Eur Arch Psychiatry Clin Neurosci (2015) 265:399-406
DOI 10.1007/s00406-015-0575-3

@ CrossMark

ORIGINAL PAPER

SHTT is associated with the phenotype psychological flexibility:
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Abstract Adaption to changing environments is evo-
lutionarily advantageous. Studies that link genetic and
phenotypic expression of flexible adjustment to one’s
context are largely lacking. In this study, we tested the
importance of psychological flexibility, or goal-related
context sensitivity, in an interaction between psychother-
apy outcome for panic disorder with agoraphobia (PD/
AG) and a genetic polymorphism. Given the established
role of the SHTT-LPR polymorphism in behavioral flex-
ibility, we tested whether this polymorphism (short group
vs. long group) impacted therapy response as a function
of various endophenotypes (i.e., psychological flexibility,
panic, agoraphobic avoidance, and anxiety sensitivity).
Patients with PD/AG were recruited from a large multi-
center randomized controlled clinical trial on cognitive-
behavioral therapy. Pre- to post-treatment changes by
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SHTT polymorphism were analyzed. SHTT polymorphism
status differentiated pre- to post-treatment changes in the
endophenotype psychological flexibility (effect size differ-
ence d = 0.4, p < 0.05), but none of the specific symptom-
related endophenotypes consistently for both the intent-
to-treat sample (n = 228) and the treatment completers
(n = 194). Based on the consistency of these findings with
existing theory on behavioral flexibility, the specificity
of the results across phenotypes, and the consistency of
results across analyses (i.e., completer and intent to treat),
we conclude that SHTT polymorphism and the endophe-
notype psychological flexibility are important variables for
the treatment of PD/AG. The endophenotype psychologi-
cal flexibility may help bridge genetic and psychological
literatures. Despite the limitation of the post hoc nature of
these analyses, further study is clearly warranted.
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Introduction

Organisms that flexibly adapt to continually changing
contingencies have an evolutionary advantage over those
organisms that cannot or do not readily adapt [1]. Stated
simply, variation and selection guide evolutionary change.
Although this principle is applicable and can help organize
research across multiple analytical levels (i.e., genetic, epi-
genetic, behavioral, and symbolic [2]), it is seldom applied.
In as much as evolutionary theory offers a unifying frame-
work that helps to interpret findings across levels, the noto-
riously inconsistent associations between genetic structures
and psychological constructs suggest a potential area for
improvement. Indeed, evolutionarily informed interpreta-
tions of genetic data have begun to explain context-depend-
ent genetic expression such that previously viewed contra-
dictions begin to be resolved [3].

Parallel developments at the level of phenotype speci-
fication may also help elucidate evolutionarily informed
genetic findings. For example, the construct of psychologi-
cal flexibility (PF), defined as the process of contacting the
present moment fully and nonjudgmentally and persist-
ing or changing behavior in the service of chosen values
[4], is hypothesized to have evolutionary implications [5].
Stated succinctly, PF describes one’s ability to respond
appropriately to situational demands (environmental and
internal) for the good of their goals [6]. An example of an
individual expressing high levels of PF would be someone
who, despite past trauma and subjective rules about avoid-
ing pain, can choose to remain psychologically present in a
situation despite that pain and act in a way that is consist-
ent with long-term values (e.g., social contact). Moreover,
PF is a key element in healthy psychological functioning
[7, 8] and is associated with Big Five personality traits in
expected directions and magnitudes [9, 10]. Conversely,
psychological inflexibility is associated with a host of indi-
cators of psychopathology [4] and predicts unique variance
not accounted for by other standard questionnaires [11]. PF
is also an important determinant of psychotherapy response
[12]. Indeed, meditational and laboratory studies suggest
that PF is an active and salient mechanism of action in psy-
chotherapy [13, 14]. Taken together, PF appears important
for therapeutic change—and via increased sensitivity to
one’s current context and long-term goals, perhaps change
more broadly.

