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A B S T R A C T

The apparent efficacy of d-cycloserine (DCS) for enhancing exposure treatment for anxiety disorders appears to
have declined over the past 14 years. We examined whether variations in how DCS has been administered can
account for this “declining effect”. We also investigated the association between DCS administration char-
acteristics and treatment outcome to find optimal dosing parameters. We conducted a secondary analysis of
individual participant data obtained from 1047 participants in 21 studies testing the efficacy of DCS-augmented
exposure treatments. Different outcome measures in different studies were harmonized to a 0-100 scale. Intent-
to-treat analyses showed that, in participants randomized to DCS augmentation (n=523), fewer DCS doses,
later timing of DCS dose, and lower baseline severity appear to account for this decline effect. More DCS doses
were related to better outcomes, but this advantage leveled-off at nine doses. Administering DCS more than
60minutes before exposures was also related to better outcomes. These predictors were not significant in the
placebo arm (n= 521). Results suggested that optimal DCS administration could increase pre-to-follow-up DCS
effect size by 50%. In conclusion, the apparent declining effectiveness of DCS over time may be accounted for by
how it has been administered. Optimal DCS administration may substantially improve outcomes.

Registration: The analysis plan for this manuscript was registered on Open Science Framework (https://osf.
io/c39p8/).

1. INTRODUCTION

Cognitive-behavior therapy (CBT) is a treatment of choice for an-
xiety and related disorders (Carpenter et al., 2018). Accordingly, stra-
tegies to enhance the efficacy of CBT have garnered substantial interest.
One strategy is the use of d-cycloserine (DCS) administered in con-
junction with exposure therapy sessions (Mataix-Cols et al., 2017; Otto
et al., 2015). DCS is a partial agonist at the N-methyl-D-aspartate
(NMDA) glutamatergic receptor, and its administration is presumed to
improve memory consolidation (Davis et al., 2006). Initial small-scale
investigations showed large effects for the addition of DCS to exposure
therapy (Hofmann et al., 2006; Otto et al., 2015; Ressler, Rothbaum,
Tannenbaum, & et al, 2004). Yet, the apparent efficacy of DCS as an
augmentation strategy seems to have declined over the years. Sequen-
tial meta-analytic reviews documented effect sizes of d= .60 for 8
clinical trials in 2008 (Norberg et al., 2008), d= .46 for 9 trials in 2014
(Bontempo et al., 2012), d= .34 for 13 studies in 2014 (Rodrigues
et al., 2014), and g= .12-.27 for 23 trials in 2017 (Bürkner et al.,
2017). We contributed to this documentation with our own recent
meta-analysis in 2017 (Mataix-Cols et al., 2017), this time utilizing
individual-participant data (IPD) from over 1,000 participants across 21
studies (ds= .21-.27). In that meta-analysis, we found that the aug-
mentation effect of DCS (CBT+DCS vs. CBT+ placebo) decreased
significantly over time (from the initial study in 2004 through the
submission of our meta-analysis in 2016). This trend was also reported
in Bürkner et al. (2017). Given that the data collected for our IPD meta-
analysis included a range of variables, including both individual char-
acteristics (from demographics to how many DCS doses each person
actually received) and characteristics of the study (e.g., timing of the
administration of DCS), we have a unique opportunity to carefully ex-
amine a wide range of possible factors that might explain the apparent
declining effectiveness of DCS across the time frame covered by the
meta-analysis. Thus, the purpose of the present study was to investigate
both individual level and study level variables that might account for
this declining effectiveness of DCS that was observed in our meta-
analysis (Mataix-Cols et al., 2017).

Declining effects over time are common in biopsychosocial research
(Gehr et al., 2006; Monsarrat & Vergnes, 2018; Trikalinos et al., 2004),

but the explanations of these declining effects are elusive (Gehr et al.,
2006). In this article, we examine some potential explanations of the
apparent declining effect size of DCS over time, with our primary focus
on how DCS has been administered. In particular, investigators may
have unwittingly trended away from optimal dosing strategies over
time. For example, an early meta-analysis (Norberg et al., 2008) sug-
gested that DCS may be more effective in limited doses. This may have
led to fewer doses in more recent studies. This is an especially apt issue
for DCS given the lack of dose-finding and dose-timing studies
(Hofmann et al., 2015; Hofmann et al., 2011; Otto et al., 2015).

