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REVIEW

Clinical Response and Risk for Reported
Suicidal Ideation and Suicide Attempts
in Pediatric Antidepressant Treatment
A Meta-analysis of Randomized Controlled Trials
Jeffrey A. Bridge, PhD
Satish Iyengar, PhD
Cheryl B. Salary, MD
Rémy P. Barbe, MD
Boris Birmaher, MD
Harold Alan Pincus, MD
Lulu Ren, PhD
David A. Brent, MD

TH E US F O O D A N D D R U G

Administration (FDA), in its
review and meta-analysis of
24 placebo-controlled trials

assessing use of antidepressant
medications among more than 4400
children and adolescents, concluded
that these medications pose a 2-fold
(4% vs 2%) increased risk for “sui-
cidal behavior or suicidal ideation,”
although no suicides were reported.1,2

In the FDA analysis, suicidal behavior
comprised actual suicide attempts and
preparatory actions toward imminent
suicidal behavior (BOX). Subse-
quently, the FDA mandated that a
boxed warning be put on the labels of
all antidepressants indicating an in-
creased risk of suicidal thoughts and be-
havior in youth taking these medica-
tions but stopped short of prohibiting
their use.

The concern about antidepressants
must be considered in the context
of possible benefit. The extant evi-
dence supports the efficacy of antide-
pressant treatment for pediatric
major depressive disorder (MDD),

Context The US Food and Drug Administration (FDA) has issued warnings that use
of antidepressant medications poses a small but significantly increased risk of suicidal
ideation/suicide attempt for children and adolescents.

Objective To assess the efficacy and risk of reported suicidal ideation/suicide at-
tempt of antidepressants for treatment of pediatric major depressive disorder (MDD),
obsessive-compulsive disorder (OCD), and non-OCD anxiety disorders.

Data Sources and Study Selection PubMed (1988 to July 2006), relevant US
and British regulatory agency reports, published abstracts of important scientific meet-
ings (1998-2006), clinical trial registries, and information from authors. Studies were
published and unpublished randomized, placebo-controlled, parallel-group trials of sec-
ond-generation antidepressants (selective serotonin reuptake inhibitors, nefazodone,
venlafaxine, and mirtazapine) in participants younger than 19 years with MDD, OCD,
or non-OCD anxiety disorders.

Data Extraction Information was extracted on study characteristics, efficacy out-
comes, and spontaneously reported suicidal ideation/suicide attempt.

Data Synthesis Twenty-seven trials of pediatric MDD (n=15), OCD (n=6), and non-
OCD anxiety disorders (n=6) were selected, and risk differences for response and for
suicidal ideation/suicide attempt estimated by random-effects methods. Pooled risk dif-
ferences in rates of primary study-defined measures of responder status significantly fa-
vored antidepressants for MDD (11.0%; [95% confidence interval {CI}, 7.1% to 14.9%]),
OCD (19.8% [95% CI, 13.0% to 26.6%), and non-OCD anxiety disorders (37.1% [22.5%
to 51.7%]), corresponding to a number needed to treat (NNT) of 10 (95% CI, 7 to 15),
6 (4 to 8), and 3 (2 to 5), respectively. While there was increased risk difference of sui-
cidal ideation/suicide attempt across all trials and indications for drug vs placebo (0.7%;
95% CI, 0.1% to 1.3%) (number needed to harm, 143 [95% CI, 77 to 1000]), the pooled
risk differences within each indication were not statistically significant: 0.9% (95% CI,
−0.1% to 1.9%) for MDD, 0.5% (−1.2% to 2.2%) for OCD, and 0.7% (−0.4% to 1.8%)
for non-OCD anxiety disorders. There were no completed suicides. Age-stratified analy-
ses showed that for children younger than 12 years with MDD, only fluoxetine showed
benefit over placebo. In MDD trials, efficacy was moderated by age, duration of de-
pression, and number of sites in the treatment trial.

Conclusions Relative to placebo, antidepressants are efficacious for pediatric MDD,
OCD, and non-OCD anxiety disorders, although the effects are strongest in non-
OCD anxiety disorders, intermediate in OCD, and more modest in MDD. Benefits of
antidepressants appear to be much greater than risks from suicidal ideation/suicide
attempt across indications, although comparison of benefit to risk varies as a function
of indication, age, chronicity, and study conditions.
JAMA. 2007;297:1683-1696 www.jama.com
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obsessive-compulsive disorder (OCD),
and non-OCD anxiety disorders, al-
though the strength of the treatment
effect varies by indication and by the
specific antidepressants.4-19 A prior
meta-analysis20 examined the risk-
benefit profile of selective serotonin re-
uptake inhibitors (SSRIs) in pediatric
depression, but not other indications,
and predated the publication of 2 large
clinical trials of pediatric depression
among more than 700 children and
adolescents.5,18 We therefore con-
ducted a more current review and meta-
analysis of pediatric trials assessing use
of antidepressants across the indica-
tions of MDD, OCD, and non-OCD
anxiety disorders and also examined pa-
tient- and trial-level moderators of ben-
efit and risk.

METHODS
Search Strategy
A PubMed literature search was con-
ducted (from January 1988 through July
2006) using the MeSH keywords SSRI;
serotonin reuptake inhibitors; antidepres-
sive agents: second-generation; child;
adolescent; randomized controlled trial;
specific names of antidepressant medi-
cations; and names of researchers
known to the investigators for having
conducted at least 1 clinical trial of pe-
diatric antidepressants. Tricyclic anti-
depressants and monoamine oxidase in-
hibitors were not included in our
search, because the FDA report specifi-
cally targeted the newer classes of an-
tidepressants.1,2 Relevant studies were
also identified through (1) references
of originally identified articles; (2) FDA
and British Medicines and Healthcare
Products Regulatory Agency re-
ports1,2,21,22; (3) scientific proceedings
of the American Psychiatric Associa-
tion (2000-2005), the American Acad-
emy of Child and Adolescent Psychia-
try (1998-2005), and the New Clinical
Drug Evaluation Unit (2001-2006); (4)
clinical trial registries (primarily www
.clinicaltrials.gov); and (5) contact with
individual investigators.

Study Selection

We included randomized, placebo-
controlled, parallel-group trials that
studied SSRIs as well as other second-
generation agents in children and
adolescents (�19 years) with MDD,
OCD, or non-OCD anxiety disorders
(TABLE 1). Trials were included if ef-
ficacy or treatment-emergent data on
suicidal ideation/suicide attempt were
available for both antidepressant-
treated and placebo-treated partici-
pants. For the majority of studies, data
on suicidal ideation/suicide attempt
were obtained from the FDA report.1,2

For studies not included in the FDA re-
view, data on suicidal ideation/suicide
attempt were obtained either from
the principal investigators of each
study11,12,30,31,33 or from study reports.10,18

We excluded trials that used a cross-
over design35; had only an active com-
parator group36; only randomized treat-

ment responders37; provided adjunctive
cognitive behavioral therapy to all
patients38; were currently recruiting
patients (www.clinicaltrials.gov
NCT00107120, NCT00352768,
NCT00150306, and NCT00052078);
studied anxiety-related indications other
than separation, social, or generalized
anxiety disorder39,40; or for which the pri-
mary author could not provide data.41

Methodological Quality
Assessment

The quality of published trial reports
for which data were available was in-
dependently rated by 2 coauthors
(J.A.B., C.B.S.) according to the crite-
ria of Detsky et al,42 with final quality
ratings based on consensus (intraclass
correlation coefficient between raters,
0.94; 95% confidence interval [CI], 0.92
to 0.95) (Table 1).