Studies on the neurobiological correlates and genetic
associations of flexible behavior and change have focused
primarily on the serotonergic system. The promoter poly-
morphism in the gene encoding the serotonin transporter
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(5HTT) influences gene expression and is associated with
anxious-depressive symptoms [15, 16] and, thus far, is the
best-described candidate gene for such symptoms. Spe-
cifically, short alleles of this polymorphism (termed SHTT-
LPR) are associated with an increased risk of depression,
suicidality, and related phenotypes in the presence of
adverse life events [17, 18].

However, if these alleles occasioned exclusively nega-
tive consequences, why do they remain within the popula-
tion at such high rates in human and non-human primates
alike? Recent data suggest that these “risk” alleles are also
associated with better executive processing and improved
goal-directed attention [19-21]. This led to the assumption
that carriers of the short allele process some information
more efficiently; in case of negative emotional content, this
may lead to dysfunctional behavioral outcome, while other-
wise might be associated with beneficial cognitive and also
probably social functioning [3]. Therefore, the short allele
may not be specific to risk, but rather relevant for flexibility
or plasticity [22].

Consistent with this context-dependent interpretation,
PF harnesses learning processes that aim to exact change
in functioning per se. This is in contrast with other con-
structs and therapies that specifically target symptoms
for elimination or reduction. Indeed, PF consistently pre-
dicted functioning in treatment-seeking samples above and
beyond that of symptom measures [9, 11]. Individuals high
in PF demonstrate increased variation of behavior (vs. nar-
row behavior repertoires), greater context sensitivity to the
effects (vs. rigid rule following), and selective retention of
behaviors that work for the individual’s chosen goals [23].
Thus, instead of concentrating on reducing symptoms, pro-
moting PF in these patients should increase attentiveness
for what works with respect to their chosen goals [24]. This
may be particularly important in exposure-based treatment,
where patients are exposed to anxiety-provoking stimuli.
Previous analyses have shown that patients who could flex-
ibly interact with the increased anxiety during exposure
had better outcomes at the end of treatment [13]; those who
could not were more likely to drop out [25].

Given the role of SHTT-LPR as a potential modifier of
PF and that psychotherapy is an intense period where fun-
damental readjustment (i.e., flexibility) is required, we
hypothesized that short alleles of this polymorphism would
be associated with a greater change in PF during psycho-
therapy and, given the observed specificity of previous
analyses [9, 13], that this difference would be unique to PF.
In order to test the specificity of these effects, we compared
this to symptoms and constructs traditionally associated
with this disorder (e.g., panic attacks, agoraphobic avoid-
ance, and anxiety sensitivity). We analyzed these questions
in a large clinical trial on panic disorder with agoraphobia
(PD/AG).
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Methods
Clinical study

The mechanisms of change in cognitive-behavioral therapy
(CBT) [MAC] multicenter (Aachen, Berlin-Adlershof, Ber-
lin-Charité, Bremen, Dresden, Greifswald, Miinster, Wiir-
zburg) psychotherapy study was a randomized controlled
clinical trial of exposure-based CBT that also involved exper-
imental add-on studies of fear circuit mechanisms in PD/AG
[26, 27]. In total, N = 369 patients of European origin, who
met DSM-IV criteria for PD/AG, as assessed by the Compos-
ite International Diagnostic Interview (CAPI-WHO-CIDI,
DIAX-CIDI version), were included in the study (n = 301
in the active treatment and n = 68 in the waitlist). Exclusion
criteria included bipolar disorder, schizophrenia, mental retar-
dation, and neurological and neurodegenerative disorders.
The present study is a subsample of patients who received
active treatment and provided genetic information (n = 228
intent to treat; n = 194 treatment completers). The waitlist
was not examined, as we were only interested in within treat-
ment change and previous studies showed that patients in the
waitlist did not significantly change on these variables [27].
Most patients (91.3 %) had at least one comorbid disorder,
and nearly half (47 %) had at least three comorbid disorders.
The sample was predominantly female (75 %) and entirely of
Caucasian ethnicity. See Table 1 for more details.

Following informed consent, patients were randomized
to one of two active treatment groups that differed exclu-
sively with respect to the presence (T+) or the absence
(T—) of the therapist during exposure in situ. The manu-
alized psychotherapy was administered in 12 twice-weekly
sessions. All patients were free of all psychopharmaco-
logical medication; patients on psychotropic medication at
intake underwent a washout period of 4 weeks.