Using data from our previous IPD meta-analysis (Mataix-Cols et al.,
2017), we were primarily interested whether the DCS “decline effect”
observed in that meta-analysis was accounted for by the manner in
which DCS has been administered across the time frame covered by the
studies in that meta-analysis (DCS dose, number of DCS doses, and
timing of the doses). Our focus was not on how the administration of
DCS has changed over the years, since subtle changes across a number
of different dimensions may account for the decline effect. Instead, we
focused on whether controlling for these factors accounts for the de-
cline effect that was evident in the sequence of meta-analyses and
which was found in our previous IPD meta-analysis (Mataix-Cols et al.,
2017). Hence, we believed it was appropriate and important to conduct
a secondary analysis of the same dataset rather than perform a new
analysis of an updated data set including new studies published since
the last meta-analysis was published. A second, equally important goal
of this paper is to determine which variables are related to outcome for
participants that are treated with DCS-augmented CBT. The third goal
of this paper is to ascertain the optimal DCS administration parameters.
Determining the optimal DCS dosing parameters could help maximize
patient outcomes in real-world application of CBT augmented with DCS
(CBT+DCS).

Thus, we used Multilevel modeling (MLM) to analyze IPD from the
21 studies which compared CBT+DCS to CBT+Placebo over the last
14 years, using raw data from our previous IPD meta-analysis (Mataix-
Cols et al., 2017). Our primary analyses included only the participants
in the CBT+DCS treatment condition. These analyses determined if 1)
outcome severity is worse in CBT+DCS in more recent studies, and 2)
if that effect was eliminated when putative predictors are controlled by
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adding them as additional independent variables (predictors) in the
MLM model. This latter analysis also provided important information
on which DCS-related predictors are significantly associated with out-
comes and suggests how to optimize DCS treatment outcome. We ex-
amined predictors of outcome in CBT+DCS, rather than moderators of
the difference between the CBT+DCS and CBT+Placebo groups,
because 1) the effect of DCS dose cannot be examined as a moderator in
a sample which includes CBT+Placebo as well as CBT+DCS since
dose=0 for all CBT+Placebo participants, 2) there is considerable
variability in placebo responsivity (Furukawa et al., 2016), which can
cloud the interpretation of moderators of between-group effects thereby
masking such effects, and 3) interaction effects are smaller and involve
more variability than main effects, which could result in missing a
factor that might be a significant predictor of outcome for participants
receiving DCS. However, we repeated our analyses in the CBT+Pla-
cebo group. If it is DCS that is responsible for the effects that we observe
in the CBT+DCS analyses, and not some spurious variable, we would
expect that the predictive variables would not be significant in the
placebo group.

2. Material and methods

2.1. Participants

Details of the method can be found in our previous paper (Mataix-
Cols et al., 2017). Briefly, an IPD meta-analysis was performed fol-
lowing the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses of Individual Participant Data protocol. Inclusion criteria
were: (1) double-blind, randomized, placebo-controlled trials ex-
amining DCS augmentation of CBT which incorporated exposure; and
(2) studying either social anxiety disorder (SAD), panic disorder with or
without agoraphobia (PD/A), specific phobia (SP), obsessive-compul-
sive disorder (OCD), or posttraumatic stress disorder (PTSD).

The search (see (Mataix-Cols et al., 2017)) yielded 22 studies, from
which IPD from 21 studies was obtained (total N= 1,047: N=523 in
CBT+DCS, N=521 in CBT+Placebo, and N=3 without treatment
assignment information). These studies were published between Jan-
uary 2004 and February, 20161 . Participant data included sex, age,
diagnosis, number of DCS (or placebo) doses received, timing of pill
administration (number of minutes before/after the exposure sessions),
DCS dose (in mg), number of CBT sessions completed, and the primary
outcome at major treatment time-points (baseline, mid-treatment, post-
treatment, and final follow-up, as measured by the primary outcome for
each study). Because different studies had different outcome measures,
we transformed outcomes into ranked data to ensure a common metric
across studies (these “harmonized” scores ranged 0-100; higher num-
bers indicated worse symptoms; see Mataix-Cols et al. (2017) for de-
tails).