Outcomes

The primary study-defined measure of
treatment response and the prospec-
tively identified scalar variable assess-
ing change in symptoms from baseline
to the end of treatment were the effi-
cacy outcomes used for this meta-
analysis. For studies that were included
in the FDA analysis,1,2 the primary risk
outcome was suicidal ideation/suicide at-
tempt (Box), as rated from suicidal ad-
verse event narratives by an indepen-
dent panel of suicide experts assembled
by Columbia University on behalf of the
FDA3; a breakdown of suicidal ideation/
suicide attempt by age and type (sui-
cidal ideation, suicide attempt/
preparatory actions toward imminent
suicidal behavior) was provided by the
study author (T.A. Hammad, MD, PhD,
MSc, MS, US Food and Drug Admin-
istration, written communication, Oc-
tober 3 and December 19, 2006). For
studies not included in the FDA analy-
sis,10-12,18,30,31,33 we rated suicidal ide-
ation/suicide attempt according to the
Columbia coding scheme.3

Data Analysis

Trial characteristics were compared
among treatment indications by using
standard parametric and nonparametric

Box. Study Definitionsa

Suicidal ideation3

Passive thoughts about wanting to
be dead or active thoughts about
killing oneself, not accompanied
by preparatory behavior

Suicide attempt3

Self-injurious behavior associated
with some intent to die
Intent can be stated or inferred
by rater
No injury needed

Preparatory actions toward immi-
nent suicidal behavior3

Person takes steps to injure self but
is stopped by self or other (eg, a
person tries to hang self but is pre-
vented from doing so by family
members)
Intent to die is either stated or
inferred

Suicidal ideation/suicide attempt

Occurrence of suicidal ideation,
suicide attempt, or preparatory
actions toward imminent sui-
cidal behavior

aSuicidal ideation and suicidal behav-
iors that occurred during the double-
blind acute-treatment period or within 1
day of the end of this period.1
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statistics. The primary dichotomous
outcomes (eg, symptomatic response)
were expressed as Mantel-Haenszel risk

differences, indicating the drug-
placebo difference in the proportion of
participants with each specific out-

come. Use of risk differences permits
all trials, including those with no events,
to be included in analyses.

Table 1. Characteristics of Placebo-Controlled Trials of Antidepressants in Children and Adolescents, by Indication

Source Intervention

No. of
Patients

Randomized

Age
Range,

y

No. of
Treatment

wk

No. of
Study
Sites Country Published Qualitya

Placebo
Run-in
Period

Funding
Source

Average
Duration of
Illness, mo

Female,
%

Major Depressive Disorder

Simeon et al,23

1990
Fluoxetine

(20-60
mg/d) or
placebo

40 13-18 6 1 Canada Yes 0.40 Yes Industry NA 55

Emslie et al,4

1997
Fluoxetine (20

mg/d) or
placebo

96 7-17 8 1 United States Yes 0.93 Yes NIMH 3 46

Keller et al,14

2001
Paroxetine

(20-40
mg/d) or
placebo

180b 12-18 8 12 United States,
Canada

Yes 0.85 No Industry 14 64

Emslie et al,24

2002
Fluoxetine (10

mg/d for 1
wk, then 20
mg/d) or
placebo

219 8-17 9 16 United States Yes 0.88 Yes Industry 14 49

Wagner et al,15

2003
Sertraline

(50-200
mg/d) or
placebo

376 6-17 10 53 United States,
India, Canada,
Costa Rica,
Mexico

Yes 0.95 No Industry NA 51

TADS Study
Team,5

2004

Fluoxetine
(10-40
mg/d) or
placebo

221c 12-17 12 13 United States Yes 1.00 No NIMHd 8 (median) 54

Berard et al,17

2006
Paroxetine

(20-40
mg/d) or
placebo

286 13-18 12 33 Internationale Yes 0.97 Yes Industry NA 66

Emslie et al,16

2006
Paroxetine

(10-50
mg/d) or
placebo

206 7-17 8 41 United States,
Canada

Yes 0.98 No Industry 26 47

von Knorring et
al,25 2006

Citalopram
(10-40
mg/d) or
placebo

244 13-18 12 31 Internationalf Yes 0.49 No Industry NA 74

Wagner et al,19

2004
Citalopram

(20-40
mg/d) or
placebo

178 7-17 8 21 United States Yes 0.66 Yes Industry 20 53

Wagner et al,18

2006
Escitalopram

(10-20
mg/d) or
placebo

268 6-17 8 25 United States Yes 0.90 Yes Industry 16 52

CN104-14126g Nefazodone
(100-600
mg/d) or
placebo

206 12-17h 8 15 United States No ND No Industry 17 59

CN104-1872,27 Nefazodone
(100-300 or
200-600
mg/d) or
placebo

284 7-17 8 28 United States No ND No Industry NA 49

003-04527,28 i Mirtazapine
(15-45
mg/d) or
placebo

259 7-17 8 34 United States No ND No Industry NA 52

Emslie et al29 Venlafaxine
(37.5-225
mg/d) or
placebo

367 7-17 8�taper 51j United States In press 0.80 Yes Industry 21 46

(continued)
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Table 1. Characteristics of Placebo-Controlled Trials of Antidepressants in Children and Adolescents, by Indication (cont)

Source Intervention

No. of
Patients

Randomized

Age
Range,

y

No. of
Treatment

wk

No. of
Study
Sites Country Published Qualitya

Placebo
Run-in
Period

Funding
Source

Average
Duration of
Illness, mo

Female,
%

Obsessive-Compulsive Disorder

March et al,7

1998
Sertraline

(25-200
mg/d) or
placebo

189 6-17 12 12 United States Yes 0.86 Yes Industry 56 47

Geller et al,8

2001
Fluoxetine

(20-60
mg/d) or
placebo

103 7-17 13 21 United States Yes 0.91 No Industry NA 52

Riddle et al,9

2001
Fluvoxamine

(50-200
mg/d)
or placebo

120 8-17 10 17 United States Yes 0.84 Yes Industry 43 47

Liebowitz et
al,30 2002

Fluoxetine
(20-80
mg/d) or
placebo

43 6-18 8 2 United States Yes 0.72 No NIMH/
industry

NA 42

Geller et al,6

2004
Paroxetine

(10-50
mg/d) or
placebo

207 7-17 10 39 United States,
Canada

Yes 0.96 No Industry 51 42

POTS Study
Team,10

2004

Sertraline
(25-200
mg/d) or
placebo

56k 7-17 12 3 United States Yes 1.00 No NIMHd NA 45

Non−Obsessive-Compulsive Anxiety Disorder

Generalized Anxiety Disorder

Rynn et al,31

2001
Sertraline (25

mg/d for 1
wk, then 50
mg/d) or
placebo

22 5-17 9 1 United States Yes 0.91 No NIMH NA 23

Rynn et al,32

2007
Venlafaxine

(37.5-225
mg/d) or
placebo

323 6-17 8�taper 59 United States Yes 0.83 Yes Industry 39 43

Social Anxiety Disorder/Social Phobia

Wagner et al,13

2004
Paroxetine

(10-50
mg/d) or
placebo

322 8-17 16 38 United States,
Canada,
Belgium,
South Africa

Yes 0.95 No Industry NA 50

March et al33,34 Venlafaxine
(37.5-225
mg/d) or
placebo

293 8-17 16�taper 44 United States In press ND No Industry 58 57

Social Phobia or Separation/Generalized Anxiety Disorder

RUPP Anxiety
Study
Group,11

2001

Fluvoxamine
(50-300
mg/d) or
placebo

128 6-17 8 5 United States Yes 0.80 No NIMH/
industry

NA 49

Birmaher et
al,12 2003

Fluoxetine (10
mg/d for 1
wk, then 20
mg/d) or
placebo

74 7-17 12 1 United States Yes 0.88 No NIMHd NA 54

Abbreviations: NA, not available; ND, not determined; NIMH, National Institute of Mental Health.
aBased on adequacy of randomization, study entry criteria, outcome measures, therapeutic and placebo procedures, and statistical analyses. Individual items were summed and divided

