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Objective: Previous studies suggested that the treatment
response to selective serotonin reuptake inhibitors (SSRIs) in
majordepressivedisorder followsaflat responsecurvewithin
the therapeutic dose range. The present study was designed
to clarify the relationship between dosage and treatment
response in major depressive disorder.

Method: The authors searched PubMed for randomized
placebo-controlled trials examining the efficacy of SSRIs for
treating adults withmajor depressive disorder. Trials were also
required to assess improvement in depression severity at
multiple time points. Additional data were collected on
treatment response and all-cause and side effect-related
discontinuation. All medication doses were transformed into
imipramine-equivalent doses. The longitudinal data were
analyzed with a mixed-regression model. Endpoint and tol-
erability analyses were analyzed using meta-regression and
stratifiedsubgroupanalysisbypredefinedSSRIdosecategories
in order to assess the effect of SSRI dosing on the efficacy and
tolerability of SSRIs for major depressive disorder.

Results: Forty studies involving 10,039 participants were
included. Longitudinal modeling (dose-by-time inter-
action=0.0007,95%CI=0.0001–0.0013)andendpointanalysis
(meta-regression: b=0.00053, 95% CI=0.00018–0.00088,
z=2.98) demonstrated a small but statistically significant pos-
itive association between SSRI dose and efficacy. Higher doses
of SSRIs were associated with an increased likelihood of
dropouts due to side effects (meta-regression: b=0.00207,
95% CI=0.00071–0.00342, z=2.98) and decreased likelihood
of all-cause dropout (meta-regression: b=–0.00093, 95%
CI=–0.00165 to 20.00021, z=22.54).

Conclusions: Higher doses of SSRIs appear slightly more
effective inmajor depressive disorder. This benefit appears to
plateau at around 250 mg of imipramine equivalents (50 mg
of fluoxetine). The slightly increased benefits of SSRIs at
higher doses are somewhat offset by decreased tolerability at
high doses.

Am J Psychiatry 2016; 173:174–183; doi: 10.1176/appi.ajp.2015.15030331

While the efficacy of selective serotonin reuptake inhibitor
(SSRI) medications and their widespread use is generally
accepted in major depressive disorder (especially in more
severe cases), there remains some uncertainty as to the op-
timal dose for SSRI pharmacotherapy of major depressive
disorder (1–9). Current APA Practice Guidelines state that
“optimizing the medication dose is a reasonable first step if
the side effect burden is tolerable and the upper limit of a
medication dose has not been reached” (3). This recom-
mendation is based on level-II evidence indicating that es-
calating antidepressant doses was “recommended based on
moderate clinical confidence” (3).

Based on currently available evidence, the APA Practice
Guidelines regarding antidepressant dosing appear reasonable. A
previous meta-analysis examining dosing of antidepressant med-
ications in major depressive disorder demonstrated a flat dose-

response curve within the therapeutic range for antidepressant
medications ($100-mg imipramine equivalents) (10). Further-
more, themeta-analysis demonstrated a greater side effect burden
at higher doses as evidenced by an escalating adverse events rate
with increasing dosage of antidepressants (10). Although this
meta-analysisemployedquiteadvancedmethodologyforthetime,
the findings may be somewhat antiquated for use in clinical
practiceforseveralreasons.First,theauthorsgroupedotherclasses
of antidepressants (monoamine oxidase inhibitors, tricyclic anti-
depressants, and atypical antidepressants) alongside SSRIs. Other
antidepressants likely have a different dose-response relationship
and tolerability profile with dose when compared with SSRIs.
Second, the authors examined dose as a categorical rather than
continuous outcome, which may reduce overall power to detect
a dosing effect in the meta-analysis. In contrast, another meta-
analysis, which was quite stringent in its inclusion criteria,
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examinedthedose-responseofSSRImedicationinonlyfourfixed-
dose and four dose-escalation trials in major depressive disorder.
This meta-analysis demonstrated a weak positive association be-
tweenhigherdosesandtreatmentresponse(11).Thismeta-analysis
examiningthedose-responsecurve inSSRIsuggests thepossibility
that SSRIs may behave differently than other antidepressants.

