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Serotonin selective reuptake inhibitors (SSRIs) are the drugs of choice in the treatment of panic disorder (PD). The serotonin transporter

(5-HTT) is a prime target for SSRIs. A functional polymorphism within the promoter region of the 5-HTT gene, leading to different

transcriptional efficiency, was repeatedly reported to influence the response to SSRIs in mood disorders while the response of patients

with OCD seems unrelated. We tested the hypothesis that allelic variation of the 5-HTT promoter could be related to the antipanic

response to paroxetine. In total, 92 patients with PD completed a treatment with a variable dose of paroxetine for 12 weeks. The

severity of panic-phobic symptomatology was measured before the beginning of the treatment and after 12 weeks. Allelic variation in

each subject was determined using a PCR-based method. Both homozygotes for the long variant (l/l) of the 5-HTT promoter and

heterozygotes (l/s) showed a better response to paroxetine than homozygotes for the short variant (s/s) (w2¼ 6.9, po0.03). This result

emerged in the whole sample, but was related only to female patients (w2¼ 7.6, po0.02). The presence of the long allelic variant was

associated with a better response of panic attacks while was not significantly associated with the response of anticipatory anxiety or

phobic avoidance. In conclusion, paroxetine efficacy in PD seems to be related to allelic variation within the promoter of the 5-HTT gene

in female subjects. This gender effect might be related to the genomic effects of sex hormones. Understanding the interaction between

gender and genes coding for structures target of psychotropic drugs could help to individualize the pharmacological treatment of PD.
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INTRODUCTION

Epidemiological studies report a lifetime prevalence of
panic disorder (PD) between 1.5 and 2.9% in the general
population (Weissman et al, 1997). PD is a chronic and
recurrent illness (Wittchen, 1988) that can severely impair
the social life and work performance of the people affected.
It is associated with a high comorbidity of Mood and
Substance Abuse disorders (Lepola et al, 1996) and with a
significant incidence of suicide attempts and deaths (Noyes
et al, 1991). With the development of effective drugs, no
advances in the pharmacological treatment of the disorder
have been made in the last 40 years; however, similarly to
most of psychiatric disorders, the response to drugs is not
homogeneous. There are strong evidences that treatment
response is influenced by complex genetic factors and the

possibility to disentangle the role of the major structures
modulated by psychotropic medication could help the
understanding of why some patients do respond to specific
drugs and others do not (Catalano, 2001).
Currently, serotonin selective reuptake inhibitors (SSRIs)

are considered the drugs of first choice in the treatment of
PD. According to in vitro studies, paroxetine is the most
potent inhibitor of serotonin uptake (Hyttel, 1994; Johnson,
1992; Thomas et al, 1987) among available SSRIs.
Serotonin transporter (5-HTT) protein determines the

reuptake of serotonin from the intersynaptic cleft, repre-
senting the prime target for SSRIs. The human 5-HTT is
encoded by a single gene (SLC6A4) on chromosome
17q11.1–q12. A functional polymorphism in the transcrip-
tional control region 1 kb upstream of the 5-HTT coding
sequence has been reported. It consists of a 44 base pair
(bp) insertion (long variant) or deletion (short variant)
ranging from bp �1.212 to bp �1.255 (Heils et al, 1996).
It has been demonstrated that the long (l) and short
(s) variants of this 5-HTT gene-linked polymorphic region
(5-HTTLPR) had different transcriptional efficiencies. The
basal transcriptional activity of the long variant (l allele) is
more than twice that of the short form (s allele) and
differences in 5-HTT mRNA synthesis result in different
5-HTT expression and 5-HT cellular uptake. In vitro studies
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showed that the differences in 5-HTT mRNA synthesis
result in different 5-HTT expression and 5-HT cellular
uptake (Lesch et al, 1996), thus allowing us to hypothesize
that individual differences of clinical response to compar-
able SSRIs bioavailability could be related to different in
vivo expression level of 5-HTT.
Recently, some studies studied the relationship between