2.2. Data analysis

The analysis plan was registered on Open Science Framework
(https://osf.io/c39p8/). The distributions of the variables were ex-
amined and appropriate transformations were used to improve non-
normal distributions and to address outliers. Three-level multilevel
modeling (MLM) was used to analyze the data (repeated assessments

nested within individuals, who were nested within studies). These
analyses were conducted using the mixed effects models in SPSS 24.
Mixed effects models in SPSS use the conservative Satterthwaite ap-
proximation to calculate degrees of freedom for the t-tests of the re-
gression coefficients. This approach results in degrees of freedom that
are different for every regression coefficient.

MLM is intent-to-treat, including all participants regardless of
missing data, thereby improving power and generalizability. Level-1 of
the MLM analysis modeled outcome severity for participants over the
course of their study. Assessments were at baseline, mid-treatment,
post-treatment, and follow-up. Since inaccurate models for change over
time can produce misleading results, various growth curve models
(GCMs) for the change in outcome from baseline to follow-up for each
participant (linear, quadratic, logarithmic, hyperbolic, categorical time,
and piecewise) were examined to determine the model that best fit the
data (based on Akaike’s Information Criterion [AIC] and Schwartz’s
Bayesian Criteria [BIC]). The best-fitting and hence final GCM was
hyperbolic time (referred to hereafter as Time), indicating that parti-
cipants’ outcomes from baseline to follow-up showed rapid improve-
ment followed by rapid leveling-off. The primary endpoint was the final
follow-up. P was set at .05, two-tailed. Approximate effect sizes were
calculated using the t to d conversion.

To assess the decline effect, we added “publication year” and the
Time by publication year interaction to the basic GCM (which included
only Time). A significant positive regression coefficient for the Time by
publication year interaction will suggest that pre-to-follow-up im-
provement is smaller in more recent studies. Because a meta-analysis
(Gehr et al., 2006) showed that the decline effect for certain drugs was
partially explained by differences in baseline severity, we next ex-
amined whether baseline severity, and the interaction between Time
and baseline severity, accounted for the decline effect. In the final
model, we added the balance of our putative predictors of improvement
to the model. To avoid unnecessarily inflating Type 1 error, we limited
the number of predictors in this analysis to the variables that were ei-
ther 1) significant predictors of outcome in our previous analysis
(Mataix-Cols et al., 2017), those predictors being sex, diagnosis, and
number of treatment sessions, as well as 2) the three predictors that
reflected characteristics of DCS administration (DCS dose, number of
doses, and timing of the doses). These variables, and their interactions
with Time, were added to the model that already included publication
year and baseline severity. We included quadratic terms for all con-
tinuous predictors (curvilinear relations were not examined in our
previous meta-analysis), but dropped non-significant quadratic terms.
Finally, since baseline severity might moderate the effect of number of
treatment sessions on outcome (i.e., more sessions might be especially
helpful for participants with greater baseline severity), we included the
baseline severity by number of sessions interaction, and the baseline
severity by number of sessions by Time interaction in the analysis.
Continuous predictors were standardized. We will infer that the vari-
ables in the model account for much of the declining effectiveness of
DCS if publication year is not significant in this final analysis (assuming
that it is significant in the previous analysis). This analysis was designed
to show which variables were significant predictors of outcome in DCS
treatment, and potentially show optimal dosing parameters for redu-
cing outcome severity in CBT+DCS.

Power analyses, using Optimal Design (Spybrook et al., 2019), in-
dicated power> .80 to detect small effect sizes (Cohen’s d= .20) for
individual-level predictors of outcome. For study-level predictors, we
had power> .60 to detect a large effect size (d= .80).

3. RESULTS

3.1. Baseline characteristics

Information on baseline characteristics of the full sample can be
found in our previous paper (Mataix-Cols et al., 2017). The present