The goal of the present meta-analysis is to improve the
existing evidence-base regarding the dose-response relation-
shipofSSRIs inmajordepressivedisorder. Specifically, ourgoal
is to determinewhether there exists any evidence inSSRI trials
of major depressive disorder to suggest that higher doses are
associated with improved outcome. We conducted a meta-
analysis and used meta-regression to examine the relationship
between target SSRI dose in trials and the measured efficacy
(and tolerability) of SSRI treatment compared with placebo.

METHOD

Search Strategy and Study Selection
A literature search was conducted on October 10, 2013 on
PubMed and CENTRAL, The Cochrane Collaboration data-
base of controlled trials (in the Cochrane Library). Published
randomized controlled trials comparing all SSRIs versus
placebo in short-term treatment of unipolar depression were
sought by two reviewers (A.L.V. andM.H.B.), using the search
term: (“SSRI”[MESH] OR “fluoxetine”[MESH] OR “fluvox-
amine”[MESH] OR “citalopram”[MESH] OR “escitalopram”

[MESH] OR “sertraline”[MESH] OR “paroxetine”[MESH])
AND “placebo”[MESH] AND “depression”[MESH]. Trials
were included if 1) efficacy data were available for both
SSRI- and placebo-treated participants for at least one
time point other than baseline and endpoint and 2) they
utilized standardized, validated outcome measurements
of depression. Trials were excluded if 1) the age of partic-
ipants was ,19 years or .60 years; 2) a cross-over design
was used; 3) psychiatric diagnosis other than major de-
pressive disorder or a dual diagnosiswas studied; 4) an SSRI
was not studied; 5) not randomized; 6) not placebo-
controlled; and 7) adjunctive psychotherapy was provided
to the active or control group.

Data Extraction
Included trials provided depression ratings on the Hamilton
Depression Rating Scale or the Montgomery-Åsberg De-
pression Rating Scale for at least three time points (baseline,
endpoint, and at least one intermediate time point). If trials
reported outcomes in a figure rather than in a table, a
computer program (Dexter, German Astrophysical Virtual
Observatory, University of Heidelberg, Heidelberg,
Germany) was used to extract weekly data points from the
figures (software available at http://dc.zah.uni-heidelberg.de/
sdexter). Additionally, the number of treatment responders
(as defined by study criteria) and the number of participants
who discontinued during the course of the study (all-cause
dropouts and dropouts due to side effects) were recorded.
Additional data were collected on the type of SSRI, maximum

dosageofmedication, durationof the trial, and year of the trial.
All SSRI doses were transformed into imipramine equivalent
doses using previously described methodology (10).

Data Analysis
Data collection andpreparationwere conducted inMicrosoft
Excel 2007, and the effect of dose on time course of SSRI
response was analyzed in SAS 9.3 (SAS Institute, Cary N.C.).
We used generalized estimating equations to examine the
effects of trial, treatment, modeling different forms of
treatment effect, accounting for different periods within
trials as repeated measures, and defining a new covariance
structure for each trial by defining these as random effects.
For each trial and week, the standardizedmean difference in
outcome scores between SSRI and placebo groups was cal-
culated and weighted by the number of randomly assigned
patients in the trial. Previous research has demonstrated that
a logarithmic model provided the best fit for the time course
of SSRI response compared with placebo (12, 13). The effects
of SSRI were modeled using an autoregressive variance
function, and themodel with the lowest values on the Akaike
Information Criterion was selected (14). Further details on
this technique can be found elsewhere (13). We then ex-
amined the moderating effects of SSRI dosage using similar
methodology. A mixed model was conducted that included
the main effect of time and an interaction between SSRI
dosage (in imipramine equivalents) and time.Themain effect
of SSRI dose was not included in the model, since this effect
should be trivial. There should be no differences in de-
pression severity (compared with placebo) at baseline. Dif-
ferences should only be seen later when different SSRI doses
start taking effect. Dose of SSRI was converted into imip-
ramine equivalents basedonpreviously definedmethodology
based on the therapeutic dose range of each medication
(10, 15). Imipramine dose equivalents were chosen as the
standard for antidepressants, since itwas thefirstmedication
introduced in the class. For SSRI analysis, the dose equiva-
lents were as follows: 100 mg of imipramine=120 mg of
sertraline=100 mg of fluvoxamine=20 mg of paroxetine or
fluoxetine=33.3 mg of citalopram=16.7 mg of escitalopram.
We additionally tested the SSRI dose model with an addi-
tional term to account for a delayed effect of SSRI dosing.We
examinedmodels inwhich the dosing effect of SSRIwas only
included after a lag of 2, 3, and 4 weeks and the initial model
with no lag to see whether a modified log model can fit the
data better. For this,wecodedeachweekas adummyvariable
andran fourmodelsadding ina three-way-interactionbetween
week, dose, and time. The goal of analysis was to determine
whether the interactionbetweendoseand timewas significant,
which would indicate that there exists a delayed effect of dose
response relationship for SSRI in major depressive disorder.

