal cortex and prefron-
tal cortex at 6 months' treatment.

In children with OCD, Castillo et al. [18] failed to
detect baseline differences in rCBF with SPECT between
responders and nonresponders after a 6-month clomi-
pramine treatment, as did Diler et al. [19] after a 12 weeks
treatment with paroxetine. Similarly, Szeszko et al. [20]
failed to relate response to a 16-week paroxetine trial with
amygdala volume changes.

Genetic markers
The paucity of pharmacogenetic research in OCD stands in
sharp contrast with the abundance of genetic association
studies. Three previous studies have investigated the role
of the promoter region of the serotonin transporter gene
(5-HTTLPR) and treatment response in OCD. McDougle
et al. [21] found a trend for an association of the L-allele
with poorer response to SRIs (clomipramine, fluvoxamine,
fluoxetine, sertraline, and paroxetine) in a sample of 33
patients. Billet et al. [22] examined 72 patients retrospec-
tively after a 10-week trial with SRIs and found no associa-
tion; Di Bella et al. [23] failed to find a relation between
response and 5-HTTLPR genotypes in a sample of 99
patients after 12 weeks of standardized fluvoxamine treat-
ment. Pharmacogenetic studies are an unmet need in
OCD, particularly given the success of addition trials with
atypical antipsychotics [24].

Social Anxiety Disorder
Various drugs have been shown to be effective in SAD,
including monoamine oxidase inhibitors, reversible
monoamine oxidase inhibitors, benzodiazepines, and
anticonvulsants, but first-line treatment of SAD currently
consists of SSRIs, which allow 50% of patients with SAD to
respond, with a mean decrease of symptoms of approxi-
mately 35% to 40% [25]. Response commonly is defined
as a CGI improvement score of 1 (“very much improved”)
or 2 (“much improved”) and/or a reduction on the fear/
anxiety subscales of the Liebowitz Social Anxiety Scale by
50% or more.

Demographic and clinical variables
Versiani et al. [26] were among the first to evaluate treat-
ment response in SAD, showing that alcohol abuse is a pre-
dictor of nonresponse to tranylcypromine. A follow-up
study with moclobemide replicated this finding and also
reported that high anxiety and depression scores were
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predictive for good treatment response, whereas avoidant
personality disorder (APD) predicted poor outcome [27].
However, in a clonazepam trial, a low level of pretreatment
illness severity predicted better treatment response. Other
variables such as gender, comorbidity, and duration of
illness had no predictive value [28,29]. Sutherland et al.
[30] found that older patients (older than 35 years) with
SAD showed greater treatment effect after treatment with
gabapentin. Numerous treatment studies looked for pre-
dictors of response with SRIs. Slaap et al. [31] showed that
higher Hamilton Anxiety scale and HAM-D scores, and
higher scores on the Symptom Checklist-90 (anxiety and
interpersonal subscales) were indicative of nonresponse in
a fluvoxamine and brofaromine comparison trial. In con-
trast, Montgomery [32] reported that patients with more
severe SAD respond better to paroxetine treatment than do
patients with moderate SAD.

The distinction between generalized and nongeneral-
ized forms of SAD has received much attention with regard
to pharmacotherapy and treatment response. Should
generalized and nongeneralized forms of SAD be treated
the same way? Stein et al. [33,34] pooled data from three
paroxetine trials and found that paroxetine was equally
effective in generalized and nongeneralized SAD, but
responders were treated significantly longer compared
with nonresponders. In a recent study, van Ameringen et al.
[35] found that people with later onset tended to have a
better response to treatment (which may not be explained
by illness duration). Other variables such as age, gender,
heart rate, blood pressure, symptom severity, disability,
marital status, employment status, years of education, and
comorbid APD had no predictive value in these studies.
Another diagnostic issue is the high degree of overlap
between the Diagnostic and Statistical Manual of Mental
Disorders criteria of SAD and APD. Oosterbaan et al. [36]
investigated the predictive value of APD in a trial compar-
ing moclobemide, placebo, and cognitive therapy. As
expected, he confirmed that patients with comorbid APD
had a slightly slower onset of response to treatment, but
this effect disappeared at 15-month follow-up.

Neurochemical and neurophysiologic markers
In the aforementioned study by Slaap et al. [31], higher
heart rate and blood pressure levels characterized non-
responders to fluvoxamine. This finding parallels observa-
tions in PD, and suggests that nonresponders with PD and
SAD have a disturbed autonomous nervous system,
although Stein et al. [33] failed to replicate this finding in a
sample of 829 patients with SAD.