1 Subsequent to that time, nine additional studies (Arman et al., 2017; de
Leeuw, van Megen, Kahn, & Westenberg, 2017; Farrell et al., 2018; Hofmeijer-
Sevink et al., 2017; Otto et al., 2016; Pyrkosch et al., 2018; Rapee et al., 2016;
Sheerin et al., 2016; Storch et al., 2016) have been published that would
have met inclusion criteria, but they are not included in the present
analysis because 1) we did not have individual participant data for those
studies and 2) the purpose of the present study was to explain the decline
effect observed in our prior meta-analysis.
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analysis included the 523 individuals in the CBT+DCS treatment
condition in the 21 studies included from the previous IPD meta-ana-
lysis. The sample included 254 males (48.6%). Mean age was 32.3 years
(SD=13.7, range: 7-70). There were 145 participants with SAD, 142
with OCD, 131 with PTSD, 66 with SP, and 39 with PD/A. The average
number of DCS doses was 4.61 (SD=2.85, range: 0-12; see Fig. 1a).
The DCS dose ranged from 25-500mg (Fig. 1b), and was highly skewed
(skewness= 3.90). Log-transforming dosage did not sufficiently reduce
skewness (skewness= 2.34). However, an inverse transformation did
reduced skewness to acceptable levels (skewness= .31). Thus, the in-
verse transformed dosage variable was used in analyses. The timing of
administration of DCS (Fig. 1c) varied from 240minutes before ex-
posure (coded -240) to 15minutes after exposure (coded 15), with al-
most 70% of cases receiving DCS 60minutes before exposure (coded
-60). No transformation of the dose timing data reduced skewness to
acceptable levels. Thus, we recoded DCS timing into 3 groups: more
than 60minutes before exposure (11.3% of cases), exactly 60minutes
before exposure (69.8% of cases), and less than 60minutes before ex-
posure (including administration after exposure) (18.8%). We dummy
coded the three categories with 2 dummy variables. Sensitivity analyses
using dose timing as a linear predictor yielded the same results as re-
ported below (but this model using linear time was a worse fit to the
data [p= .03] than our model using categorical DCS timing).

3.2. Testing the decline effect

To test the decline effect, we added the following variables to our
basic growth curve model (which included only Time): year published,
Time by year published, year published squared, and Time by year
published squared (in these analyses only, year published was not z-
scored to enhance interpretation). The quadratic effects for year pub-
lished were not significant, so they were dropped. Consistent with the
decline effect, results revealed that studies published more recently
showed less pre-to-follow-up improvement than did studies published
earlier, b=5.59, t(673)= 3.58, p < .001, d= .28. Despite the fact
that year published was highly related to improvement in outcome,
year published was not significantly related to outcome severity at
follow-up (p= .094). This finding was likely due to more recent studies
having lower baseline severity (see below).

To determine if the smaller improvement in more recent studies was
a result of changes in baseline severity over time, we controlled for
baseline severity by including it as a predictor and moderator in this
analysis. Still, more recent studies continued to evidence the decline
effect, with more recent studies showing lower pre-to-follow-up im-
provement than earlier studies, b=4.06, t(672)= 2.83, p= .005,
d= .22, and showing higher severity at follow-up, b=3.39, t
(26)= 2.43, p= .022, d= .95 (Fig. 2a). However, the regression
coefficient for the year published by Time interaction did decrease by
27% when baseline severity was controlled, suggesting that a portion of
the decline effect is due to lower baseline severity in more recent stu-
dies. Indeed, baseline severity in studies conducted before 2010 aver-
aged 57.2 while baseline severity in studies conducted in 2010 and
thereafter averaged 49.3. Because lower severity was related to slower
improvement, b=-6.39, t(686)= 18.18, p < .001, d=1.39, lower
baseline severity in more recent studies may partially account for the
lessor improvement in those studies.

3.3. Predictors of improvement

The other putative predictors of DCS treatment outcome (sex, di-
agnosis, number of treatment sessions, DCS dose, DCS timing, and
number of DCS doses) and their interactions with Time were simulta-
neously added to the GCM (which already included baseline severity
and year published with their interactions with Time). In addition,
quadratic terms for the continuous predictors (number of sessions,
dosage, number of doses) and their interactions with Time were also

included in the analysis, along with the baseline severity by number of
treatment sessions interaction. The quadratic terms for number of ses-
sions and dosage were nonsignificant. Thus, they were dropped and the
model recomputed. Finally, since sex and dosage were not significantly
related to outcome, they were also dropped and the final analysis was
computed.

3.3.1. DCS administration-related predictors
The final model showed that participants who were administered

more DCS doses showed more pre-to-follow-up improvement, b=-9.03,
t(715)=-2.67, p= .008, d= .20, and lower follow-up severity, b=-
5.61, t(447)=-2.84, p= .005, d= .27. However, significant quadratic

Fig. 1. Distributions of the DCS administration-related Variables. 1a: Number
of DCS doses received; 1b: DCS Dosage (in mg); 1c: Timing of the administra-
tion of the DCS dose in relation to the beginning of the exposure session.
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effects for DCS doses on both the slope, b=3.58, t(746)= 2.75,
p= .006, d= .20, and on severity at follow-up, b=2.13, t
(276)= 2.77, p= .006, d= .33, showed that the impact of number of
doses leveled off at about 9 doses (Fig. 3a).