As an alternative method of analysis, we also examined
endpoint data from included trials. We examined 1) the
standardized mean difference between endpoint depression
scores and 2) the odds ratio of treatment response between
SSRI and placebo using Comprehensive Meta Analysis,
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Version 3 (Biostat, Englewood, N.J.). We conducted a meta-
regression inComprehensiveMeta Analysis, Version 3, using
a fixed-effects model that plotted the standardized mean
difference (or odds ratio) for each trial against SSRI dose (in
imipramine equivalents). A statistically significant meta-
regression result would indicate an association between
SSRI dose (in imipramine equivalents) and reported effect
size of SSRI treatment compared with placebo. Additionally,
in order to examinehowourdata replicated previous analysis
in the area, we conducted an analysis examining previously
utilized categories of SSRI dose. A stratified subgroup
analysis was conducted using endpoint data with studies
stratified by SSRI dosing (dose range categories: ,100 mg,
100–199 mg, 200–250 mg, and .250 mg). This analysis ex-
amined the possibility that there might not be a linear as-
sociationbetweenSSRIdoseand therapeutic responseor that
a linear relationship might exist but only up to or after a
certain dose threshold. For clinician-friendly interpretation
of the resultant data, we additionally converted all stan-
dardized mean difference outcomes to odds ratios in Com-
prehensive Meta Analysis, Version 3. We also calculated the
number needed to treat or number needed to harm for each
outcome based on the odds ratio and control event rate using
the Center for Evidence-Based Medicine odds ratio to
number needed to treat converter (16).

Theanalyses described thus far usedall available data.The
following sensitivity analyses were added to examine time
and dose effects specific to intent-to-treat studies. The
treatment effect was compared in intent-to-treat and com-
pleter studies both in the logarithmic model (by including an
intent-to-treat status-by-time interaction) and in the end-
point data meta-analysis (via subgroup analysis). Further-
more, in the logarithmic model, the robustness of effect of
dose (time-by-dose interaction) was tested by controlling for
the intent-to-treat/completer study-by-time interaction. Fi-
nally, endpoint data from only intent-to-treat studies were
used toconduct ameta-regression testing theeffect ofdose, as
well as to conduct a subgroup analysis comparing the above-
mentioned dose ranges.

We additionally examined the relationship between tol-
erability and SSRI dose in major depressive disorder trials
using fixed-effects meta-regression in Comprehensive Meta
Analysis, Version 2.2. Specifically, we examined the associ-
ation between all-cause dropout (and dropouts due to side
effects) as expressed in pooled odds ratios and SSRI dosage
(in imipramine equivalents). A statistically significant meta-
regression resultwould indicate an association betweenSSRI
dose (in imipramine equivalents) and likelihood of partici-
pant dropout comparedwith placebo. Subgroup analysis was
also performed between the four imipramine-equivalent
SSRI dose ranges.

For all analyses, we conducted an additional sensitivity
analysis excluding trials involving fluvoxamine. We chose to
include fluvoxamine in our primary analysis, since fluvox-
amine is an SSRI with an indication for major depressive
disorder in many countries (e.g., the United Kingdom,

Australia, and Russia). However, fluvoxamine does not
possess a Food andDrug Administration indication formajor
depressive disorder and could have a different dose-response
relationshipcomparedwithotherSSRIs, and thuswedecided
to present our findings without fluvoxamine trials as a sen-
sitivity analysis (see the figures in the data supplement ac-
companying the online version of this article).