clinical response to SSRIs and allelic variation within the
promoter of the 5-HTT gene. Serotonin reuptake inhibitors
are considered the treatment of choice in depressive and
obsessive compulsive disorders, but a direct influence of
5-HTTLPR variant seems to be characteristic only of
depressive disorders. The response of depressive sympto-
matology to fluvoxamine (Smeraldi et al, 1998) and
paroxetine (Zanardi et al, 2000) was associated to allelic
variation within the 5-HTTLPR at equivalent plasma levels.
In both studies, antidepressant response was stronger and
faster among l/l homozygotes compared to heterozygotes
and s/s homozygotes. On the contrary, Billett et al (1997)
failed to find a relationship between the antiobsessive
efficacy and 5-HTTLPR variants while Di Bella et al (2002)
found a relationship only in some OCD subtypes. This
discordance could be the expression of different biochem-
ical pathways probably subtending or conditioning the
efficacy of SSRIs. This idea fits well with differences in dose
regimen and in latency of therapeutic effect between these
two different disorders (Montgomery, 1994; Tollefson et al,
1994; Greist et al, 1995; Blier and de Montigny, 1998).
The aim of our work is to test the hypothesis that allelic

variation of 5-HTT gene expression might be linked to
antipanic response to paroxetine and to investigate if this
association was related to other clinical or individual
characteristics.
Given an analogous response pattern to SSRIs in PD and

depressive disorders and given the central role of the
serotonergic system in the biological mechanisms under-
lying PD, we expect to find an influence of 5HTTLPR in the
antipanic response similar to that found in major depres-
sion.

MATERIALS AND METHODS

Sample

A total of 92 outpatients seeking treatment for PD with/
without Agoraphobia concluded a 12-week standardized
treatment with paroxetine. Patients were recruited over 12
months at the Anxiety Disorders Clinical and Research Unit
of the Department of Neuropsychiatric Sciences, S Raffaele
Hospital, Milan. Consensus diagnoses according to DSM IV
criteria were established by two senior psychiatrists who
independently of each other conducted clinical interviews
and the MINI International Neuropsychiatric Interview
(Sheehan et al, 1994) to assess the patients. Physical
examination and accurate medical history taking were
performed to exclude any subjects with lifetime psychiatric
diagnoses other than PD, significant somatic or neurologi-
cal diseases, and pregnancy. Before beginning treatment
with paroxetine, all subjects had to have been off
psychotropic medication for at least 2 weeks and not have
taken fluoxetine in the 8 weeks prior to entry the study. In
total, 20 patients (22%) had never taken psychotropic

medications, 51 (55%) received low doses of benzodiaze-
pines (equivalent of 5mg of Diazepam) and 21 (23%)
received both benzodiazepines and antidepressants. None
had ever received paroxetine. None of the patients were
taking contraceptive pills. All probands were investigated
for the presence/absence of a family history for PD assessed
according to the Family History (FHRDC) method (An-
dreasen et al, 1977). Each patient gave their informed
consent after receiving a detailed explanation of the study.
The procedure of this study was carried out in accordance
with the Declaration of Helsinki, 1964 and its amendments
(Tokyo, Venice and Hong Kong, 1989). All subjects were all
unrelated and of Italian descent.

Drug Treatment

As previous studies on the effects of SSRIs in PD have
shown anxiety to increase during the first days of treatment,
especially if the starting doses are too high or raised too fast
(Den Boer and Westenberg, 1988; Humble and Wistedt,
1992), we decided to administer paroxetine initially at low
doses. The investigators who rated the psychometric scales
worked independently of those who managed the drug
dosages and both were blind to genotyping. Patients were
aware of the treatment they were receiving. At the beginning
of treatment, patients took a daily dose of 10mg for 1 week,
followed by 20mg for the next 3 weeks. The dosage could
then be increased by 10mg/day weekly to a maximum dose
of 50mg/day if the Global Improvement score (range
between 1¼ ‘very much improved’ and 7¼ ‘very much
worse’) on the Clinical Global Impressions scale (CGI) (Guy,
1976) was less than 2 (¼ ‘much improved’) and the side
effects were not severe. No concomitant psychotropic
drugs or psychotherapeutic interventions of any kind,
excluding psycho-educational information, were allowed
during the trial.
In order to obtain a more homogeneous sample, plasma