Neuro-imaging
In a SPECT study, van der Linden et al. [37] found that
treatment with citalopram led to significantly reduced
activity in the left anterior and lateral temporal cortices, the
left midfrontal cortex (anterior, lateral, and posterior
parts), and the left cingulum. Nonresponders had higher

activity at baseline in the anterior and lateral parts of the
left temporal cortex and the lateral part of the left midfron-
tal regions compared with responders. In a study by
Furmark et al. [38], rCBF was assessed by means of PET in
18 patients with SAD during an anxiogenic public speak-
ing task before and after a 9-week citalopram trial, cogni-
tive behavioral therapy, or a waiting list. Symptom
improvement in both treatment groups, but not in the
waiting list group, was accompanied by a decreased rCBF-
response to the public speaking task in the amygdala,
hippocampus, and the neighboring rhinal, parahippocam-
pal, and periamygdaloid cortices. Favorable outcome after
1-year follow-up was associated with a greater initial atten-
uation of the subcortical rCBF.

Genetic markers
To the best of our knowledge, no studies using genetic
markers as predictors for treatment response in SAD have
been published.

Panic Disorder
Tricyclic antidepressants and SSRIs are equally effective in
reducing the severity and number of panic attacks [39,40].
Because SSRIs have fewer side effects, they are the preferred
choice of medication, leading to response rates of approxi-
mately 70% [41••]. In PD, response usually is defined as a
panic-free period of 1 week or more, whether or not com-
bined with a decrease in the Panic Disorder Severity Scale,
the Hamilton Anxiety scale, or the Fear Questionnaire.

Demographic and clinical variables
Numerous previous treatment studies have used baseline
variables to predict treatment outcome in PD. Although
demographic variables, such as gender, age, and marital
status often failed to show predictive value, one general
consistent finding held up. More severely ill patients,
defined by greater symptom severity, higher avoidance, and
more comorbid disorders, have a lower chance of respond-
ing to treatment (for an excellent review, see Slaap et al.
[41••]). In a recent study, Berger et al. [42] showed that
response to paroxetine is poorer and slower in patients
with a personality disorder or comorbid social phobia. A
good predictor of endpoint remission status, which is an
absence of panic attacks and a CGI score of 1 or 2, was the
time of onset of response (a response at weeks 1, 2, and 3)
[43]. A large naturalistic multicenter study in a group of
primary care patients with PD was done to elucidate pre-
dictors of treatment response, defined as a 40% or greater
decrease on the Panic Disorder Severity Scale [44].
The following factors were related to response: higher
economic status (measures of income, employment, and
ethnicity), better physical condition (measures of medical
comorbidity, hospitalizations, and ER visits), and lower PD
severity (measured by total phobia and agoraphobia
scores). A surprising finding has been reported by Slaap et
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al. [45]: one of the best predictors of nonresponse was a
high baseline score on the blood-injury phobia subscale of
the Fear Questionnaire. This finding was replicated by
Overbeek et al. in 2004 [46] and explained as an expres-
sion of disturbed autonomous nervous system functioning
or comorbid hypochondriac symptoms. Another good pre-
dictor of pharmacotherapy response seems to be the num-
ber of years of experience of the treating physician [47].

Neurochemical and neurophysiologic markers
Panic attack symptoms such as palpitations, chest pain, and
shortness of breath are clearly linked to the autonomous ner-
vous system (ANS). Slaap et al. [48] investigated the ANS
functioning by measuring heart rate variability (HRV) and
found that nonresponders to a 12-week treatment of mir-
tazapine showed a reduced HRV, which designates a
decreased output of the ANS. However, Baker et al. [49] failed
to find an effect of HRV on treatment response, but observed
a normalization of sleep pattern in responders to clon-
azepam and placebo. Valença et al. [50,51] showed that
patients taking clonazepam were less sensitive to the CO2-
challenge test (responded less frequently with a panic attack)
and that this effect was related to clinical improvement.

Neuro-imaging
Currently, there are no neuro-imaging studies that have
predicted treatment outcome in PD.

Genetic markers
Except for Woo et al. [52,53], who showed that the cate-
chol-O-methyltransferase L/L genotype in patients with PD
is associated with poor treatment response to paroxetine,
no other study has been done regarding the predictive
power of genetic markers in pharmacotherapy.

Posttraumatic Stress Disorder
First-line medication for PTSD treatment consists of SSRIs.
Because many patients do not respond, combinations with
other antidepressants or with other classes of psychotropic
medication often are prescribed. Clinical response to treat-
ment in PTSD usually is defined as a CGI-I rating of 1 or 2
and/or a decrease of 30% or greater in Clinician Adminis-
tered PTSD Scale scores.

