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Abstract
We sought to determine differences in efficacy and tolerability between different doses of
selective serotonin reuptake inhibitors in the treatment of obsessive-compulsive disorder (OCD)
using meta-analysis.. We identified 9 studies involving 2268 subjects that were randomized,
double-blind placebo-controlled clinical trials that compared multiple, fixed-doses of selective
serotonin reuptake inhibitors (SSRIs) to each other and to placebo in the treatment of adults with
OCD. Change in Y-BOCS score, proportion of treatment responders, and dropouts (all-cause and
due to side-effects) were determined for each included study. Weighted mean difference was used
to examine mean change in Y-BOCS score. Pooled absolute risk difference was used to examine
dichotomous outcomes. Meta-analysis was performed using a fixed effects model in RevMan
4.2.8. We found that compared with either low or medium doses, higher doses of SSRIs were
associated with improved treatment efficacy, using either Y-BOCS score or proportion of
treatment responders as an outcome. Dose of SSRIs was not associated with the number of all-
cause dropouts. Higher doses of SSRIs were associated with significantly higher proportion of
dropouts due to side-effects. These results suggests that higher doses of SSRIs are associated with
greater efficacy in the treatment of OCD. This SSRI efficacy pattern stands in contrast to other
psychiatric disorders like Major Depressive Disorder. This greater treatment efficacy is somewhat
counterbalanced by the greater side-effect burden with higher doses of SSRIs. At present, there are
insufficient data to generalize these findings to children or adolescents with OCD.
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INTRODUCTION
Obsessive-Compulsive Disorder (OCD) is characterized by obsessions (unwanted, intrusive
thoughts, impulses or images) and compulsions (mental or physical acts undertaken to
relieve the anxiety of the obsession) that cause distress. OCD has several symptom
dimensions, including hoarding, forbidden thoughts (aggression, sexual and religious
obsessions), symmetry (symmetry obsessions and counting, ordering, repeating and
arranging compulsions) and cleaning, that are stable across the lifespan.1, 2 OCD has a
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cross-sectional prevalence between 1% and 3% and is projected to become one of the top 10
leading causes of disability worldwide within the next 20 years.3–5

Cognitive behavioral therapy and pharmacotherapy with selective serotonin reuptake
inhibitors (SSRIs) are the first-line treatments for OCD.6 SSRIs have been demonstrated to
have superior efficacy to placebo 7. A recent meta-analysis suggested that SSRIs have a
number needed to treat (NNT) to achieve treatment response of 5.4 (95% CI: 3.9–8.2) when
compared to placebo 7. Many OCD experts advocate the use of higher and quickly
escalating doses of SSRI in the treatment of OCD, as compared to other conditions where
antidepressants are effective, such as other anxiety disorders and major depressive disorder.
6, 8 The American Psychiatric Association Practice Guidelines recommend higher target
doses of SSRIs in the treatment of OCD than they do for depression.9, 10 The clinical
definitions of treatment resistance and refractory OCD require patients to fail to experience
improvement on multiple SSRI at the maximum tolerated dose for an adequate duration (at
least 2 months) 8. Thus OCD patients are treated with higher doses of SSRI compared to
many other conditions before progressing to alternative or augmentation therapies However,
controlled studies have not consistently shown benefit from higher doses of SSRIs, which
may carry a higher side effect burden. Indeed, a meta-analysis of antidepressant agents in
the treatment of Major Depressive Disorder has demonstrated a significantly increased side-
effect burden but no improvement in efficacy with higher doses.11 In OCD, some fixed-
dose SSRI studies have demonstrated greater efficacy with higher doses of SSRIs12, 13
while most have not.14–19 No such meta-analyses have been conducted for the treatment of
OCD.

The goal of this current meta-analysis was to better quantify the dose-response relationship
of SSRI in the treatment of adults with OCD. We examined double-blind, placebo-
controlled, fixed-dose trials of SSRIs that included multiple drug dosages, to determine (1) if
higher doses of SSRI are more effective in the treatment of OCD compared to lower doses
and (2) the relative side effect burden of higher doses of SSRI compared to lower doses.