levels of paroxetine for the patients were determined
between the 9th and the 12th week of treatment (after 2
weeks of stable therapy) by high-performance liquid
chromatography as previously described (Lucca et al,
1994). On the same occasion, blood samples for genotyping
were also collected. Two patients with paroxetine plasma
levels exceeding the mean value of the sample71.96 SD
were excluded from the study, to avoid extreme differences
in the bioavailability of the drug influencing the clinical
response (Smeraldi et al, 1998). Genomic DNA was
extracted from whole blood of patients. Target DNA was
amplified by polymerase chain reaction and detected with a
standardize procedure previously described (Deckert et al,
1997). Genotyping was performed blind to the clinical status
condition or to the outcome of the drug therapy.

Polymerase Chain Reaction

DNA was extracted from leukocytes by NaCl precipitation
(Lahiri and Nurnberger, 1991; Miller et al, 1988). Polymer-
ase chain reaction forward primer 50-GGCGTTGCGC
TCTGAATGC-30 and reverse primer 50-GAGGGACTGAG
CTGGACACCAC-30 were employed.
In total, 35 cycles of 30 s at 951C, 30 s at 611C, and 1min at

721C were performed. The assay mix contained in a volume
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of 30 ml 50 ng genomic DNA, 2.5mM dNTPs, 0.1 mg of sense
and antisense primer, 10mM Tris-HCl (pH 8.3), 50mM
KCl, 1.5mM MgCl2, 5% dimethyl sulfoxide, and 1U Taq
Polymerase. Polymerase chain reaction products were
separated on 3% agarose gels supplemented with ethidium
bromide allowing differentiation of the long (528 bp) and
the short (484 bp) variant.

Clinical Assessment

Clinical assessment was performed by experienced psychia-
trists blind to the drug treatment at days 0 (before the
beginning of the study) and week 12, using the following
scales:

(a) the Panic Associated Symptoms Scale (PASS) to assess
frequency of panic attacks, level of anticipatory anxiety,
and phobic avoidance. These yielded a global score
(PASS-tot) and subscores for panic attacks (PASS-PA),
anticipatory anxiety (PASS-AA), and phobic avoidance
(PASS-AV) (Argyle et al, 1991);

(b) the Fear Questionnaire (FQ) produced a global score
(FQ-tot) and subscores for agoraphobia (FQ-AGO),
blood-injury phobia (FQ-BI) and social phobia (FQ-
SOC)(Marks and Mathews, 1979).

The primary end point of the analysis was the ‘good
response’ defined, quantitatively, as a reduction of at least
50% from baseline in PASS-tot scores at week 12 and,
qualitatively, as a complete disappearance of panic attacks,
either complete or limited symptoms attacks during the last
week of the study.
The secondary end point was the percentage of decrease

of PASS global score (D%PASS) from day 0 to week 12.
We considered also some tertiary end points as

� The absence of panic attacks, either complete or with
limited symptoms, (PASS-PA¼ 0) during the last week of
the study.

� The absence of anticipatory anxiety (PASS-AA¼ 0)
during the last week of the study.

� The absence of phobic avoidance (PASS-AV¼ 0) during
the last week of the study. The response of agoraphobic
symptoms to paroxetine was also measured by the
percentage of decrease of the scores of the FQ-AGO
subscale (D%FQ-AGO).