Treatment procedure is described in detail elsewhere [26—
28]. Briefly, sessions 1-3 addressed psychoeducation and a
functional analysis of the presenting problem; sessions 4—5
provided the treatment rational for exposure and implemented
interoceptive exposure exercises. Sessions 6—8 consisted of
standardized in situ exposure exercises. Session 9 reviewed
treatment progress and addressed anticipatory anxiety. Ses-
sions 10-11 again consisted of in situ exposure, but now
targeted the patients’ two most significant feared situations.
Session 12 repeated crucial exposure-related elements of
the manual and included relapse prevention. Both treatment
groups were shown to be effective with large effect sizes [27].
The study was approved by local ethic committees.

Genotyping

Venous blood was drawn and DNA was extracted using
a standard desalting method. A functional SNP was

determined within the SHTT-LPR 1 allele with an A to G
substitution (rs25531), designated 1, and l;, respectively
[29]. The 1, variant is linked to higher levels of SHTT
expression, while the rarer 15 variant can be compared
functionally with the low-expressing s allele. Hence,
genetic studies likely benefit from including information
of this variant together with the LPR. We hence simulta-
neously genotyped the 43-bp insertion/deletion SHTT-LPR
polymorphism in the regulatory region of the serotonin
transporter gene with rs25531 along a previously described
protocol [30]. Based on the initial study by Lesch and
associates [31] and the vast majority of follow-up stud-
ies, we assumed a dominant effect of the short allele (see
also the review by [17] for a thoughtful discussion of this
topic). Thus, we grouped our sample into (a) the short (S)
group including carriers of at least one short allele (s) or
at least one I;-allele (S + LG) and (b) the long (L) group
subjects homozygous for the SHTT-LPR L variant also car-
rying the A-allele of rs25531 (i.e., 1,/1,). Genotypes were
determined blind for phenotypes. Hardy—Weinberg criteria,
assessed with DeFinetti (http://ihg.gsf.de/cgi-bin/hw/hwal.
pl), were fulfilled for SHTT-LPR genotype distribution in
the present sample. Characteristics of the sample can be
seen in Table 1.

Assessment

Acceptance and Action Questionnaire Il (AAQ-II-10 item
version; [32]) is a 10-item unidimensional self-report meas-
ure for PF. Items are rated on a seven-point-Likert-type
scale, with scores ranging between 10 and 70. Scores are
poled so that higher scores reflect more PF. The AAQ-
II explains unique variance in PD/AG patients [11]; has
excellent internal consistency and good test-retest reliabil-
ity; and is sensitive to treatment effects [27].

Structured Interview Guide for the Hamilton Anxiety
Scale (SIGH-A/HAM-A,; [33]) is a 14-item interview com-
monly used to assess the severity of a broad range of anxi-
ety symptoms. The SIGH-A has demonstrated high values
of inter-rater and test-retest reliability and is commonly
used in outcome studies.

Clinical Global Impression Scale—Severity Subscale
(CGI,; [34]. CGI is a clinician-rated scale that measures the
overall severity of a disorder, with scores that range between
1 (no disorder) and 7 (among the most severely ill patients).
The scale queries for information across the facets of psycho-
pathological symptoms such as anxiety, avoidance, and over-
all functional level before making a global rating. Scores on
the CGI are sensitive to change in panic treatment [27, 35].

Mobility Inventory (MI; [36]. Mobility Inventory
(MI). The MI is a self-report questionnaire that meas-
ures the degree of agoraphobic avoidance across 27 sit-
uations, each of which is rated with respect to being in
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Table 1 Demographic and
clinical characteristics by
polymorphism Total (n =228)  Short (N =156) Long (N =72)