MATERIALS AND METHODS
Search Strategy for Identification of Studies

Two reviewers (JM and MHB) searched PubMed on November 1, 2008 for relevant studies
using the search ((serotonin uptake inhibitors or fluoxetine or sertraline or paroxetine or
citalopram or escitalopram or fluvoxamine) and obsessive-compulsive disorder) and limited
the search to randomized clinical trials. There was no language limitation on our search. The
references of relevant review articles, (identified using the same search strategy but limited
to review articles), were scanned for additional eligible trials. Additionally, the Food and
Drug Administration website at
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?
fuseaction=Search.Search_Drug_Name was searched for additional unpublished fixed dose
drug trials used for FDA approval of serotonin reuptake inhibitors for OCD, using the
generic names of the medications.

Selection of Studies
The titles and abstracts of studies obtained by this search strategy were scrutinized by two
reviewers (JM and MHB) to determine if they were potentially eligible for inclusion in this
review. Eligibility for the study was based upon scrutiny of the full articles for the following
inclusion criteria (1) they were randomized clinical trials comparing at least two different
fixed doses of a single selective serotonin reuptake inhibitor with each other and with
placebo; (2) participants included were adults diagnosed with Obsessive-Compulsive
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Disorder by explicit criteria i.e. DSM-IV or ICD-10 criteria and (3) Obsessive-compulsive
disorder symptom severity was measured before and after medication treatment using the
Yale-Brown Obsessive-Compulsive Scale (Y-BOCS).20

Outcome Measures
Our primary outcome measure was mean change in Y-BOCS severity during the course of
treatment. Secondary outcome measures included proportion of treatment responders
(assessed by the original manuscript criteria), proportion of dropouts, and proportion of
dropouts due to side effects. The latter two measures served as a proxy for medication
tolerability. The trade-off between improved efficacy and increased side effect burden is
important when considering dose increases of medication.

Meta-Analytic Procedure Used
All statistical analysis was performed using RevMan 4.2.8 and specially designed
spreadsheets in Microsoft Excel. Our primary outcome (mean change in Y-BOCS score)
was analyzed using weighted mean difference. Secondary outcome measures (proportion of
treatment responders, proportion of dropouts and proportion of dropouts due to side effects)
were analyzed using pooled absolute risk difference (ARD). Low, medium and high dose
categories of SSRI of each available SSRI were calculated based on fluoxetine equivalents
of SSRI medications used in previous meta-analytic studies of antidepressants and according
to the APA dose recommendations for individual SSRI in OCD.9, 11 Table 1 depicts dose
stratification categories of all eligible SSRIs, which were determined prior to identification
of studies. The initial test of significance for continuous data was a one-way ANOVA. The
Chi-Square Test for Trend was used for dichotomous outcomes. If this initial test was
significant (p<0.05) then each of the SSRI dose categories (Low, Medium, High and
placebo) was compared to each other in RevMan 4.2.8 to detect significant differences. For
all outcome measures, 95% confidence intervals (CI) are reported. The number needed to
treat or harm (NNT or NNH) is also reported, as this statistic is the most clinically relevant
when considering the use of medications to treat OCD. Publication bias was analyzed by
entering data from included trials into a funnel plot (trial effect size plotted against sample
size).

Heterogeneity between trials was assessed visually from the forest plots and assessed using
the I2 heterogeneity statistic and χ2 for homogeneity in RevMan. If heterogeneity was
determined (p-value less than 0.1 for the χ2 for homogeneity in RevMan) for any of the
analyses we planned several stratified meta-analyses to explore sources heterogeneity. In
cases of significant heterogeneity we planned to stratify studies by (1) type of SSRI and (2)
length of SSRI treatment (less than 6 weeks, 6–8 weeks, greater than 8 weeks of treatment
with SSRI).