RESULTS

Included Studies
A flowchart describing the selection of eligible trials is pre-
sented in Figure 1. Our search identified 1,707 studies, and an
additional four studies were identified in references of other
included trials and meta-analyses in the area. Forty studies
met our inclusion criteria (17–55). The included studies
reported 49 active treatment arms involving 10,039 adult
patientswithmajordepressive disorder. The characteristics of
the included studies are summarized in Table S1 of the online
data supplement. Six different SSRIswere studied in placebo-
controlled trials with major depressive disorder: fluoxetine
(k=9, N=2,386) (17, 21, 29, 31, 46, 47, 49, 51, 56), fluvoxamine
(k=8, N=910) (18, 24, 27, 38, 39, 42, 45, 54), paroxetine (k=16,
N=3,424) (19, 20, 22, 23, 25, 26, 28, 30, 33, 34, 36, 44, 48, 52, 55),
sertraline (k=3, N=865) (43, 50, 57), citalopram (k=4, N=1,349)
(32, 37, 40, 50), and escitalopram (k=3, N=1,105) (37, 41, 53).

SSRI Efficacy
Best-fitting model of SSRI response. The natural logarithmic
(loge) model of SSRI treatment response had the best model
fit. Based on Akaike information criterion, the logarithmic
treatment model was significantly better than a model using
the square root ofweek (x2=4.9, df=1, p=0.03).Theestimateof
treatment effect by log (week +1) from the final model was
0.32 (95% confidence interval [CI]=0.27–0.37; p,0.001). A
loge response curve indicates that the incremental SSRI
benefit compared with placebowas greatest in the first week
and gradually declined in magnitude as time persisted in
short-term treatment trials. Models that introduced delayed
treatment effects all produced similar (but worse or equiv-
alent) model fits to when the dosing effect was introduced at
baseline (week 2: x2=0, df=1, p=1; week 3: x2=0.6, df=1, p=1;
week 4: x2=3.7, df=1, p=0.054).

Dose-response curve in continuous model of SSRI response.
The logarithmic models at different imipramine equivalent
dose isoquants arepresented inFigure2.Therewas significant
effect of time (log [week +1]=0.23 [95% CI=0.13–0.33;
p,0.0001]) and a significant interaction between dose and
time (interaction=0.0007 [95%CI=0.0001–0.0013; p=0.0196]).
Thisresult indicates thathigherdosesofSSRIswereassociated
with a greater therapeutic response. In sensitivity analysis, the
dose-by-time interaction remained significant when use of
non-intent-to-treat analysis was adjusted for in the model
(interaction=0.0007 [95% CI=0.0000–0.0014; p=0.00480]).
Similarly, when fluvoxamine trials were excluded from the
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analysis, there remained a significant dose-by-time interaction
(interaction=0.0008 [95% CI=0.0002–0.0014; p,0.001]) (see
Figure S2 in the online data supplement).

Traditional meta-analysis examining depression severity.
Meta-regression described a significant association between
SSRIdose (in imipramine equivalents) andmeasured efficacy
of SSRIs in reducing depression severity (b=0.00053, 95%
CI=0.00018–0.00088, z=2.98, p=0.0029). A scatterplot that
depicts the relationship between imipramine equivalent dose
of SSRIs and measured efficacy of SSRIs compared with
placebo in terms of standardized mean difference is pre-
sented in Figure 3A. In sensitivity analysis, this result
remained significantwhen restricted to trials using intent-to-
treat analysis (b=0.00062, 95%CI=0.00025–0.00098, z=3.32,
p=0.00090) but not when trials involving fluvoxamine were
excluded (b=0.00029, 95% CI= –0.00010 to 0.00066, z=1.44,
p=0.15) (see Figure S3A in the data supplement).

When SSRI dose was examined as a specific dosing cat-
egory rather than as a continuous variable, there remained a
significant effect of dose (test for subgroup differences:
x2=54.4, df=3, p,0.001). The estimated efficacy of each
SSRI dose category compared with placebo is described in
Figure 3B. The greatest measured efficacy of SSRIs was
observed in the dosing range of 200–250 imipramine
equivalents. In sensitivity analysis, the differences be-
tween groups remained significant when restricted ex-
clusively to trials employing intent-to-treat analysis
(x2=56.2, df=3, p,0.001) or when fluvoxamine trials were
excluded (x2=42.4, df=3, p,0.001) (see Figure S3B in the
data supplement).