Dose timing also emerged as a significant predictor of outcome.
Those who received DCS more than 60minutes prior to exposure
showed significantly more improvement, b=-5.98, t(714)=-3.02,
p= .003, d= .23, and lower severity scores at follow-up, b=-3.62, t
(48)=-2.98, p= .005, d= .86, than those who were dosed 60minutes
prior to exposure. However, it should be noted that only about 11% of
participants received their DCS dose more than 60minutes before ex-
posure. Those who were dosed less than 60minutes prior to exposure
(including dosing after exposure) did not differ from those dosed
60minutes prior (Fig. 3b).

3.3.2. Predictors not related to DCS administration
Diagnosis (a categorical predictor) was significantly related to out-

come, χ2(8)= 51.37, p < .001. Those with OCD and PD/A had the
lowest follow-up severity, followed by those with SAD and SP (Fig. 3c).
Those with PTSD had the highest severity at follow-up.

Total number of sessions attended was not directly related to
treatment outcome for the average participant. However, the number of
sessions x initial severity interaction showed that for those with high
initial severity (1SD above the mean), more sessions were related to
more improvement and to lower follow-up severity, b=-6.95, t(721)
=-4.82, p < .001, d= .36 and b=-4.24, t(1036)=-5.44, p < .001,
d= .34, respectively (Fig. 3d).

In this final model, which included (and therefore controlled for)
our proposed predictors of outcome, year of publication was no longer
significantly related to either slope of improvement, b=-.60, t(670)

=-0.23, p= .821, d= .02, or to follow-up severity, b= .24, t
(56)= 0.14, p= .886, d= .04 (Fig. 2b). Thus, our predictors together
accounted for virtually all of the decline effect. To determine if the
elimination of the decline effect was primarily due to the DCS admin-
istration variables or to the non-DCS factors, we removed the DCS ad-
ministration variables, and recomputed the model. In this analysis,
which did not control for the DCS administration variables but did
control for all the other predictors (e.g., diagnosis, baseline severity,
number of sessions x initial severity, etc.), year of publication was
significantly related to both the slope of improvement, b=6.19, t
(696)= 4.01, p < .001, d= .30, and to outcome severity at follow-up,
b=4.59, t(34)= 4.11, p < .001, d=1.41. Then, when the DCS pre-
dictors were added to these non-DCS predictors, the relation between
publication year and outcome severity decreased by about 95% (e.g.,
the effect of publication year on severity at follow-up decreased from
b=4.59 to b= .24). These results suggest that variables related to DCS
administration may account for a very substantial portion of the decline
effect.

3.4. Additional analyses

We used the regression equation from the final model to predict
what the follow-up severity score would be for the average participant
if she/he had received nine DCS doses administered more than
60minutes before exposure. The predicted value was 0.16 (scale range:
0-100), suggesting that optimal dosing possibly would lead to negligible
severity at follow-up. Additionally, we calculated that the predicted ef-
fect size for the within-subjects change from pre-to-follow-up would
have been d=1.92 if all patients had received 9 DCS doses adminis-
tered more than 60minutes before exposure, whereas the actual within-
subjects pre-to-follow-up effect size for the average participant in the
studies as conducted was only d=1.26.

In exploratory analyses, we next examined additional predictors or
moderators of the DCS effects. First, we investigated whether partici-
pants in studies with larger sample sizes showed lesser improvement in
outcome severity. Sample size was not related to improvement
(ps> .84) when it was added as an additional predictor in our final
model above. Second, we examined whether sex, diagnosis, or age
moderated the effect of the DCS variables by adding the interaction of
those variables with the DCS variables to our final model. None of these
variables (sex, diagnosis, age) moderated the effects of the DCS mea-
sures on outcome. Lastly, we added all the two-way interactions be-
tween the DCS variables to our final model (e.g., dose x number of
doses). None of these interactions was significant.