RESULTS
Included Studies

Nine studies involving 2268 adult subjects are included in this meta-analysis.12–19, 21 Table
2 depicts the characteristics of included studies. None of the 9 studies demonstrated an SSRI
dose-response curve with increasing improvement in Y-BOCS score for each dosing
category. There were 3 included studies that examined fluoxetine, 2 studies examined
sertraline and single studies that examined fluvoxamine, citalopram, escitalopram and
paroxetine. One additional study was excluded from the meta-analysis because its data was
part of another included study.22
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SSRI Efficacy
One-way ANOVA demonstrated a significant difference in mean change in Y-BOCS score
with different SSRI doses (F=10.8, df=3, p<0.001). All three SSRI dose categories, Low
(WMD=2.5, 95% confidence interval (CI): 1.6–3.4, z=5.6, p<0.001), Medium (WMD=2.6,
95% CI: 1.7–3.5, z=5.5, p<0.001) and High (WMD=3.9, 95% CI: 2.9–4.9, z=7.8, p<0.001)
showed significantly greater improvement in Y-BOCS scores when compared to placebo.
Furthermore, high dose SSRI pharmacotherapy showed significantly greater improvement in
Y-BOCS score than low (WMD=2.1, 95% CI: 1.0–3.1, z=4.0, p<0.001) or medium
(WMD=1.8, 95% CI: 0.7–2.9, z=3.3, p=0.001) dose SSRI pharmacotherapy. Medium dose
SSRI pharmacotherapy failed to show significantly greater improvement in Y-BOCS score
compared to low-dose SSRI pharmacotherapy (WMD=0.4, 95% CI: −0.5–1.4, z=0.9,
p=0.4).

The chi-square test for trend demonstrated a significantly increased likelihood of treatment
response with higher doses of SSRI (χ2=27.1, df=1, p<0.001). All three dose categories of
SSRI treatment, low (ARD=0.16 (95%CI: 0.11–0.22), NNT=6.3 (95%CI: 4.5–9.1), z=5.7,
p<0.001), medium (ARD=0.16 (95%CI: 0.10–0.21), NNT=6.3 (95%CI: 4.8–10.0), z=5.4,
p<0.001) and high (ARD=0.22 (95%CI: 0.16–0.28), NNT=4.5 (95%CI: 3.6–6.3), z=7.2,
p<0.001) were statistically superior in terms of treatment response when compared to
placebo. High doses of SSRI were statistically superior to medium dose pharmacotherapy
(ARD=0.08 (95%CI: 0.01–0.15), NNT=12.5 (95%CI: 6.7–100), z=2.3, p=0.02) and low
dose pharmacotherapy (ARD=0.07 (95%CI: 0.00–0.14), NNT=14.3 (95%CI: 7.1–∞),
z=2.0, p<0.05). Medium dose SSRI did not show significant differences in likelihood of
treatment response compared to low dose SSRI pharmacotherapy (ARD=0.01 (95%CI:
−0.06–0.07), NNT=100 (95%CI: 14.3–∞), z=0.2, p=0.86). There was no evidence of
heterogeneity or publication bias in either outcome of treatment efficacy. Figure 1 graphs
the mean change in Y-BOCS score and proportion of treatment responders by SSRI dose
category.

SSRI Tolerability
There was no significant trend in terms of the proportion of all-cause dropouts based on
SSRI dose (χ2=1.6, df=1, p=0.20). None of the different SSRI dose categories differed from
placebo or each other in proportion of all-cause dropouts.

The chi-square test for trend demonstrated significantly increased likelihood for dropouts
due to side-effects at higher doses of SSRI (χ2=13.6, df=1, p<0.001). High (ARD=0.07
(95%CI: 0.03–0.11), NNH=14.3 (95%CI: 9.9–50.0), z=3.5, p<0.001) and medium
(ARD=0.06 (95%CI: 0.02–0.10), NNH=16.7 (95%CI: 10.0–50.0), z=3.1, p<0.001) doses of
SSRI led to significantly more dropouts due to side-effects than the placebo. Low dose SSRI
pharmacotherapy (ARD=0.02 (95%CI: −0.01–0.06), NNH=50.0 (95%CI: 16.7–∞), z=1.2,
p=0.23) was not significantly different from placebo in this measure. High dose SSRI
pharmacotherapy (ARD=0.05 (95%CI: 0.01–0.09), NNH=16.7 (95%CI: 11.1–100), z=2.2,
p=0.03) had a greater proportion of dropouts due to side-effects than low-dose
pharmacotherapy. High dose pharmacotherapy (ARD=0.01 (95%CI: −0.03–0.06),
NNH=100 (95%CI: 16.7–∞), z=0.5, p=0.60) was not significantly different from medium
dose SSRI pharmacotherapy in terms of dropouts due to side-effects Medium dose SSRI
pharmacotherapy did not separate from low-dose SSEI pharmacotherapy in terms of
dropouts due to side-effects (ARD=0.04 (95%CI: −0.01–0.08), NNH=25.0 (95%CI: 12.5–
∞), z=1.6, p=0.11). There was no evidence of heterogeneity or publication bias in either
outcome of treatment tolerability. Figure 2 graphs the proportion of all-cause dropouts and
dropouts due to side-effects by SSRI dose category.
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DISCUSSION
In this meta-analysis we demonstrated that higher doses of SSRI are more effective than
lower doses of SSRI in the treatment of adults with OCD. Although all doses of SSRI
pharmacotherapy were more effective than placebo, high-dose SSRI treatment resulted in a
significantly greater Y-BOCS reduction compared to low and medium dose SSRI treatment.
The proportion of treatment responders was also associated with increased SSRI dosage. For
every 13–15 OCD patients treated with high as opposed to low or medium dose SSRI
pharmacotherapy, 1 will respond to treatment who would not have responded at the lower
doses of treatment. Additionally, a typical OCD patient seeking treatment (Y-BOCS=24) on
average would experience a 9% or 7% greater decline in OCD symptoms on high-dose SSRI
compared to low and medium SSRI treatment respectively. These results support the APA
practice guidelines that set higher target doses of SSRI use in OCD when compared with
those recommended for depression.6, 9 This contrasts with a meta-analysis examining the
dose-response relationship for antidepressant medications for the treatment of major
depressive disorder, which failed to demonstrate any improved efficacy with higher doses,
in striking contrast to our results in OCD.11