Traditional meta-analysis examining treatment response.
Meta-regression demonstrated a significant association be-
tween SSRI dose (in imipramine equivalents) and measured
efficacy of SSRIs with regard to the odds ratio of treatment
response (b=0.0016, 95% CI=0.0005–0.0027, z=2.86, p=0.004).
A scatterplot that depicts the relationship between imipramine
equivalent dose of SSRIs and measured efficacy of SSRIs
compared with placebo in terms of the odds ratio of treatment
response is presented in Figure 3C. In sensitivity analysis, this
result remained significant when restricted to trials using
intent-to-treat analysis (b=0.00062, 95%CI=0.00025–0.00098,
z=3.32, p=0.00090) andwhen trials involvingfluvoxaminewere
excluded (b=0.0015, 95% CI=0.0003–0.0026, z=2.47, p=0.013)
(see Figure S3C in the data supplement).

When SSRI dose was examined as a specific dosing cat-
egory rather than as a continuous variable, there remained a
significant effect of dose (test for subgroup differences:
x2=14.5, df=3, p=0.002). The odds ratio of each SSRI dose
category compared with placebo is presented in Figure 3D.
The greatest measured efficacy of SSRIs was again observed
in the dosing range of 200–250 imipramine equivalents. In
sensitivity analysis, thedifferences betweengroups remained
significant when restricted exclusively to trials employing
intent-to-treat analysis (x2=56.2, df=3, p,0.001) or when

fluvoxamine trials were excluded (x2=11.4, df=3, p=0.01) (see
Figure S3D in the data supplement).

SSRI Tolerability
Higher SSRI dose was slightly, but significantly, associated
with a lower likelihood of all-cause dropout (b=–0.00093,
95% CI=–0.00165 to20.00021, z=22.54, p=0.0110) in meta-
regression analysis. The association between SSRI dose (in
imipramine equivalents) and likelihood of all-cause dropout
compared with placebo is presented in Figure 4A. However,
when SSRI dose was divided into previously defined cate-
gories, there was no significant association between SSRI
dose and likelihood of all-cause dropout (test for subgroup
differences: x2=4.8, df=3, p=0.19). The likelihood of all-cause
dropout compared with placebo was highest in the 100–200
imipramine-equivalent group and slightly, but not signifi-
cantly, lower if the dosewas lowered or raised from this dose.
The association between SSRI dose and likelihood of all-
cause dropout for each of the dosing categories is shown in
Figure 4C. In the sensitivity analysis, excluding fluvoxamine
trials, results remained similar for likelihood of all-cause
dropout in the meta-regression (b=–0.00092, 95% CI=–0.00174
to 20.00010, z=22.20, p=0.03), but became nonsignificant

FIGURE 1. Flowchart of the Procedure for Selection of Eligible
Trials From Identified Referencesa
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search (N=1,707)

Citations Excluded (N=1,671)

– Not MDD or dual diagnosis (N=357)

– Not SSRI (N=136)
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– Age >60 years (N=28)
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– Wrong outcome measure (N=57)

– No repeated outcome variable (N=25)

– No fixed dose (N=10)

– Repeatedly in database (N=2)

Adult MDD Trials Included

in the meta-analysis, all 

from PubMed search 
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aMDD=Major depressive disorder; SSRI=selective serotonin reuptake
inhibitor; RCT=randomized controlled trial

Am J Psychiatry 173:2, February 2016 ajp.psychiatryonline.org 177

JAKUBOVSKI ET AL.

http://ajp.psychiatryonline.org


in the subgroupanalysis (x2=3.7, df=3, p=0.29) (seeFigure S4
in the data supplement).

Meta-regression described a significant association be-
tween higher SSRI dose and increased likelihood of dropout
due to side effects (b=0.00207, 95% CI=0.0007120.00342,
z=2.98, p=0.0028). A scatterplot demonstrating the re-
lationship between SSRI dose and the likelihood of dropout
due to side effects is presented in Figure 4B. Stratified sub-
group analysis by SSRI dose category also demonstrated a
significant association between SSRI dose and likelihood of
dropout due to side effects. All dosing categories of SSRIs
were associated with a greater likelihood of dropout as a
result of side effects compared with placebo. Higher dosing
categories of SSRIs were associated with a greater likelihood
of dropout as a result of side effects. The association between
SSRI dose and likelihood of dropout due to side effects for
each of the dosing categories is shown in Figure 4B. In the
sensitivity analysis, excluding fluvoxamine trials, results
remainedmostlyunchanged for the likelihoodof dropoutdue
to side effects in the meta-regression (b=0.00249, 95%
CI=0.0007320.00425, z=2.77, p=0.006), but became non-
significant in the subgroup analysis (x2=7.7, df=3, p=0.052)
(see Figure S4 in the data supplement).