by the total number of applicable items to produce a total score ranging from 0 to 1, where higher scores denote greater methodological quality.
bNo. of patients randomized to paroxetine and placebo groups (275 patients in total randomized).
cNo. of patients randomized to fluoxetine only and placebo groups (439 patients in total randomized).
dStudy medication and matching placebo provided by the drug manufacturer.
e33 centers in Belgium, Italy, Spain, United Kingdom, the Netherlands, Canada, South Africa, United Arab Emirates, Argentina and Mexico.
fThirty-one centers in Sweden, Denmark, Estonia, Finland, Germany, Norway, and Switzerland.
gReported as abstract/poster.
hPatients aged 18 years were included prior to a protocol amendment; 7 nefazodone and 4 placebo patients were aged 18 years at baseline.27

iTrial comprised 2 studies. Study 1 randomized 126 patients; study 2, 133 patients.
jData from 1 study site were excluded from efficacy analyses.
kNo. of patients randomized to sertraline only and placebo groups (112 patients in total randomized).
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We used the DerSimonian and Laird
random-effects model43 to obtain a
pooled estimate of the risk difference
and corresponding 95% CIs. For the
primary scalar measure of efficacy, we
calculated the pooled random-effects
mean difference and 95% CI between
the treated and placebo groups, di-
vided by the pooled standard devia-
tion (Hedges g).43,44 The random-
effects approach to meta-analysis
assumes that there is heterogeneity
across studies that is not fully ac-
counted for by observed covariates,
such as age, and provides more con-
servative estimates of effect by incor-
porating within- and between-study
heterogeneity, whereas the fixed-
effects approach assumes that the effect
size is constant across studies. To test
the validity of the DerSimonian and
Laird model, we performed a sensitiv-
ity analysis comparing inferences of the
random-effects model with those of a
fixed-effects model. Estimates, CIs, and
P values based on the 2 models were
very close when the test for homoge-
neity did not reject; when it did, the ran-
dom-effects approach gave wider CIs
and larger P values, as expected (data
available on request). When out-
comes were significant, we calculated
the number needed to treat to benefit
(NNT) and number needed to treat to
harm (NNH) according to the meth-
ods of Sackett et al,45 with 95% CIs com-
puted using the method of Altman.46

To provide a common effect-size
comparison between the primary cat-
egorical and scalar efficacy outcomes,
we computed g for the dichotomous re-
sponse variable of each study by means
of transformation from the original log
odds ratio scale to the standardized
mean difference and then from this dif-
ference to g.47 Heterogeneity between
trials was assessed by the Cochran Q sta-
tistic (P�.10) and the I2 statistic, a
transformation of Q that indicates the
percentage of variation in the effect-
size estimate attributable to heteroge-
neity rather than sampling error.48 Sen-
sitivity analyses were conducted by
iteratively deleting each study and cal-
culating the resulting effect sizes. As a

comparison with the FDA’s analy-
ses,1,2 we also used fixed- and random-
effects models to compute the pooled
risk differences and risk ratios (RRs) of
suicidal ideation/suicide attempt, where
an RR greater than 1 indicates a higher
relative risk for patients treated with an-
tidepressants than for those treated with
placebo. In contrast to the FDA re-
port, we estimated pooled risk differ-
ences for each indication and com-
bined 6 trials into 3, because these trials
were pooled for publication.15,29,32 In
trials in which no suicidal ideation/
suicide attempt occurred in 1 of the trial
groups, 0.5 was added to each of the 4
cells to reduce bias and variance of the
RR estimates, but trials without any
events could not be included in the
pooled estimate. We tested for a
treatment� indication�suicidal ide-
ation/suicide attempt interaction using
an exact homogeneity test.

Secondary analyses included age-
grouped (�12 or 13 years [depending
on study definition] vs �12 or 13 years)
comparisons of efficacy and suicidal ide-
ation/suicide attempt, and tests of con-
tinuous and categorical moderators. For
ease of interpretation, we refer to the
younger age group as younger than 12
years and to the older age group as 12
years or older for all comparisons. For
continuous moderators, regression was
used to explore whether methodologi-
cal quality, number of treatment sites,
proportion of female participants, and
duration of illness at baseline influ-
enced outcome. Continuous modera-
tors that showed an association with
outcome were dichotomized by me-
dian split and reanalyzed as categori-
cal variables. Trial-level categorical
moderators of outcome, namely pub-
lication status, primary funding source,
study location, drug class, and use of
placebo run-in period were also
examined. Publication bias was as-
sessed visually using a funnel plot and
quantitatively using an adjusted rank
correlation test49 and a regression pro-
cedure to measure funnel plot asym-
metry.50 To reduce heterogeneity in
anxiety disorders trials, we excluded 1
small study31 with very large treat-

ment effects from all regression and
moderator analyses of efficacy out-
comes. Statistical analyses were per-
formed with Comprehensive Meta-
ana lys i s ver s ion 2 .1 (B ios ta t ,
Englewood, NJ), SPSS version 13.1
(SPSS Inc, Chicago, Ill), and StatX-
act-7 (Cytel Software Corp, Cam-
bridge, Mass). We present P values and
CIs unadjusted for the multiple pri-
mary and secondary hypotheses tested.
P�.05 was used to determine statisti-
cal significance. The reader can make
adjustments with such methods as Bon-
ferroni.

RESULTS
Data Flow

Our search identified 27 prospective,
randomized, placebo-controlled clini-
cal trials that compared the relative ef-
ficacy of antidepressants against pla-
cebo in patients younger than 19 years
for the treatment of MDD (15 trials,
n=3430), OCD (6 trials, n=718), and
non-OCD anxiety disorders (6 trials,
n=1162) (FIGURE). Response rates were
available for all but 2 MDD trials,23,51

and a primary scalar measure of effi-
cacy was available for all trials. Com-
plete data with regard to suicidal ide-
ation/suicide attempt were available
except in 1 trial, in which data on sui-
cidal ideation/suicide attempt were ob-
tained from only 1 of 2 treatment sites.30

Study Characteristics

Characteristics of the 27 included
trials are shown in Table 1. The
median number of treatment weeks
for MDD, OCD, and non-OCD anxiety
disorders was 8, 11, and 11, respec-
tively. Almost half (7/15 [47%]) of the
MDD trials used a placebo run-period,
compared with 2 (33%) of 6 OCD
trials, and 1 of 6 (17%) non-OCD
anxiety disorders trials (P=.51). All
but 4 of the studies used a flexible
dosing schedule. The majority (23/27
[85%]) of studies were multisite (me-
dian No. of sites, 21; interquartile
range, 5-36), with no differences in
number of study sites by treatment
indication (P=.63). Most studies were
conducted solely in the United States
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(19/27 [70%]). All OCD and non-
OCD anxiety disorders trials were
published or in press, compared with
12 (80%) of 15 MDD trials (P=.38).
The median overall Detsky score for
the 23 trials in which quality was
assessed was 0.88 (interquartile range,
0.80-0.95), indicating generally good
methodological quality. Failure to ana-
lyze data on a strictly intent-to-treat
basis and an inadequate description of
the randomization and exclusionary
procedures were the most common
methodological flaws. There were no

differences in methodological quality
by treatment indication (P=.91).