Characteristic Mean (SD)/no. (%) p value

Demographics

Age 36.2 10.9 36.6 114 355 9.9 0.477
Sex
Male 57 25.0 42 26.9 15 20.8 0.403
Female 171 75.0 114 73.1 57 79.2
Years of education
8 28 12.3 23 14.7 5 6.9 0.700
10 98 43.0 66 423 32 444
12-13+ 97 42.5 64 41.0 33 45.8
No formal degree 5 22 3 1.9 2 2.8
Living arrangement
With parents 9 4.0 5 32 4 5.6 0.767
Alone 48 21.1 35 224 13 18.1
With partner 158 69.3 108 69.2 50 69.4
Other 13 57 8 5.1 5 6.9
Employment
University student 8 35 5 32 3 4.2 0.594
Job training 54 23.7 36 23.1 18 25.0
Employed 138 60.5 93 59.6 45 62.5
Unemployed 27 11.8 21 13.5 6 8.3
Other 1 04 1 0.6 0 0.0
Social class
Lowest - - - 0.896
Lower middle 11 4.9 6 39 5 6.9
Middle 54 23.9 40 25.8 14 19.4
Upper middle 138 61.1 94 60.7 44 61.1
Upper 23 10.2 15 9.7 8 11.1
Marital status
Married 79 34.8 55 353 24 333 0.158
Divorced/widowed/separated 27 11.9 19 12.2 8 11.1
Never married 121 533 81 51.9 40 55.6
Clinical
Comorbidity, 12-month diagnoses
Alcohol abuse 12 53 6 39 6 8.3 0.496
Alcohol dependence 1 0.4 1 0.6 0 0.0 0.218
Harmful use of alcohol 88 38.6 56 35.9 32 44.4 0.802
Nicotine dependence 64 28.1 43 27.6 21 29.2 0.707
Any substance use disorder 69 30.3 46 29.5 23 31.9 0.487
Other anxiety dx (besides PD/AG) 194 85.1 131 84.0 63 87.5 0.370
GAD 46 20.2 34 21.8 12 16.7 0.915
Social phobia 97 42.5 66 423 31 43.1 0.516
Any specific phobia 158 69.3 106 68.0 52 72.2 0.550
OCD 23 10.1 17 10.9 6 8.3 0.714
PTSD 8 35 5 32 3 42 0.105
MDE/dysthymia 97 425 72 46.2 25 347 0.850
Pain disorder 78 342 54 34.6 24 333 0.824
Number of comorbid diagnoses
None 20 8.8 14 9.0 6 8.3 0.890
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Table 1 continued Characteristic Mean (SD)/no. (%) p value
Total (n =228)  Short (N =156) Long (N =72)
1-2 101 443 66 423 35 48.6
Post hoc comparisons based 34 77 33.8 54 34.6 23 31.9
on ANOVA fqr dimensional 5+ 30 13.2 2 141 8 1.1
outcomes, Chi-squared test for
independence for categorical BMI (N = 213) 242 43 243 46 241 36 0711

outcomes

that situation alone or accompanied by another person.
The mean scores of the alone subscale (range 1-5) are
reported. Scores of the MI are highly reliable and sensi-
tive to change [36, 37].

Anxiety Sensitivity Index (ASI; [38]) is a self-report
instrument assessing anticipatory fear and sensitivity to
anxiety symptoms. Sixteen items are rated on a five-point-
Likert scale. Internal validity is good (Cronbach’s alpha
from 0.82 to 0.92; [39]. Studies have found the ASI to
mediate treatment outcome in PD [40].

Statistical analysis

One-way ANOVA was used to assess the effects of geno-
type status (S vs. L) on change observed during treatment
(i.e., difference score from pre-treatment to post-treatment)
on psychological flexibility (AAQ-II). To examine the
specificity of this effect, this was repeated for the diag-
nostic- and symptom-based measures: (i.e., HAM-A total,
CGI, number of panic attacks, MI-Alone, anxiety sensitiv-
ity (ASI)). As our hypothesis predicted change exclusively
in PF, we decided not to apply a correction for multiple
testing for the five diagnostic and symptom measures in
order to maximize detection of change in these comparison
variables and thereby creating a more conservative testing
of the hypothesis.

Preliminary analyses examined the two treatment vari-
ants (T+ and T—) for differences on pre-treatment—post-
treatment outcomes. As no differences existed between the
groups, they were collapsed for all other analyses consist-
ent with previous publications [13].