Data Analyses

Since psychometric scores in our sample were not normally
distributedFaccording to the Shapiro–Wilks test of nor-
malityFwe decided to use nonparametric testing. Baseline
clinical and demographic characteristics of the patients
with PD according to the genotype were compared with
the Kruskall–Wallis tests on continuous variables and with
w2 statistics on dichotomous variables. If significant values
were obtained, post hoc comparisons (w2 and Mann–
Whitney respectively). Bonferroni’s correction was applied
where appropriate. Statistical analyses have been performed
with Statistica package, version 5.

RESULTS

Genotype and allelic frequencies, as well as clinical and
demographic characteristics of the sample, are shown in
Table 1. No significant differences were found among
gender and different genotypes. As expected, paroxetine
plasma levels did not significantly differ among genotype
groups.
The genotypic distribution was not significantly different

from the distribution expected according to Hardy–Wein-
berg equilibrium (w2¼ 0.9, po0.3).
The pattern of distribution of good responders were

significantly different according to sex (males: 28/39, 72%;
females: 25/51, 49%; w2¼ 4.7, po0.03). Looking at the
specific core phenomena of PD, only the rate of patients
with absence of panic attacks after paroxetine treatment was
significantly higher (w2¼ 5.3, po0.03) in males (27/36,
75%) than in females (23/46, 50%), while no differences
were found for anticipatory anxiety and phobic avoidance.
No differences were found for D%PASS (males 79.7723.1;
females 75.1727.5).

Table 1 Clinical and Demographic Features of Our Sample According to 5-HTTLPR Variants

l/l l/s s/s l s

Number of patients 19 (21.1%) 48 (53.3%) 23 (25.6%) 86 (47.8%) 94 (52.2%)

Sex (male/female) 11/8 17/31 11/12 39/47 39/55

Mean age7SD (years) 33.5710.5 34.9713.5 33.3712.3 34.3712.2 34.1712.8

Mean age at onset7SD (years) 26.576.6 28.1711.6 25.477.2 27.479.6 26.879.7

Duration of Illness 7.078.8 6.777.9 7.977.8 6.878.2 7.377.8

Positive family history for PD 8 (42.1%) 25 (52.1%) 12 (52.2%) 41 (47.6%) 49 (52.1%)

Agoraphobia 15 (79.0%) 41 (85.4%) 22 (95.7%) 71 (82.6%) 85 (90.4%)

PASS-global score 8.574.6 9.874.2 10.375.4 9.274.4 10.074.8

FQ-global score 45.7726.6 45.9724.2 48.2723.7 45.8724.9 47.0723.7

Mean dosages of paroxetine 31.177.6 29.678.8 30.678.0 30.178.2 29.978.4

Blood levels of paroxetine (ng/ml) 44.1733.3 43.3731.8 47.3737.9 43.4731.6 45.7735.2
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Statistical analysis showed a significant difference of the
clinical response to paroxetine, both measured quantita-
tively and qualitatively in the whole sample, according to
genotypes (w2¼ 6.9, po0.03). Analysing this difference
according to sex, this result was confirmed only in the
female subsample (Tables 2 and 3). Only among female
patients there was a significant association between good
response and genotypic (w2¼ 7.6, po0.02) or allelic
(w2¼ 5.6, po0.02) variants while no significant effect was
found in males. Post hoc analyses showed that good
responders were significantly more frequent among ll and
l/s female patients than those with s/s one (l/l vs s/s: w2¼ 7.6,
po0.02; l/s vs s/s: w2¼ 5.1, po0.02; l/l vs l/s: NS).
As well, Kruskal–Wallis test showed a significant 5-

HTTPRL genotype effect on D%PASS (H¼ 10.939,
po0.004) and also this result was supported by the female
group (H¼ 7.3, po0.03). Post hoc comparisons showed that
PASS global score decreased lesser in s/s female patients
than in l/l and l/s female patients that did not differ each-
other (l/l vs s/s: Z¼ 3.0, po0.002; l/s vs s/s: Z¼ 3.1,
po0.002; l/l vs l/s: NS).
Mann–Whitney test showed that a stronger decrease of