DISCUSSION

Meta-analysis demonstrated a significant association be-
tween higher SSRI doses and greater measured efficacy of

SSRIs in placebo-controlled trials. This significant associ-
ation between SSRI dose and measured efficacy was dem-
onstrated in 1) longitudinal mixed-model meta-analysis,
2) endpoint meta-regression, and 3) stratified subgroup
analysis by dose. These findings remained significant if the
analysis was restricted to only data from studies employing
intent-to-treat analysis and when fluvoxamine trials were
excluded. Meta-analysis suggests that there may also be a
consequence associated with escalating the dose of SSRI
associated with reduced tolerability, as evidenced by a
greater likelihood of dropout due to side effects with higher
SSRI dose.

The results of this meta-analysis both extend upon and
contradict a previous meta-analysis in this area (10). We
replicated previous evidence suggesting a reduced tolera-
bility of SSRIs at higher doses as evidenced by a higher
likelihood of dropouts as a result of side effects. However, we
demonstrated a significant positive association betweenSSRI
dose and measured efficacy that flattened out only at the
higher end of the recommended dosing range (greater than
250-mg imipramine equivalents). Specifically, meta-analysis
demonstrates that using a higher dose of SSRI for major
depressive disorder is associatedwith increased likelihood of
response. Table 1 depicts odds ratio and number-needed-to-
treat comparisons for different initial dosing strategies of
SSRIs. Our results suggest a modest improvement in efficacy
of high doses (200 mg–250 mg or .250-mg imipramine
equivalents) compared with low doses (100 mg–200 mg
imipramine equivalents), with odds ratios of approximately
1.3 and numbers needed to treat in the 14–16 range.

Previous meta-analysis and fixed-dose trials in this area
have provided no evidence for escalating dose beyond the
minimumrecommended therapeutic dose (10, 57). Ourmeta-
analysis differed in methodology in several important ways
from this previous meta-analysis that likely explains the
difference in results. First, we restricted our analysis to SSRI
trials and did not include other antidepressants that likely
have different dose-response and dose-tolerability curves.
Second,weexamined symptomimprovement as acontinuous
measure rather than examining clinical improvement
(yes/no) as the primary outcome of the meta-analysis. This
decision likely increased power of the meta-analysis by in-
creasing sensitivity of the primary outcome measure and
reducing heterogeneity by eliminating differences in defi-
nition of therapeutic response. Third, we additionally ex-
amined the dosing effects of SSRIs not only with treatment
response as a dichotomous outcome but also as a continuous
measure.Meta-regressionwitha continuousmeasure ismore
sensitive to a change in SSRI benefit with dose. Fourth, we
also included several trials published after the first meta-
analysis. The additional trials provided more power to
conduct this analysis.

Our meta-analysis demonstrates that there is substantial
evidence foramodest increase inefficacywithhigherdosesof
SSRIs starting from the point of initial titration. We also
demonstrate that this benefit is at the cost of reduced

FIGURE 2. Effect of Dosage on Longitudinal Response Curve of
Selective Serotonin Reuptake Inhibitors (SSRIs)a
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tolerability. Given this tradeoff between the risks and ben-
efits, another potential prudent clinical strategy is to raise
SSRI doses in nonresponders to low-dose treatment. Other
systematic reviews have previously examined whether dose-
escalation strategies are effective in nonresponders to low-
dose antidepressant treatment. A systematic review that
examined dose-escalation studies in low-dose SSRI non-
responders suggested that SSRIs have a flat dose-response
relationship within the therapeutic range and that higher
SSRI doses were only associated with a greater side-effect
burden (58). By contrast, a later systematic review that ex-
amined the efficacy of dose escalation strategies in SSRI
nonresponders suggested amodest benefit (number-needed-
to-treat range: 12–82 in trials) of increasing to a higher-dose
SSRI if subjects had received previous low-dose SSRI
treatment for at least 4 weeks (59). This systematic review
suggested that when the dose-escalation strategy was initi-
ated before 4weeks of SSRI treatment, therewas no evidence

of benefit to raising SSRI dose on likelihood of treatment
response (59). Our results extend upon these previous dose-
escalation studies and systematic reviews by demonstrating
that the dose-response relationship of SSRI is mildly positive
and not flat within the SSRI therapeutic range even when
started from the initial point of treatment. Further research is
needed to extend upon our results in order to 1) better gauge
the risk/benefit of SSRI dose-escalation in low-dose SSRI
nonresponders and 2) determine the ideal time point for
starting SSRI dose escalation.