Intent-to-treat analyses were run utilizing all patients
from the subsample of patients that provided genotype
information. For these analyses, the last observation
was carried forward in case of dropouts. Consistent with
practices of randomized controlled trials, completer
analyses were also run including only those patients
who completed the post-treatment assessment (follow-
ing session 12). Running both analyses serves as a check
against potential bias resulting from a self-selecting
sample and thereby offers a test of the robustness of the
results.

Results

The two genotype groups did not differ at baseline on any
demographic variable or measured phenotype (see Table 1).

As can be seen in Table 2, the one-way ANOVA anal-
ysis for the intent-to-treat sample of change between pre-
treatment to post-treatment was significantly different for
PF. Patients with in the S group had almost twice as much
increase in PF during treatment as patients in the L group
(d=10.3).

In contrast, the one-way ANOVA analysis for the
intent-to-treat sample indicated that the change from pre-
treatment to post-treatment was not significantly different
between the S and the L group for any aspect of the diag-
nostic criteria (i.e., panic attacks, agoraphobic avoidance),
general anxiety level (HAM-A), general functioning (CGI),
or anxiety sensitivity (ASI).

These analyses were repeated using only treatment com-
pleters. The results were consistent with the intent-to-treat
analysis for all variables. The effect size of the difference in
increase in PF between the S and the L group was consist-
ent and comparable in magnitude (d = 0.3), suggesting that
treatment completers and those that did not complete treat-
ment did not differ in this respect.

Discussion

This study demonstrated that genetic variation in the SHTT
gene is associated with change in PF during exposure-
based cognitive-behavioral treatment. Patients carrying a
low-expressing allele had nearly twice the increase in PF
than those with the long allele. The results were robust
across analyses (intent to treat vs. completer) and specific
for PE. That is, there was no evidence for an association
between the polymorphism and change on any other con-
struct related to the treatment of PD/AG including anxiety,
number of panic attacks, agoraphobic avoidance, or anxiety
sensitivity. Recent theorization suggests that the short allele
of the SHTT transporter is not generally advantageous or
disadvantageous per se, but rather its effects depend on
the context in which the individual is responding [3]. This
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Table 2 Pre-treatment to post-treatment change (effect sizes) as a function of the SHTT polymorphism

Intent to treat (N = 228)

Completer (N = 194)

Short (N =156) Long (N=72) F p d Short (N =132) Long (N=62) F p d

ES SD ES SD ES SD ES SD
Psych. flexibility 0.7 0.9 0.4 0.8 6.2 0.013 0.4 0.8 0.9 0.5 0.8 5.9 0.016 0.4
HAM-A total -2.1 1.5 -2.0 14 0.5 0.460 0.1 —-2.3 14 22 1.3 0.1 0.755 0.1
CGI total 2.4 1.7 2.4 1.7 0.0 0.924 0.0 —2.6 1.6 -2.6 1.5 0.0 0.983 0.0
Nr. panic attacks -0.6 1.0 -0.6 1.0 0.0 0.864 0.0 -0.6 1.0 —0.6 1.0 0.0 0.962 0.0
MI—alone subscale —1.1 0.9 —-1.1 0.8 0.2 0.650 0.0 —-1.2 0.9 —-1.2 0.8 0.1 0.812 0.0
Anxiety sensitivity —-1.2 1.1 —1.1 1.0 0.2 0.630 0.1 —-1.3 1.1 —1.3 0.9 0.1 0.761 0.0

Psych. Flexibility = psychological flexibility (Acceptance and Action Questionnaire II); HAM-A = Hamilton Anxiety Scales; CGI = Clinical
global impression; MI—Alone = Mobility Inventory Alone Subscale; Anxiety Sensitivity = Anxiety Sensitivity Index; ES = effect size based

on the calculation (post-baseline)/SD of the baseline; d = Cohen’s d of the difference between S and L groups

evolutionarily informed perspective is consistent with these
data.