In MDD trials, the Clinical Global In-
ventory–Improvement scale52 was used
as a primary measure of response in 8
(53%) of 15 trials. The Children’s De-
pression Rating Scale–Revised53 was
used as the primary scalar measure of
efficacy in 11 (73%) of 15 trials. In OCD
trials, a reduction of 25% or more on
scores from the Children’s Yale-
Brown Obsessive Compulsive Scale54,55

was used as the primary measure of re-
sponse in 3 of 6 trials. All OCD trials

used change in the score from this lat-
ter scale, from baseline to end of treat-
ment, as the primary scalar measure of
efficacy. In non-OCD anxiety disor-
ders trials, the Clinical Global Inven-
tory–Improvement scale was used as the
primary measure of response in all 6
trials, and the Pediatric Anxiety Rat-
ing Scale56 was used as the primary sca-
lar measure of efficacy in 2 (33%) of 6
studies.11,12

Treatment Efficacy and Risk of
Suicidal Ideation/Suicide Attempts

Efficacy outcome data are summarized
in eTable 1,57,58 eTable 2 (http://www
.jama.com), and TABLE 2. Treatment-
emergent suicidal ideation/suicide at-
tempt data are summarized in TABLE 3
and TABLE 4, where separate analyses of
suicidal ideation and suicide attempt/
preparatory actions are presented for
comparison with the overall rates of sui-
cidal ideation/suicide attempt.

Major Depressive Disorder. Based
on data from 13 trials and 2910 par-
ticipants, pooled absolute rates of re-
sponse were 61% (95% CI, 58% to 63%)
in participants treated with antidepres-
sants and 50% (95% CI, 47% to 53%)
in those treated with placebo, yielding
a pooled risk difference of 11% (95%
CI, 7% to 15%), an NNT of 10 (95% CI,
7 to 15), and a g of 0.25 (95% CI, 0.16
to 0.34). A similar effect was found in
pooled analyses of continuous mea-
sures of mean improvement in depres-
sion symptomatology (g=0.20; 95% CI,
0.12 to 0.29). Pooled absolute rates of
suicidal ideation/suicide attempt were
3% (95% CI, 2% to 4%) in antidepres-
sant-treated participants and 2% (95%
CI, 1% to 2%) in those receiving pla-
cebo. The pooled risk difference was 1%
(95% CI, −0.1% to 2%; P=.08), so the
NNH was 112.

Obsessive-Compulsive Disorder. In
6 OCD trials of 705 participants, pooled
rates of response were 52% (95% CI,
46% to 57%) in SSRI-treated partici-
pants and 32% (95% CI, 27% to 37%)
in those receiving placebo, and the
pooled risk difference was 20% (95%
CI, 13% to 27%), yielding an NNT of
6 (95% CI, 4 to 8), and a g of 0.48 (95%

Figure. Study Selection

38 Potentially Appropriate Reports to
Be Included in the Meta-analysis
26 From PubMed
4 From clinicaltrials.gov
8 From Meeting Abstracts and

Other Sources

300 Reports Retrieved for Detailed Evaluation

12 From clinicaltrials.gov Search
191 From PubMed Search

97 From Meeting Abstracts and
Other Sources

1508 Potentially Relevant Citations
Screened for Retrieval

406 Identified by clinicaltrials.gov Search
964 Identified by PubMed Search

138 Identified by Search of Meeting
Abstracts and Other Sources

27 RCTs Included in Analyses of Efficacy
and Treatment-Emergent Suicidality
15 Major Depressive Disorder Trials

(3430 Participants)
6 Obsessive-Compulsive Disorder Trials

(718 Participants)
6 Non–Obsessive-Compulsive Anxiety

Disorders Trials (1162 Participants)

11 Trials Excluded
1 Crossover Design
1 Provided Adjunctive Cognitive Therapy
1 Active Comparator Group Only
1 RCT of Elective Mutism
1 Two-Phase Study
1 RCT of Acute Stress Disorder in

Pediatric Burn Survivors
4 RCTs Currently in Progress
1 Unpublished RCT of Bupropion vs

Citalopram vs Placebo

262 Reports Excluded
59 Duplicate Publications
15 Secondary Analyses
23 Reviews
18 Long-term Outcome

147 Not Relevant on Review

1208 Citations Excluded (Clearly Not Relevant)

RCT indicates randomized controlled trial.
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CI, 0.30 to 0.65). The pooled estimate
of g for the scalar measure of efficacy
was 0.41 (95% CI, 0.26 to 0.56). Pooled
absolute rates of suicidal ideation/
suicide attempt were 1% (95% CI, 0%
to 2%) in SSRI-treated participants and
0.3% (95% CI, −0.3% to 1%) in those
receiving placebo, and the pooled risk
difference was 0.5% (95% CI, −1% to
2%; P=.57), for an NNH of 200.

Non-OCD Anxiety Disorders. In 6
non-OCD anxiety disorders trials of
1136 participants, pooled rates of re-
sponse were 69% (95% CI, 65% to 73%)
in antidepressant-treated participants
and 39% (95% CI, 35% to 43%) in those
receiving placebo, and the pooled risk
difference was 37% (95% CI, 23% to
52%), yielding an NNT of 3 (95% CI,
2 to 5). While all studies favored anti-
depressant treatment, there was large
variation in the degree of benefit across
trials (risk difference range, 19%-
82%; Q5=32.88; P�.001). One small pi-
lot study31 had the highest point esti-
mate. Exclusion of this trial diminished
the prior result to a risk difference of
30% (95% CI, 19% to 41% [NNT, 4;
95% CI, 3 to 6]); however, significant
heterogeneity remained (Q4=14.71,
P=.01). For the primary scalar mea-
sure of efficacy, we calculated the pooled
estimate of g after excluding the pilot

study (0.69; 95% CI, 0.47 to 0.91;
Q4=12.19; P=.02), which was similar
to the primary risk difference of re-
sponse expressed as g (0.65; 95% CI,
0.52 to 0.79). Pooled absolute rates of
suicidal ideation/suicide attempt were
1% (95% CI, 0.2% to 2%) in antide-
pressant-treated participants and 0.2%
(95% CI, −0.2% to 0.5%) in those re-
ceiving placebo, and the pooled risk dif-
ference was 0.7% (95% CI, −0.4% to 2%;
P=.21), yielding an NNH of 143.

Suicidal Ideation/Suicide Attempts
in Placebo-Treated Participants

Among participants treated with pla-
cebo, the risk of suicidal ideation/
suicide attempt was greater in MDD
trials compared with non-OCD anxi-
ety disorders trials (odds ratio, 9.9; 95%
CI, 1.6 to 406.3) and OCD trials (odds
ratio, 5.8; 95% CI, 0.9 to 237.3); these
effects were limited to adolescent par-
ticipants. There was no evidence of a
treatment� indication�suicidal ide-
ation/suicide attempt interaction
(P=.53).

Suicidal Ideation/Suicide Attempts
in the FDA and Present Analyses

As shown in TABLE 5, our estimates of
the risk difference for suicidal ideation/
suicide attempt are lower than those re-

ported by the FDA because we used a
random-effects model to combine data,
whereas the FDA used a fixed-effects
model, and because we included 7 ad-
ditional studies,10-12,18,30,31,33 3 of which
were not available at the time of the
FDA report.10,18,33 The FDA used pri-
marily fixed-effects models to com-
bine data from the randomized trials but
also conducted random-effects mod-
els as part of a sensitivity analysis. The
estimates derived from the latter analy-
ses were more similar to our results,
since random-effects models tended to
yield smaller RRs and risk differences.