Because dose timing was significantly related to outcome, yet early
dose timing (more than 60minutes before the exposure session) was
only experienced by about 11% of the sample, we investigated whether
these 11% were biasing the results by performing a sensitivity analysis
which excluded these “early dose timing” participants. Results from this
sensitivity analysis (excluding the early dose timing participants) were
very similar to the results for the entire sample. In particular, as in the
full sample, the following effects were significantly related to slope of
improvement and severity of outcome at follow-up in the sensitivity
analysis: baseline severity, the linear and quadratic effects of number of
DCS doses, diagnosis, and the baseline severity x number of sessions
interaction. Even the effect of the timing of the administration of DCS
was similar to the full sample: as in the analysis with the full sample,
there was no significant difference between those receiving DCS
60minutes before exposure and those receiving DCS less than 60min-
utes before exposure in the sensitivity analysis (which excluded parti-
cipants receiving DSC more than 60minutes before exposure). And,
similar to the full sample, the proportion of the decline effect that was
accounted for by our model in the sensitivity analysis was 93%, com-
parable to the 95% in the full sample.

Finally, the model that was used to predict outcome for the DCS
participants was then applied to the placebo participants (n= 521).

Fig. 2. Outcome Severity at Follow-up as a Function of the Year of Publication.
2a: Before controlling for DCS administration-related variables and other pre-
dictors; 2b: After controlling for DCS administration-related variables and other
predictors.
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The DCS administration variables were not significantly related to
outcome for the placebo participants. However, the non-DCS related
predictors (diagnosis and number of sessions x initial severity) had si-
milar relations with outcome in the CBT+Placebo group as they did in
the CBT+DCS group.

4. DISCUSSION

We observed a linear decline over time in the efficacy of DCS aug-
mentation for 21 studies published across a 14-year period, and found
that characteristics of DCS administration (e.g., the number of DCS
doses, the timing of dosing), along with baseline severity, accounted for
almost all of this declining effect over time. We did not observe the
same results in patients randomized to placebo, suggesting that these
findings are related to DCS, rather than to other nonspecific or un-
measured factors. The DCS declining effect may well be related to the
unique way in which DCS progressed to clinical trials. For example, the
2008 meta-analysis by Nordberg et al. (2008) suggested that fewer DCS
doses might lead to better results because of the rapid development of
tolerance to DCS (Otto et al., 2015). Perhaps because of this publica-
tion, our data shows that the number of DCS doses received by parti-
cipants peaked in 2007 with an average of 9.19 DCS doses in studies
conducted that year, and then declined to an average of only 4.32 doses
in the years after Nordberg et al. (2008) was published. As for the
timing of the DCS administration, Ressler and associates (2004) ad-
ministered DCS 2-4 hours prior to the exposure session. This is con-
sistent with the estimated time to peak concentrations in the brain for
oral administration (D’Souza et al., 2000). Nonetheless, many (88.7%)
subsequent trials administered the study drug just one hour or less
before exposure sessions, based on the assumption that DCS would be
active by the conclusion of the exposure session, in accordance with the
animal literature indicating that delivery of DCS during memory con-
solidation produced extinction augmentation effects (Davis et al.,

2006).
As compared to these somewhat ad-hoc strategies adopted over

time, empirically derived recommendations can now be suggested
based on the current meta-analysis. Our data indicates that participants
might benefit most from about 9 doses of DCS, and from administering
the doses more than 60minutes prior to exposure, although the latter
recommendation is based on a small sample of participants (11%). Our
data do not suggest that a dosage greater than 50mg is more effective
than a 50mg dose. On the other hand, we cannot speculate on whether
the DCS effect may weaken with smaller doses since we had few par-
ticipants (N= 14) who received a dose less than 50mg. Our analysis
suggests that had more studies adopted these parameters for the de-
livery of DCS augmentation, the declining efficacy of DCS may never
have occurred. Indeed, using our MLM regression equation, we were
able to calculate the predicted level of outcome severity at follow-up for
participants if they had received the optimal dosing regimen of nine
doses administered more than 60minutes before exposure therapy. This
predicted level of severity was virtually zero on the harmonized 0-100
severity scale, where zero represents the lowest severity achieved by
any participant in any of the studies. Also, the projected effect size for
within-subjects improvement (baseline-to-follow-up) if the studies had
administered 9 DCS doses more than 60minutes before exposure
therapy was much larger (d=1.92) than the within-subjects, baseline-
to-follow-up effect size for DCS in the studies as they were actually
conducted (d=1.26).