To our knowledge, only a few previous studies have
examined the relation between the 5HTT polymorphism
and treatment outcome in different disorders. For example,
the short allele has been associated with poorer outcome
(defined as symptom intensity) in exposure-based treatment
for posttraumatic stress disorder [41]. However, the oppo-
site was the case in children with anxiety disorders under-
going CBT (outcome defined as the absence of anxiety
symptoms; [42]. Two further studies did not find any signif-
icant effect: either with panic disorder [43] or with depres-
sion [44]. Again, these studies defined outcome in terms of
symptom reduction. The present study was consistent with
these studies that failed to find a significant effect insofar as
outcome is defined as symptom reduction.

The present findings concentrating on PF as opposed to
symptoms may help account for the seemingly inconsist-
ent findings observed in previous therapy outcome stud-
ies. These results may also help interpret the contradictory
literature examining the relation between SHTT and other
constructs. In other words, a tight link between endophe-
notypes that tap into functional learning processes and
neurobiological processes is needed. We assume that PF is
a construct with evolutionary implications (i.e., increased
variation of behavior, greater context sensitivity to the
effects, and selective retention of behaviors that work for an
individual’s chosen goals [23]), thereby offering a stronger
link from phenotype to other levels of analysis and pro-
cesses. Behavioral flexibility may propel rapid evolutionary
change [45], and extant evidence suggests that this can be
replicated across species. For example, our data well mirror
the effect of SHTT knockout in rodents on flexible adap-
tation to environmental changes [3]. Taken together, these
factors may be more useful in bridging levels of analyses
and allow for clearer integration into the larger literature of
evolutionary relevant change.
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Methodologically, the present study utilized a longitu-
dinal approach as opposed to cross-sectional association
analyses (i.e., only at post-treatment or cross-sectional pop-
ulation study). These data thus allow for the examination
of change in the endophenotype expression following treat-
ment. Such an approach is oriented toward an understand-
ing of what is learned during the therapy and in turn how
the polymorphism interacts with this learning process—in
the present case over the course of an intensive 6-week
therapy. This perspective is consistent with findings that
morphological change can occur quite rapidly and may be
directly related to flexibility [45].

There are several possible mechanisms how the short
allele may be associated with increases in flexibility. PF
has been linked to frontal cortical executive functions [46].
Considering recent data suggesting that the short allele of
SHTT-LPR is associated with better attention and working
memory function [19, 21], it is conceivable that the short
allele of SHTT-LPR may lead to enhanced performance of
the frontal cortex, at the trade-off of increased susceptibil-
ity and sensitivity to environmental adversity and associ-
ated negative emotionality.

These findings are important for several reasons. First,
these data show that the association between genetic poly-
morphism and change in phenotype observed was specific
for PE. This is consistent with a growing literature of PF
and recent evolutionary interpretations of genetic findings.
In particular, it is consistent with previous research show-
ing that promotion of PF leads to better functioning par-
tially independent of symptoms [9, 13]. To the extent that
these findings are consistent and replicated, the linking of
flexibility concepts across levels of analysis represents a
potential integrated step forward for treatment and basic
research. The endophenotype PF may map on to the func-
tional importance of the SHTT polymorphism better than
constructs that purely capture diagnostic symptoms [5, 8, 9,
23]. Further studies should examine under what conditions
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and in interaction with which genotype PF is also influ-
enced by other environmental factors. Our data suggesting
that SHTT-LPR short allele carriers benefit from a greater
potential to increase PF might provide an explanation why
this allele remains in the population and further adds to the
notion that this polymorphism should rather be dubbed a
plasticity variant [22] than a vulnerability variant [47].

This study is limited in several ways. First, these
analyses are ad hoc in nature. Although the data within
the research network was collected in order to facilitate
analyses across levels (i.e., genes, questionnaires, etc.),
they were not collected to specifically address the current
hypothesis. Thus, appropriate caution should be used when
interpreting the results. Second, the sample consisted of
patients recruited and treated in a randomized controlled
trial. While the tight methodological rigor facilitates analy-
ses such as those in this paper, it is not clear whether these
results would translate to other settings or treatments.
Third, the usual caveats of candidate gene studies apply
(i.e., low sample size, other variants in linkage disequi-
librium underlie the association, etc.). Although we thus
encourage caution until these results can be replicated, we
believe that these preliminary data contribute to the uni-
fying theoretical framework across coordinated levels of
selection and proposes a phenotype that should be exam-
ined in future studies.
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