Continuous Moderators
of Outcome

In MDD trials, the number of trial sites
was inversely associated with risk dif-
ferences in response (�=−.002, Q1=3.8,
P=.05) and the scalar measure of effi-
cacy (�=−.01, Q1=3.7, P=.05), sug-
gesting a decrease in the magnitude of
antidepressant treatment effects as the
number of study sites increased. In 9
of 15 MDD trials for which data were
available, duration of the depressive
episode at intake was inversely associ-
ated with risk differences in response
(� = −.01, Q1 = 5.4, P = .02) and the
scalar measure of efficacy (�=−.02,
Q1=9.4, P=.002), indicating less effi-

Table 2. Overall and Age-Grouped Effects of Antidepressant Medication on Pooled Measures of Efficacy, by Indicationa

Age Grouping
No. of
Trials

Within Group

Effect of AgeNo. Responses/
No. of Participants (%) Risk

Difference, %
(95% CI)b

P
Value

Heterogeneity

Treatment Placebo
Qdf

Within
P

Value
Variance

Explained, %
Qdf

Between
P

Value
Variance

Explained, %

Major Depressive Disorder

All participants 13 944/1552 (61) 678/1358 (50) 11 (7 to 15) �.001 14.312 .28 16 NT NT NT

Children 5 175/269 (65) 156/270 (58) 7 (−1 to 15) .08 3.84 .43 0 1.25 .26 7

Adolescents 10 563/901 (62) 391/790 (49) 13 (8 to 17) �.001 13.49 .14 33

Obsessive-Compulsive Disorder

All participants 6 187/363 (52) 110/342 (32) 20 (13 to 27) �.001 1.25 .94 0 NT NT NT

Children 4 98/157 (62) 55/137 (40) 24 (13 to 35) �.001 0.13 .99 0 0.40 .53 17

Adolescents 4 59/121 (49) 37/114 (32) 18 (5 to 30) .01 1.83 .61 0

Non–Obsessive-Compulsive Anxiety Disorders

All participants 6 387/562 (69) 223/574 (39) 37 (23 to 52) �.001 32.95 �.001 85 NT NT NT

Children 3 62/88 (70) 37/88 (42) 29 (15 to 43) �.001 1.62 .45 0 3.71 .054 58

Adolescents 3 134/173 (77) 54/168 (32) 46 (36 to 55) �.001 1.12 .58 0
Abbreviations: CI, confidence interval; NT, not tested.
aDepending on study criteria, children were defined as being younger than 12 years or younger than 13 years; adolescents, as 12 years or older or 13 years or older.
bOverall risk difference estimated using the DerSimonian and Laird method,43 which may vary from the difference in the pooled response rates.
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cacy with longer duration of illness.
Study quality and proportion of fe-
male participants were not associated
with outcome.

In OCD and non-OCD anxiety dis-
orders trials, no patient characteris-
tics or elements of trial design were as-
sociated with outcome (P �.20 for all).

Categorical Moderators
of Outcome
In the 10 MDD trials for which age-
grouped data were available,4,5,14-17,24-26,29

the pooled risk difference in response
was lower in children than in adoles-
cents and not significantly different than
zero, in part related to a higher pla-

cebo response in children (�2
1=5.5,

P=.02) (Table 2). Limiting trials to only
fluoxetine studies resulted in statisti-
cally significant pooled risk differ-
ences in response that were similar for
children (21%; 95% CI, 4% to 37%;
P=.01) as well as adolescents (20%;
95% CI, 7% to 33%; P=.002). The trial-

Table 3. Differences in Rates of Treatment-Emergent Suicidal Ideation, Suicide Attempt, or Preparatory Actions Toward Imminent Suicidal
Behavior for Antidepressant-Treated and Placebo-Treated Groups, by Indication

Drug Source

Rate of Suicidal Ideation or Suicide
Attempt/Preparatory Actions,

No. Events/Total (%) Risk
Difference, %

(95% CI)Treatment Placebo

Major Depressive Disorder
Fluoxetine Simeon et al,23 1990 0/21 (0) 1/19 (5) −5 (−18 to 8)

Emslie et al,4 1997 2/48 (4) 2/48 (4) 0 (−8 to 8)

Emslie et al,24 2002 6/109 (6) 6/110 (6) 0 (−6 to 6)

TADS Study Team,5 2004 9/109 (8) 2/112 (2) 7 (1 to 12)a

Pooled estimates 17/287 (6) 11/289 (4) 2 (−3 to 6)

Paroxetine Keller et al,14 2001 4/93 (4) 1/88 (1) 3 (−2 to 8)

Berard et al,17 2006 6/180 (3) 2/95 (2) 1 (−3 to 5)

Emslie et al,16 2006 2/104 (2) 1/102 (1) 1 (−2 to 4)

Pooled estimates 12/377 (3) 4/285 (1) 2 (−1 to 4)

Sertraline Wagner et al,15 2003 5/189 (3) 2/184 (1) 2 (−1 to 4)

Citalopram von Knorring et al,25 2006 9/124 (7) 5/120 (4) 3 (−3 to 9)

Wagner et al,19 2004 1/93 (1) 2/85 (2) −1 (−5 to 3)

Escitalopram Wagner et al,18 2006b 1/131 (1) 2/133 (2) −1 (−3 to 2)

Citalopram/escitalopram Pooled estimates 11/348 (3) 9/338 (3) −0 (−3 to 2)

Venlafaxine Emslie et al29 8/182 (4) 0/179 (0) 4 (1 to 8)c

Nefazodone CN104-14126 0/95 (0) 0/95 (0) 0 (−2 to 2)

CN104-187 0/184 (0) 0/94 (0) 0 (−2 to 2)

Pooled estimates 0/279 (0) 0/189 (0) 0 (−1 to 1)

Mirtazapine 003-045 1/170 (1) 0/89 (0) 1 (−2 to 3)

Obsessive-Compulsive Disorder

Fluoxetine Geller et al,8 2001 1/71 (1) 0/32 (0) 1 (−4 to 7)

Liebowitz et al,30 2002b,d 0/15 (0) 0/14 (0) 0 (−13 to 13)

Pooled estimates 1/86 (1) 0/46 (0) 1 (−4 to 6)

Fluvoxamine Riddle et al,9 2001 2/57 (4) 0/63 (0) 4 (−2 to 9)

Paroxetine Geller et al,6 2004 1/99 (1) 0/107 (0) 1 (−2 to 4)

Sertraline March et al,7 1998 0/92 (0) 1/95 (1) −1 (−4 to 2)

POTS Study Team,10 2004b 0/28 (0) 0/28 (0) 0 (−7 to 7)

Pooled estimates 0/120 (0) 1/123 (1) −1 (−4 to 2)

Non–Obsessive-Compulsive Anxiety Disorders

Fluoxetine Birmaher et al,12 2003b 0/37 (0) 0/37 (0) 0 (−5 to 5)

Fluvoxamine RUPP Anxiety Study Group,11 2001b 0/63 (0) 0/65 (0) 0 (−3 to 3)

Paroxetine Wagner et al,13 2004 3/165 (2) 0/156 (0) 2 (−1 to 4)

Sertraline Rynn et al,31 2001b 0/11 (0) 0/11 (0) 0 (−16 to 16)

Venlafaxine Rynn et al,32 2007 1/157 (1) 1/163 (1) 0 (−2 to 2)

March et al33,34,b 2/140 (1) 0/150 (0) 1 (−1 to 4)

Pooled estimates 3/297 (1) 1/313 (0) 1 (−1 to 2)
Abbreviation: CI, confidence interval.
aNumber needed to treat to harm = 16 (95% CI, 9 to 125).
bData not from Hammad et al.1
cNumber needed to treat to harm = 23 (95% CI, 14 to 77).
dSuicidal ideation/suicide attempt data were obtained from 1 of 2 study sites.

BALANCING EFFICACY AND RISK IN PEDIATRIC ANTIDEPRESSANT TREATMENT

1690 JAMA, April 18, 2007—Vol 297, No. 15 (Reprinted) ©2007 American Medical Association. All rights reserved.

 by guest on September 18, 2008 www.jama.comDownloaded from 

http://jama.ama-assn.org


level variables of drug class, publica-
tion status, and placebo run-in period
were not significant moderators
(eTable 3 [http://www.jama.com]). The
potential role of funding source was
not examined, because trials funded
by the National Institute of Mental
Health all investigated the efficacy of
fluoxetine.