As noted, the decline effect is common in both the psychiatric and
general medical literature. The phenomenon of declining effect sizes
over time has been documented for risk/protective variables
(Monsarrat & Vergnes, 2018) as well as for the efficacy of drugs for both
non-psychiatric (Gehr et al., 2006) and psychiatric conditions
(Trikalinos et al., 2004). Explanations for these effects have been rare,
and may be specific to the variable/drug under study. For example,
Gehr and associates (2006) found that baseline severity, but not study

Fig. 3. Effect of DCS Administration-related Variables and other Significant Predictors on Outcome Severity at Follow-up. 3a: Effect of Number of DCS Doses on
Outcome Severity at Follow-up; 3b: Effect of the Timing of the DCS Dose Relative to the Beginning of the Exposure Session on Outcome Severity at Follow-up; 3c:
Outcome Severity at Follow-up as a Function of Diagnosis; 3d. Effect of Number of Sessions on Outcome Severity at Follow-up as a Function of Baseline Severity.
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size, partially explained the decline effect of certain cholesterol drugs,
with less severe patients being randomized over time and less severe
patients improving less. Still, for several drugs that they studied, year
published continued to account for significant variance in effect sizes
even after controlling for baseline severity. Our results for baseline
severity were similar to the findings in Gehr et al. (2006). Baseline
severity was a significant predictor of clinical improvement during DCS
augmentation, baseline severity was lower in more recent trials, and
baseline severity accounted for some (27%), but not most, of the pre-
diction afforded by year of publication. Further, as in Gehr et al. (2006),
baseline severity did not account for all the decrease in effectiveness of
DCS over the years. However, we were able to explain virtually all
(95%) of the remaining unexplained decline effect using variables re-
lated to the administration of DCS.

Our analyses also revealed other potentially useful information
about predictors and non-predictors of outcome in CBT plus DCS.
Although one should not make strong conclusions from null findings,
neither sex, diagnosis, nor age moderated any of the effects of DCS
administration variables on outcome, nor were larger sample sizes re-
lated to improvement. Additionally, there were no interactions between
DCS dosing variables. Although these null findings must be interpreted
cautiously, they may provide some useful information. On the other
hand, we did find that participants with high baseline severity benefited
more from additional sessions of CBT than those with lower severity,
and that improvement was dependent on the disorder being treated.
These latter two findings appear to be characteristics of CBT itself, ra-
ther than DCS, since they were found to be significant in both the
CBT+DCS group and the CBT+Placebo group.

Several limitations deserve comment. First, although we had suffi-
cient power to detect small effects for individual-level factors, statistical
power was low for detecting study-level effects. Further, given the small
number of studies included in our analyses, the results for the study-
level variables may not generalize to a larger population of studies. In
addition, it is possible that unmeasured third variables account for the
significant relations we observed in this study. Although we included a
number of plausible third-variable candidates in our final model, es-
tablishing causal effects requires future experimental work. In addition,
our finding that earlier administration of DCS may be more beneficial
than later administration of DCS was based on a small portion (11%) of
our participants, and hence requires replication. Finally, in addition to
the treatment of anxiety-related disorders, DCS has been applied as an
augmentation agent for exposure-based CBT for substance dependence,
eating disorders, and psychotic symptoms (Otto et al., 2015). It is not
clear whether the dosage characteristics we recommend have validity
for other disorders.

5. Conclusion

The findings from the present study add to the growing literature on
DCS augmentation for anxiety disorders and show that DCS efficacy
might depend on judicious (and informed) administration of the drug.
The findings also suggest that specific dosing characteristics, as well as
attending to baseline severity, may largely reverse the apparent DCS
decline effect over time. DCS augmentation studies evolved without a
specific dose-finding phase; as such, an analysis of optimal DCS ad-
ministration characteristics represents a needed addition to the DCS
literature. Our findings underscore the importance of parametric re-
search in treatment development. Determining the optimal application
of any clinical strategy requires careful testing of the dosing and timing
of an intervention, which should be guided by theory and empirical
evidence about mechanisms (in this case, DCS and CBT). Thus, these
suggestive results need confirmation in prospectively designed studies
employing the parameters identified as optimal in this reanalysis.
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