Given the potential clinical implications of the results of
our meta-analysis, it is important to be clear in its limita-
tions. Publication bias is a well-identified problem in trials
involving antidepressant agents (6). We employed a
comprehensive search strategy to try to identify all available
published and unpublished trials of SSRIs. Given that our
meta-analysis examined the difference in efficacy of different
doses of SSRIs rather than the overall efficacy of the

FIGURE 3. Effect of Dose on Measured Efficacy of Selective Serotonin Reuptake Inhibitors (SSRIs) Compared With Placebo at
Trial Endpointa
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a The scatterplot A) depicts the association between SSRI dosage in imipramine equivalents and measured effect size of SSRIs compared with placebo
(standardizedmean difference). Within the scatterplot, circles represent individual studies, with the size of the circle corresponding to its weight in the
meta-analysis. The regression line reflects the significant positive relationship between SSRI dosage and measured efficacy compared with placebo
(b=0.00053, 95% CI=0.00018–0.00088, z=2.98, p=0.0029). A graph B) depicts the association between SSRI dose and measured effect size in four
dosecategoriesof SSRIs. The four chosendosecategoriesof SSRIs (,100mg, 100mg–199mg,200mg–250mg, and.250mg)werebasedonameta-
analysis that failed to demonstrate a dose-response relationship in antidepressant medications (not exclusively SSRIs). Dosages are expressed in
imipramine equivalents (100 mg of imipramine=120 mg of sertraline=100 mg of fluvoxamine=20 mg of paroxetine or fluoxetine=33.3 mg of
citalopram=16.7 mg of escitalopram). A second scatterplot C) depicts the association between SSRI dosage in imipramine equivalents and response in
SSRIs compared with placebo (odds ratio). The regression line reflects the nonsignificant positive relationship between SSRI dosage and response
comparedwithplacebo (b=0.00029,95%CI=–0.00010 to0.00066, z=1.44, p=0.15). A secondgraphD)depicts theassociationbetweenSSRIdoseand
response in four dose categories of SSRIs.
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underlying therapeutic class, it is not clear how publication
bias could have influenced the relationship between SSRI
dosing and measured efficacy. Assuming that the positive
association between SSRI dose andmeasured efficacy is true,
then publication bias, if present, would likely have dampened
our measured association. Publication bias would have likely
caused the suppression of negative trials, which based on the

findings of this meta-analysis
would bemore likely to occur
at lower SSRI doses, and
potentially lead to a reduced
measured association be-
tween dose and efficacy in
the meta-analysis. Other lim-
itations were present in our
meta-analysis examining tol-
erability of SSRI agents at
different doses. We would
have liked to have analyzed
the frequency of different
side effects (e.g., .sexual dys-
function, nausea, sedation,
etc.) at different SSRI doses.
However, measurement and
reporting of side effects have
changeddramatically over the
three decades during which
these trials were published.
Selective reporting of side ef-
fects in earlier manuscripts
and changes in how side ef-
fects are screened for over
time made this analysis not
feasible. We would have also
liked to examine how timing
of dose titration affected like-
lihood of subject dropout in
the trials employing higher
SSRI doses, but titration sched-
ules are variably reported in
trials. Another general limi-
tation is the generalizability
to the community population.
Most SSRI trials included in
this meta-analysis had strict
inclusion criteria. Therefore,
many patients seen in typical
clinical practice with depres-
sion, such as those with sig-
nificant comorbid medical or
psychiatric conditions or tak-
ing adjunctive medications,
would be specifically excluded
from these trials. Clinical pa-
tientswithadditionalcomorbid
illness or concomitant medi-

cation use may respond differently to SSRI dose escalation
both in terms of efficacy and side effects compared with
clinical trials samples (11, 58, 59).