PASS global scores was significantly associated with l allelic
variant (Z¼ 2.4, po0.02) only in females.
Looking at the specific core phenomena of PD, in female

patients genotypic and allelic variants were associated with
the response to paroxetine for panic attacks but not for
anticipatory anxiety or for phobic avoidance. w2 analyses
showed a significant association (w2¼ 9.1, po0.01) between
the absence of panic attacks after paroxetine treatment and
genotypic distribution. Post hoc analyses showed that the
absence of panic attacks was significantly more frequent
among homozygotic patients with l/l genotype than those
heterozygotic and homozygotic with s/s genotype. No panic
attacks after paroxetine treatment were also significantly
(w2¼ 6.3, po0.02) more associated with l allelic variant. No

significant differences were found between genotypic or
allelic variant distribution and absence of anticipatory
anxiety or agoraphobic avoidance at the end of paroxetine
treatment. Kruskal–Wallis test also showed no significant
5-HTTLPR genotype effect on D%FQ-AGO scores (l/l:
64.4738.6; l/s: 40.3762.8; s/s: 62.7740.7). Similar results
were found for allelic variants (l: 48.0756.2; s: 50.0754.4).

DISCUSSION

Our results provide the first experimental evidence that
allelic variation of 5-HTTLPR influences the response to
SSRIs at equal bioavailability in PD, supporting the idea
that the availability of 5-HT transporter is important for
a clinically useful antipanic effect. We can summarize the
results of our study as follows: (1) Clinical antipanic
effectiveness of paroxetine seems to be related to the allelic
variations of the 5-HTTLPR specifically in female patients;
(2) among the core features of PD, the treatment outcome–
genotype relationship seems to be related selectively to
panic attacks while anticipatory and phobic avoidance seem
to be less influenced. These findings are not explained by
differences either in clinical and demographical features of
the sample or to paroxetine plasma levels.
The finding that the s genotype specifically affects the

antipanic properties of paroxetine, and not the more
general antianxiety effect, is in line with evidences about
overlapping but separate serotonergic pathways underlying
panic and anxiety, well expressed in the ‘Deakin–Graeff
model’ (Graeff, 2004).
The finding that the genetic–clinical response association

depends on female gender, never previously reported to our
knowledge, is interesting. Growing evidences support the
existence of gender differences related to the function of
the serotonergic system and the 5-HTT gene. There are

Table 2 Treatment Outcome and 5-HTTLPR Variants in Female Patients with PD

l/l l/s s/s l s

D%PASS* 82.3734.3 79.5721.9 59.1731.6 80.4726.0 70.6727.9

Good Responders* 6/8 (75%) 17/31 (55%) 2/12 (17%) 29/47 (62%) 21/55 (38%)

No panic attacks at week 12* 6/7 (86%) 16/30 (53%) 1/9 (11%) 28/44 (64%) 18/48 (38%)

No anticipatory anxiety at week 12 5/8 (63%) 12/29 (41%) 2/12 (17%) 22/45 (49%) 16/53 (30%)

No agoraphobia at week 12 5/6 (83%) 13/22 (59%) 7/11 (64%) 23/34 (68%) 27/44 (61%)

*po0.05.

Table 3 Treatment Outcome and 5-HTTLPR Variants in Male Patients with PD

l/l l/s s/s l s

D%PASS 83.5730.8 80.5720.3 64.7728.0 83.5724.3 75.9721.1

Good responders 9/11 (82%) 12/17 (71%) 7/11 (64%) 30/39 (77%) 26/39 (67%)

No panic attacks at week 12 10/11 (91%) 11/16 (69%) 7/10 (70%) 31/38 (82%) 25/36 (69%)

No anticipatory anxiety at week 12 5/10 (50%) 6/16 (37%) 2/11 (18%) 16/36 (44%) 10/38 (26%)