Demographic and clinical variables
Several studies [54–57] have suggested that SSRIs are more
effective in civilian patients compared with combat veterans.
Numerous explanations for this finding have been proposed
such as gender, severity of illness, age, comorbidity with
mood disorder, substance abuse, and previous treatments.
Pooled data of six open-label nefazodone trials [58] showed
higher response rates for the civilian trauma patients com-
pared with the combat veterans. Predictors of response in
this study were younger age, female gender, and civilian
trauma. Martenyi et al. [55] found in a double-blind,

placebo-controlled treatment study with fluoxetine a more
favorable outcome in patients who were male, white,
younger than 45 years old, suffered from combat-related
trauma, had more than one traumatic event, and had no dis-
sociative symptoms. In an open-label study comparing topi-
ramate as monotherapy or augmentation therapy in civilian
patients, Berlant [59] found that none of his predictors
(bipolar comorbidity, duration of symptoms, age at onset,
age, or gender) were significantly associated with symptom-
reduction. Davidson et al. [60] examined the predictive value
of improvement after sertraline treatment on anger out-
bursts, which are a prominent clinical feature in combat vet-
erans with PTSD. They found that an increase in anger
outbursts at week 1 predicted the likelihood of nonresponse.

Neurochemical and neurophysiologic markers
No studies using neurochemical or neurophysiologic markers
as predictors for treatment response were found in PTSD.

Neuro-imaging
Recently, Seedat et al. [61] performed SPECT scans in
patients with PTSD before and after 8 weeks of treatment
with citalopram. Although a significant deactivation in the
left medial temporal cortex was observed irrespective of
clinical response, no significant pretreatment difference
between responders and nonresponders was detected.
Bremner and Vermetten [62] found that paroxetine treat-
ment in patients with PTSD resulted in a 5% increase in
hippocampal volume.

Genetic markers
In 2003, Lawford et al. [63] examined whether the allelic
status of the dopaminergic TaqI A D2 dopamine receptor
(DRD2) gene was associated with response to paroxetine.
There was a significant effect of allele differentiation on the
social dysfunction subscale of the General Health Ques-
tionnaire: A1+ allelic patients showed significantly more
improvement on this scale than A1- allelic patients. Other
subscales and the total General Health Questionnaire score
showed no significant differences between the two groups.

Conclusions
Identification of predictors of pharmacotherapy outcome is
important because they enable the physician to select and
optimize treatment and to formulate a more accurate prog-
nosis. Predictors are particularly useful in conditions in
which the drugs have a very low expected efficacy and when a
range of different drugs or groups of drugs are more or less
equally efficacious, such as in anxiety disorders.

Clinical and demographic variables may be particularly
helpful in prediction outcome because they are easy to assess
and may be evaluated before treatment. Unfortunately, there
is little consistency regarding clinical and demographic
predictors. Duration, severity, and comorbidity generally
seem to identify patients who are at risk for nonresponse to
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treatment. Some studies suggest that patients with OCD with
prominent egosyntonic symptoms (hoarding, religious
obsessions, and overvalued ideas) are less prone to effica-
cious pharmacotherapy than patients with pronounced
egodystonic symptoms. In PD and PTSD, more severely ill
patients have a lower chance of responding. Currently, there
are no reliable neurochemical and electrophysiologic predic-
tors of outcome in anxiety disorders. There is some indica-
tion that nonresponders with SAD or PD have a disturbed
autonomous nervous system. Surprisingly, there are no
recent studies in anxiety disorders that relate immune func-
tion to treatment response. Imaging studies may help to
identify predictors of treatment but are of limited use for the
practicing clinician. In OCD there has been a profusion of
imaging prediction studies and there seems to be some
agreement on lower pretreatment PET measures of rCBF
within the orbitofrontal cortex and higher activity in the
caudate in predicting treatment response. With only three
studies published in OCD, none in SAD, and one in PD and
PTSD, there currently is a profound lack of pharmacogenetic
studies in anxiety disorders.

Several studies have been done on the predictive value of
clinical and neurobiological variables in response to pharma-
cotherapy in anxiety disorders, but conclusions are equivocal
and sometimes contradicting. Possible reasons for divergent
conclusions include the small sample size of some studies,
differences in sample selection and definition of response,
inhomogeneous samples with regard to the study factors of
interest, and the use of inappropriate statistical procedures.
Moreover, nonresponse often is poorly described in pharma-
cotherapy trials. A lower treatment outcome should be distin-
guished from drop-outs attributable to side effects or lack of
compliance, comorbid personality disorders, or interpersonal
difficulties with the treating clinician. Future research would
benefit if consensus on definitions of response could be
reached and nonresponse is better documented.
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