Our meta-analysis provides evidence to support clinical
guidelines that recommend raising SSRIdose in adultswith
major depressive disorder who do not respond to SSRI
medications at or below the lower end of the therapeutic

FIGURE 4. Relationship Between Selective Serotonin Reuptake Inhibitor (SSRI) Dosage and
Likelihood of Dropouta
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dose range. Higher doses of SSRIs are associated with
increased efficacy (number needed to treat for treatment
response range: 14–16) but also reduced tolerability as
evidenced by a higher likelihood of dropouts due to side
effects in trials (number needed to harm range: 22–24).
However, overall dropout rates were reduced at higher
doses of SSRIs, which is likely attributable to their greater
efficacy. Further research needs to be performed to ex-
amine the ideal timing of dose escalation of SSRIs in major
depressive disorder in order to maximize benefit while

reducing unnecessary additional side effects caused by
higher-dose SSRI treatment.
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TABLE 1. Evidence-BasedMedicineEstimates forRisks andBenefits of Selective SerotoninReuptake Inhibitor (SSRI)DosingStrategies for
Major Depressiona

Dose Category (and Daily Dosage) Placebo Subtherapeutic SSRI Low-Dose SSRI

Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI

Actual odds ratio of treatment response
Subtherapeutic (,100 mg) 1.72 1.44–2.07
Low-dose (100 mg–199 mg) 2.02 1.69–2.41 1.17 0.98–1.40
Medium dose (200 mg–250 mg) 2.72 2.08–3.54 1.58 1.17–2.06 1.35 1.00–1.70
High dose (.250 mg) 2.65 2.22–3.17 1.54 1.29–1.84 1.31 1.07–1.52
Estimated odds ratio based on effect size
Subtherapeutic (,100 mg) 2.23 1.91–2.62
Low-dose (100 mg–199 mg) 3.16 2.76–3.62 1.42 1.24–1.62
Medium dose (200 mg–250 mg) 5.07 4.34–5.91 2.27 1.95–2.65 1.60 1.37–1.87
High dose (.250 mg) 3.06 2.65–3.52 1.37 1.18–1.58 0.97 0.84–1.11

N Range N Range N Range

Actual number needed to treat of
treatment response

Subtherapeutic (,100 mg) 8 6–11
Low-dose (100 mg–199 mg) 6 5–8 27 12–‘
Medium dose (200 mg–250 mg) 4 3–6 9 6–27 14 8–‘
High dose (.250 mg) 4 4–5 10 7–17 16 10–64
Estimated number needed to treat based
on effect size

Subtherapeutic (,100 mg) 5 4–6
Low-dose (100 mg–199 mg) 4 3–4 12 9–20
Medium dose (200 mg–250 mg) 3 2–3 5 4–6 9 7–13
High dose (.250 mg) 4 3–4 13 9–26 No Benefit*

Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI

Actual odds ratio of dropout due to side
effects

Subtherapeutic (,100 mg) 1.56 1.08–2.25
Low-dose (100 mg–199 mg) 2.22 1.68–2.94 1.42 1.08–1.88
Medium dose (200 mg–250 mg) 3.16 2.32–4.32 2.02 1.49–2.77 1.42 1.04–1.95
High dose (.250 mg) 3.08 2.29–4.14 1.97 1.47–2.65 1.39 1.03–1.86
Actual odds ratio of all-cause dropout
Subtherapeutic (,100 mg) 0.82 0.67–1.01
Low-dose (100 mg–199 mg) 1.09 0.92–1.29 1.33 1.12–1.57
Medium dose (200 mg–250 mg) 0.80 0.68–0.95 0.98 0.83–1.16 0.73 0.62–0.87
High dose (.250 mg) 0.75 0.64–0.87 0.91 0.78–1.07 0.69 0.59–0.80

N Range N Range N Range

Actual number needed to harm of
dropout due to side effects

Subtherapeutic (,100 mg) 34 16–230
Low-dose (100 mg–199 mg) 16 10–28 45 22–230
Medium dose (200 mg–250 mg) 10 7–15 19 11–38 45 20–459
High dose (.250 mg) 10 7–15 20 12–40 48 22–611

a Thedata describe theodds ratios andnumber needed to treat/harm for SSRI dosing strategies comparedwith eachother andwith placebo.Doses are expressed in
imipramine equivalents.
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