No agoraphobia at week 12 7/8 (87%) 10/15 (67%) 5/10 (50%) 24/31 (77%) 20/35 (57%)
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evidences of gender differences in the effects of the
5HTTLPR polymorphism variants on cerebrospinal fluid
levels of 5-hydroxyindoleacetic acid (5-HIAA), an index
of serotonergic turnover. Healthy females with the s/s
genotype had higher 5-HIAA levels in the cerebrospinal
fluid than males (Williams et al, 2003).
Female 5-HTT knockout mice show a prominent increase

in anxiety and stress response than male mice (Wichems
et al, 2000; Li et al, 2000).
The effect of estrogen on decreasing the transporter

expression could play a more important role on the s/s
genotype, already characterized by low 5-HTT expression.
Finally, we cannot forget the growing evidences of a SSRIs-
neurosteroids link (Griffin and Mellon, 1999). Recent
studies suggest the existence of a relationship between
panic attacks induced by sodium lactate or cholecystokinin
tetrapeptide and neurosteroids (Strohle et al, 2003), as well
as we have recently shown an association between PD and
neurosteroids (Brambilla et al, 2003). Possible genomic
influences of neuroactive steroids (Van Broekhoven and
Verkes, 2003) on 5-HT transporter may be relevant for the
association found.
The treatment outcome–5 HTTPRL association found in

female patients seems to be related only to panic attacks
while the same is not present for anticipatory anxiety
and phobic avoidance. This observation is in line with
the consistent evidences of significant influences of sex
hormones-related conditions on panic attacks.
We have previously reported that carbon dioxide-induced

panic attacks are influenced by menstrual cycle phases:
during the luteal phase, when progesterone blood levels
are higher, females seem to be protected against panic
attacks (Perna et al, 1995). Many studies reported that
PD is exacerbated in the premenstrual period and in
postpartum, with lactation being apparently protective
as well as pregnancy: the correlation of premenstrual
dysphoria with postpartum symptomatology suggests
progesterone withdrawal as a common mechanism (Klein,
1993). In addition, some case reports showed that oral
contraceptives and estrogen replacement therapy were able
to trigger panic attacks (Price and Heil, 1988; Deci et al,
1992).
Panic attacks might be the specific PD feature whose

clinical response is influenced by the allelic variation of
functional 5-HTTLPR and its interaction with sex steroidal
hormones.
In conclusion, our results support the hypothesis that the

therapeutic response to antipanic drugs modulating the 5-
HTT may be influenced by 5-HTTLPR, however, suggesting
that this association is valid only for females.
Our results should be considered cautiously since only

replications in independent samples, using placebo-control
group and different serotonergic compounds, could give us
a definitive answer. In particular if a similar pattern of
response is present in a placebo-control group, we can think
that the s genotype effect might be mainly related to
aspecific psychological factors, enhancing the ‘placebo
effect’, rather than to specific antipanic effects.
In addition, we cannot exclude that our finding might be

linked to undetected population stratification and, given the
small sample size, a type II error cannot be excluded. Type
II error could in particular affect the negative finding

referring to the association between clinical antipanic
response and 5-HTTLPR in males.
Moreover, although we ensured that plasma paroxetine

levels did not differ, since we did not measure the side
effects, we cannot exclude that the influence of s genotype
could have been mediated via a differential impact of the s
genotype on side effects frequency or intensity.
Another limitation of the study is the number of

polymorphisms examined: we know that the small effect
of 5HTT gene dampens the meaning of the study. To
overcome this issue, future studies will have to consider also
the effect of other genes involved in the serotonergic
pathway, such as MAO-A or serotonin receptor 1A.
Finally, a detailed assessment of variables related to sex

hormones system (ie phase of the menstrual cycle) could
help to better understand our findings.
PD is a complex disease and the response of its different

core features to drug treatments might vary for both genetic
(functional 5-HTTLPR) and environmental factors (sex
steroidal hormones). The results of our study should
encourage the investigation of the influence of other
polymorphic genes on the clinical response to antipanic
medications and the possible role of sex hormones, in
particular neurosteroids, in modulating genetic regulation
of neurotransmitters.
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