In OCD trials, the pooled measures
of efficacy outcome were comparable
in children and adolescents, and the use
of a placebo run-in period was not a sig-
nificant moderator of outcome.

In the 3 non-OCD anxiety disorders
studies for which age stratification was
possible,11-13 there was a trend for the risk
difference to be larger among adoles-

cents (46% vs 29%, Q1=3.71, P=.05)
(Table 2). Trials of SSRIs were associ-
ated with larger effect sizes of efficacy
favoring antidepressants compared
with non-SSRI trials and with eliminat-
ing intertrial heterogeneity (eTable 3
[http://www.jama.com]).

With respect to suicidal ideation/
suicide attempt, none of the patient

Table 4. Overall Within-Group Effects of Antidepressant Medication on Pooled Measures of Suicidal Ideation and Suicide
Attempt/Preparatory Actions Toward Imminent Suicidal Behavior, by Indicationa

Indication Type Age Grouping

Rate of Suicidal Ideation or
Suicide Attempts/Preparatory

Acts, No. Events/Total (%) Risk
Difference, %

(95% CI)b
P

Value

Hetrogeneity

Treatment Placebo Qdf

P
Value

Variance
Explained, %

Major Depressive Disorderc

Suicidal ideation or suicide
attempt/preparatory actions

All participants 54/1832 (3)d 26/1553 (2)d 1 (−0 to 2) .08 19.414 .15 28

Children 12/567 (2) 5/478 (1) 1 (−1 to 3) .20 5.58 .71 0

Adolescents 42/1271 (3) 21/1077 (2) 1 (−0 to 2) .17 13.114 .52 0

Suicide attempt/preparatory actions All participants 24/1832 (1) 10/1553 (1) 0 (−0 to 1) .26 9.114 .83 0

Children 4/567 (1) 2/478 (0) 0 (−1 to 2) .53 1.78 .99 0

Adolescents 20/1271 (2) 8/1077 (1) 0 (−0 to 1) .32 7.814 .90 0

Suicidal ideation All participants 30/1832 (2) 16/1553 (1) 0 (−0 to 1) .23 15.014 .38 7

Children 8/567 (1) 3/478 (1) 1 (−1 to 2) .29 2.98 .94 0

Adolescents 22/1271 (2) 13/1077 (1) 0 (−0 to 1) .32 9.814 .77 0

Obsessive-Compulsive Disordere

Suicidal ideation or suicide
attempt/preparatory actions

All participants 4/362 (1) 1/339 (0) 1 (−1 to 2) .57 2.65 .76 0

Children 0/206 (0) 1/185 (1) −0 (−3 to 2) .74 0.45 .99 0

Adolescents 4/156 (3) 0/154 (0) 2 (−2 to 5) .38 1.95 .87 0

Suicide attempt/preparatory actions All participants 1/362 (0) 0/339 (0) 0 (−1 to 1) .91 0.35 �.99 0

Children 0/198 (0) 0/180 (0) 0 (−2 to 2) �.99 0.05 �.99 0

Adolescents 1/164 (1) 0/159 (0) 0 (−3 to 3) .91 0.35 �.99 0

Suicidal ideation All participants 3/362 (1) 1/339 (0) 0 (−1 to 2) .69 2.55 .78 0

Children 0/198 (0) 1/180 (1) −0 (−3 to 2) .73 0.45 �.99 0

Adolescents 3/164 (2) 0/159 (0) 1 (−2 to 5) .44 1.75 .89 0

Non–Obsessive-Compulsive Anxiety Disordersf

Suicidal ideation or suicide
attempt/preparatory actions

All participants 6/573 (1) 1/582 (0) 1 (−0 to 2) .21 2.25 .82 0

Children 1/199 (1) 0/213 (0) 1 (−2 to 3) .61 0.34 .99 0

Adolescents 5/360 (1) 1/356 (0) 1 (−1 to 3) .25 2.94 .54 0

Suicide attempt/preparatory actions All participants 1/573 (0) 1/582 (0) 0 (−1 to 1) .99 0.05 �.99 0

Children 1/199 (1) 0/213 (0) 1 (−2 to 3) .61 0.34 .99 0

Adolescents 0/360 (0) 1/356 (0) −0 (−1 to 1) .83 0.64 .97 0

Suicidal ideation All participants 5/573 (1) 0/582 (0) 1 (−0 to 1) .29 3.25 .67 0

Children 0/199 (0) 0/213 (0) 0 (−2 to 2) �.99 0.04 �.99 0

Adolescents 5/360 (1) 0/356 (90) 1 (−1 to 3) .17 2.14 .73 0
Abbreviation: CI, confidence interval.
aDepending on study criteria, children were defined as being younger than 12 years or younger than 13 years; adolescents, as 12 years or older or 13 years or older. Effect of age

was not statistically significant (P�.35 for all).
bOverall risk difference estimated using the DerSimonian and Laird method,43 which may vary from the difference in the pooled risk rates.
cNo. of trials: n = 15, all participants; n = 9, children; n = 15, adolescents.
dSum of children and adolescents does not equal sum of all participants because in several trials numbers for age-grouped data were based on intent-to-treat population instead

of safety population.
eNo. of trials: n = 6, all participants; n = 6, children; n = 6, adolescents.
fNo. of trials: n = 6, all participants; n = 5, children; n = 5, adolescents.
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characteristics or trial features was an
important moderator in MDD, OCD,
and non-OCD anxiety disorders trials.

Publication Bias

Separate analyses of publication bias
were conducted for MDD, OCD,
and non-OCD anxiety disorders trials.
For each treatment indication, there was
no evidence of publication bias based
on visual analysis of the funnel plots,
the adjusted rank correlation tests, and
the regression intercept approach (data
available on request).

COMMENT
This meta-analysis of all available ran-
domized clinical trials of antidepres-
sant treatment of pediatric MDD, OCD,
and non-OCD anxiety disorders shows
evidence of efficacy for all 3 indica-
tions, although the effects were stron-

gest for non-OCD anxiety disorders, in-
termediate for OCD, and more modest
in MDD. We found some evidence that
age moderated outcome both for the
treatment of depression and anxiety,
and duration of depression was also a
moderator. One trial-level moderator
was found in studies of MDD, in which
efficacy was inversely proportional to
the number of trial sites. Consistent
with the analyses of the FDA,1 we found
evidence of an overall small but in-
creased risk of treatment-emergent sui-
cidal ideation/suicide attempt. How-
ever, the pooled random-effects risk
differences of suicidal ideation/
suicide attempt for each indication were
all less than 1%. There were no com-
pleted suicides in these trials. Before we
discuss each of these findings, we first
place these results within the limita-
tions of this study.