All-cause dropouts were not significantly related to SSRI dose. However, higher doses of
SSRI were associated with increased dropouts due to side-effects, compared to lower doses
of SSRIs or placebo. For every 17 OCD patients treated with high rather than low-dose
SSRI pharmacotherapy one will drop out due to side-effect who would not have at lower
doses. These results together suggest that the increased side-effect burden of SSRIs at higher
doses may be counterbalanced by the increased treatment efficacy, at least as measured by
all-cause discontinuation.

There are several limitations to this meta-analysis. Although we demonstrated no
heterogeneity between studies, there were likely too few eligible studies in our meta-analysis
to powerfully address dose-response differences between individual SSRIs. A recent meta-
analysis examining the efficacy of different agents in the treatment of OCD found no
significant differences between SSRI agents; but dosage was not addressed in this analysis.7
There were also too few studies in the current meta-analysis to examine treatment duration,
which influences SSRI efficacy. However, all trials included in this meta-analysis had a
fairly similar duration of treatment of 8–13 weeks. Although there was no evidence of
publication bias in funnel plots of standard error of studies versus treatment effects, we
cannot entirely exclude the possibility of publication bias below the level we are able to
detect.

The results of this meta-analysis support expert opinion that higher doses of SSRI are more
effective in the treatment of adults with OCD Higher doses of SSRIs than those used in
these studies may be of additional benefit to some patients. A double-blind study examining
supratherapeutic doses of sertraline (up to 400mg/day) in non-responders to a maximal
recommended dose of sertraline (200mg/day) reported significant improvement at even
these higher doses of treatment.23 Further research is needed to rigorously address the utility
of these higher doses of SSRIs in the treatment of OCD. Further research is also needed to
examine the dose-response relationship in specific populations; in particular, no fixed dose
studies have been published in pediatric patients with OCD.
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Figure 1. SSRI Dose-Response Relationship
Plots track changes in Y-BOCS ratings (blue) and Absolute Difference in Percentage
Treatment Responders (red) of Selective Serotonin-Reuptake Inhibitors (SSRIs) when
compared to placebo. *=statistically significantly greater response compared to placebo, #=
statistically significantly greater response when compared to low-dose SSRI
pharmacotherapy and ^= statistically significantly greater response when compared to
medium-dose SSRI pharmacotherapy. Threshold for statistical significance is less than 0.05
and results apply to both measures of response
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Figure 2. SSRI Dose-Tolerability Relationship
plots absolute risk of dropout, all-cause (blue) and attributable to side-effects (red) of
Selective Serotonin-Reuptake Inhibitor (SSRI) dose categories when compared to placebo.
*=statistically significantly greater dropout due to side-effects compared to placebo, #=
statistically significantly greater dropout rate due to side-effects when compared to low-dose
SSRI pharmacotherapy. Threshold for statistical significance was less than 0.05 and there
were no significant findings related to all-cause dropouts.
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