The main limitations are those im-
posed on the meta-analytic venture,
which is the quality and quantity of data
available for meta-analysis. With rela-
tively few trials in any of the 3 diag-
nostic categories, our ability to draw in-
ferences about design and diagnostic
moderators of treatment response and
of suicidal ideation/suicide attempt are
limited to major effects. Moreover, data
on factors that might explain differ-
ences in outcome between trials rela-
tive to baseline differences in partici-
pants, dosing, or adherence to treatment
are not consistently accrued in clini-
cal trials and therefore were not rou-
tinely available for this meta-analysis.
We did not adjust the P values for mul-
tiple comparisons, because the con-
trasts for the primary outcomes were
planned and the secondary analyses
were exploratory and should be re-
garded with caution. No study was de-
signed to examine suicidal ideation/
suicide attempt as a study outcome, and
in fact most trials were conducted in pa-
tients who had been carefully screened
to exclude youths at risk. Thus, un-
like efficacy data for which the out-
come is defined a priori, most studies
only collected data on suicidal ideation/
suicide attempt as part of adverse events
reporting, which is generally retrospec-
tive and not systematically assessed. Fi-
nally, our risk analysis was limited to
only suicidal ideation/suicide at-
tempt. We did not consider other com-
mon adverse effects, such as activa-
tion, insomnia, and gastrointestinal
tract symptoms, that may be more com-
mon in children than in adolescents,59

or other adverse effects of the medica-
tion, such as disinhibition, mania, ir-
ritability, and agitation, any of which
may precipitate suicidal ideation/
suicide attempt.60

Adolescents appeared to respond bet-
ter than children to antidepressants in
trials of both depression and anxiety.
While there was evidence of efficacy for
antidepressant treatment for de-
pressed adolescents across several an-
tidepressant types, only 1 agent, fluox-
etine, outperformed placebo in
depressed children younger than 12

Table 5. Differences in Risk of Treatment-Emergent Suicidal Ideation and Suicide
Attempt/Preparatory Actions Toward Imminent Suicidal Behavior for Antidepressant-Treated
and Placebo-Treated Groups: FDA Review and Present Meta-analysis, by Indicationa

Measure of
Effect Source

No. of
Trials

Pooled Effect-Size Estimate of
Suicidal Ideation/Suicide

Attempt/Preparatory Actions, %
(95% CI)

Fixed-Effects
Model

Random-Effects
Model

Overall

Risk ratio Hammad et al,1 2006 20 2.0 (1.3 to 3.0) 1.8 (1.1 to 2.8)

Present analysisb,c 20 1.9 (1.3 to 2.9) 1.7 (1.1 to 2.7)

Risk difference Hammad et al,1 2006 23 1.5 (0.6 to 2.4) 0.8 (0.1 to 1.5)

Present analysisb,c 27 1.3 (0.5 to 2.0) 0.7 (0.1 to 1.3)d

Major Depressive Disorder

Risk ratio Hammad et al,1 2006 14 1.9 (1.2 to 3.0) 1.7 (1.1 to 2.8)

Present analysisb 13 1.9 (1.2 to 2.9) 1.6 (1.0 to 2.7)

Risk difference Hammad et al,1 2006 16 1.7 (0.5 to 2.8) 1.1 (0.0 to 2.1)

Present analysisb 15 1.5 (0.4 to 2.6) 0.9 (−0.1 to 1.9)

Obsessive-Compulsive Disorder

Risk ratio Hammad et al,1 2006 4 1.8 (0.5 to 7.1) 1.8 (0.4 to 8.5)

Present analysis 4 1.8 (0.5 to 7.1) 1.8 (0.4 to 8.5)

Risk difference Hammad et al,1 2006 4 0.9 (−1.0 to 2.8) 0.5 (−1.2 to 2.3)

Present analysis 6 0.8 (−1.0 to 2.7) 0.5 (−1.2 to 2.2)

Non–Obsessive-Compulsive Disorder

Risk ratio Hammad et al,1 2006 2 2.9 (0.5 to 18.8) 2.4 (0.3 to 18.3)

Present analysisc 3 3.5 (0.7 to 17.1) 3.1 (0.6 to 16.8)

Risk difference Hammad et al,1 2006 3 0.9 (−0.7 to 2.5) 0.7 (−0.8 to 2.3)

Present analysisc 6 0.9 (−0.3 to 2.0) 0.7 (−0.4 to 1.8)
Abbreviations: CI, confidence interval; FDA, US Food and Drug Administration.
aRisk differences are presented as percentages. Wellbutrin trial 75 was not included in any analysis.
bSertraline trials A0501001/A0501017 and venlafaxine trials 382/394 were pooled for analysis.
cVenlafaxine trials 396/397 were pooled for analysis.
dNumber needed to treat to harm = 143 (95% CI, 77-1000).
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years. The reason why depressed chil-
dren seemed to respond better to fluox-
etine compared with other agents is un-
clear but could be due to study quality,
location, or properties of the medica-
tion itself, such as its long half-life.
These results are consistent with re-
cent reports examining the age-
stratified performance of fluoxetine and
other antidepressants in pediatric ma-
jor depressive disorder29,61-64 and sug-
gest that the lack of a significant treat-
ment effect may be due in part to a
higher placebo response in children.
The Treatment of Adolescent Depres-
sion Study (TADS)5 found that fluox-
etine showed a larger effect relative to
placebo in more severely depressed in-
dividuals (effect size, 0.69 vs 0.39), so
perhaps greater separation between
drug and placebo would be expected in
more severely ill children. Adoles-
cents also showed a vigorous response
to antidepressants for the treatment of
anxiety compared with children, al-
though children still showed a signifi-
cant and positive effect. This may be be-
cause separation anxiety is more
common in children than in adoles-
cents and, at least in 1 study, did not
appear to respond as well to antide-
pressant treatment as did the other anxi-
ety disorders.12 Despite some age dif-
ferences in response, antidepressants
appear to be more efficacious in the
treatment of pediatric anxiety in both
children and adolescents, compared
with the effects found for depression.
This may be due to chronicity and sta-
bility of anxiety disorders relative to de-
pression65 and greater homogeneity of
children with anxiety disorders, com-
pared with depressed children, some of
whom do not go on to have recurrent
depressive disorders.66

In depression trials, efficacy was in-
versely proportional to the duration of
the depressive disorder. While these re-
sults should be interpreted with cau-
tion because there was a large amount
of missing data (6/15 trials [40%]) for
this variable, these findings were also
reported in 1 large individual trial,61 as
well as in the Sequenced Treatment Al-
ternatives to Relieve Depression

(STAR-D) study in adults.67 This sug-
gests that efforts to identify depressed
youth earlier in their depressive course
may improve outcome. Given that anxi-
ety is a frequent precursor of depres-
sion and that the efficacy of antidepres-
sants for non-OCD anxiety disorders is
larger than those for depression, iden-
tification and treatment of anxiety dis-
orders may be another strategy to re-
duce the public health burden of child
and adolescent depression.65

Effect sizes for efficacy outcomes in
depression trials were inversely pro-
portional to the number of sites. This
suggests the need to either limit stud-
ies to fewer, larger sites, or to improve
quality control if a study requires a
larger number of sites, perhaps by cen-
tralizing the determination of eligibil-
ity and the assessment and monitor-
ing of treatment quality to a central
site.68

Similar to the FDA’s analysis, we
found an overall increased risk of sui-
cidal ideation/suicide attempt associ-
ated with antidepressant treatment. Our
pooled estimates of risk differences are
smaller than those from the FDA re-
port, because we used random-effects
rather than fixed-effects models for
combining studies and also because we
included 7 additional studies not cov-
ered in the FDA report.10-12,18,30,31,33

When we reanalyzed the data using
fixed-effects models, our results were
more similar to those of Hammad et al.1

While either approach to meta-
analysis is defensible, we believe that
a random-effects approach is more ap-
propriate for pooling data because it
does not assume that there is a com-
mon effect across all studies. In light of
quantitative and qualitative evidence of
heterogeneity among trials, this is a
more conservative assumption and pro-
vides estimates of risk differences that
are less vulnerable to heterogeneity
among studies. Moreover, we deem-
phasized the use of the metric of rela-
tive risk because it excludes studies in
which there were no events in either
cell, which then is not an accurate re-
flection of the risk found in the popu-
lation of all studies. Our findings are

also consistent with those of a recent
reanalysis69 of the data from the study
by Hammad et al1 that used Bayesian
meta-analysis to include all available
trials and found an increased risk of sui-
cidal ideation/suicide attempt in the
subset of MDD trials only. Using the
metric of relative risk, the risk of sui-
cidal ideation/suicide attempt in our
analysis is increased at least as much in
the OCD and non-OCD anxiety disor-
ders groups as in the depressed group.
However, a 2-fold increase in suicidal
ideation/suicide attempt is of poten-
tially greater clinical significance in de-
pression, because the base rate of inci-
dent suicidal ideation/suicide attempt
is much higher in the placebo-treated
depressed group compared with the
OCD or non-OCD anxiety disorders
placebo groups.

This meta-analysis cannot shed light
on exactly what characteristics of pa-
tient, medication, or trial might affect
incident suicidal ideation/suicide at-
tempt, but at a study level we did not
find any effect of sex or use of a pla-
cebo run-in period. While there has
been some speculation that emergent
suicidal ideation/suicide attempt might
be induced by withdrawal effects found
particularly in those drugs with shorter
half-lives, we found no such associa-
tion when comparing the risk of sui-
cidal ideation/suicide attempt in fluox-
etine, a drug with a longer half-life (5
days) than those of the other drugs (all
substantially shorter than 24 hours)
(P=.58). Furthermore, the risk of in-
cident suicidal ideation/suicide at-
tempt does not appear to be a conse-
quence of lack of efficacy, insofar as the
magnitude of increased risk is as simi-
lar for anxiety as it is for depression in
adolescents, even though antidepres-
sants are more efficacious for anxiety
than for depression.

A prior meta-analysis of SSRIs in pe-
diatric depression20 showed that pub-
lished trials produced a more favor-
able risk-to-benefit profile than
unpublished reports. In contrast, we
found no evidence of a publication bias
for studies of depression, because many
of the negative trials that were unpub-
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lished at the time of the first report were
either published or in press by the time
of the current meta-analysis. Neverthe-
less, there is a need for mandatory clini-
cal trial registration at a study’s incep-
tion, because trial registries provide a
step toward greater transparency.70 To
promote full disclosure, performance
and outcome data from clinical trials
should also be made publicly avail-
able and published in a timely man-
ner, regardless of results.

There are several recommendations
for future studies that emerge from what
could not be gleaned from this meta-
analysis. Baseline characteristics that are
likely to be related to treatment re-
sponse, as well as emergent suicidal ide-
ation/suicide attempt, should be as-
sessed and publicly available so that
future analyses can elucidate the im-
pact of these variables on outcome. For
example, self-reported suicidal ide-
ation and irritability at intake have been
found to predict future suicidal ide-
ation/suicide attempt.71,72 Future re-
search should focus on identifying the
most efficient methods for systemati-
cally monitoring children and adoles-
cents taking antidepressant medica-
tions for both clinical response and for
adverse events. An effective monitor-
ing system could increase the confi-
dence of clinicians and parents in the
use of these medications. Finally, al-
though it would increase the cost of
drug trials, assays of drug and metabo-
lites levels could identify those who are
nonadherent or who have either very
slow or very rapid metabolism and thus
are not responding to the treatment for
reasons other than intrinsic proper-
ties of the medication. Pharmacoge-
netic predictors of response and ad-
verse events may also hold promise.73,74

In summary, depending on treat-
ment indication, the NNT ranges from
3 to 10, while the NNH via emergence
of suicidal ideation/suicide attempt
ranges from 112 to 200, indicating a fa-
vorable overall risk-to-benefit profile for
antidepressants in the treatment of pe-
diatric MDD, OCD, and non-OCD anxi-
ety disorders. Although our meta-
analysis of antidepressant treatment

found an overall increased risk for sui-
cidal ideation/suicide attempt com-
pared with placebo, the pooled risk dif-
ferences for each specific treatment
indication, while in the direction of in-
creased risk, were not statistically sig-
nificant. Some may argue that any risk
of suicidal ideation/suicide attempt can-
not possibly justify treatment with an-
tidepressants for children and adoles-
cents. Instead, we believe that the
strength of evidence presented here
supports the cautious and well-
monitored use of antidepressant medi-
cations as one of the first-line treat-
ment options, with the recognition that
efficacy appears greatest for non-OCD
anxiety disorders, intermediate for
OCD, and more modest for MDD. Since
the choice of treatment should be the
result of a collaborative discussion be-
tween clinician, family, and patient, the
information presented in this report
should allow for an informed evalua-
tion of the potential benefits and risks
of these medications vs no treatment
and provide a framework for their com-
parison with nondrug treatments as
well.75,76
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eTable 1. Differences in Efficacy Outcomes for Antidepressant-Treated and Placebo-Treated Groups, by Indication

Drug Source
Response
Criterion

Response Rate, No.
Response/Total (%) Risk

Difference,%
(95% CI)

NNT
(95% CI)a

Primary Scalar
Measure of Efficacy

Scalar Measure of
Efficacy, Hedges g

(95% CI)Treatment Placebo

Major Depressive Disorder
Fluoxetine Simeon et al,23,57

1990
CGI-I �2 NA NA NA NA HAM-D total score 0.21 (−0.40 to 0.82)

Emslie et al,4

1997
CGI-I �2 27/48 (56) 16/48 (33) 23 (4 to 42) 5 (3 to 28) CDRS-R total score 0.60 (0.19 to 1.00)

Emslie et al,24

2002
�30% decrease

in CDRS-R
71/109 (65) 54/101 (54) 12 (−2 to 25) . . . CDRS-R total score 0.50 (0.23 to 0.77)

TADS Study
Team,5 2004

CGI-I �2 66/109 (61) 39/112 (35) 26 (13 to 39) 4 (3 to 8) CDRS-R total score 0.40 (0.13 to 0.66)

Pooled
estimates

164/266 (62) 109/261 (42) 20 (11 to 29) 6 (4 to 10) 0.46 (0.29 to 0.62)

Paroxetine Keller et al,14

2001
HAM-D �8

or �50%
reduction
from baseline

60/90 (67) 48/87 (55) 12 (−3 to 26) . . . HAM-D total score 0.22 (−0.08 to 0.51)

Berard et al,17

2006
�50% decrease

in MADRS
107/177 (61) 53/91 (58) 2 (−10 to 15) . . . K-SADS-L depression

subscale
0.07 (−0.19 to 0.32)

Emslie et al,16

2006
CGI-I �2 49/101 (49) 46/100 (46) 3 (−11 to 16) . . . CDRS-R total score −0.06 (−0.33 to 0.22)

Pooled
estimates

216/368 (59) 147/278 (53) 5 (−3 to 13) . . . 0.07 (−0.09 to 0.23)

Sertraline Wagner et al,15

2003b
�40% decrease

in adjusted
CDRS-R

127/185 (69) 105/179 (59) 10 (0 to 20) 10 (6 to 500) CDRS-R total score 0.28 (0.08 to 0.49)

Citalopram Wagner et al,19

2004
CDRS-R score

�28
32/89 (36) 20/85 (24) 12 (−1 to 26) . . . CDRS-R total score 0.32 (0.02 to 0.61)

von Knorring
et al,25

2006c

K-SADS-P
depression
and anhedonia
items �2d

50/83 (60) 47/77 (61) −1 (−16 to 14) . . . K-SADS-P total score −0.01 (−0.32 to 0.30)

Escitalopram Wagner et al,18

2006
CGI-I �2e 81/129 (63) 69/132 (52) 11 (−1 to 22) . . . CDRS-R total score 0.13 (−0.12 to 0.37)

Citalopram/
escitalopram

Pooled
estimates

163/301 (54) 136/294 (46) 8 (1 to 16) 13 (7 to 200) 0.15 (−0.02 to 0.31)

Venlafaxine Emslie et al29,b �35% decrease
in adjusted
CDRS-Rf

120/169 (71) 99/165 (60) 11 (1 to 21)g 10 (5 to 112) CDRS-R total score 0.14 (−0.07 to 0.35)

Nefazodone CN104-14126 CGI-I �2 61/99 (62) 40/96 (42) 20 (6 to 34) 6 (3 to 17) CDRS-R total score 0.28 (−0.01 to 0.56)

CN104-18751 CGI-I �2 NA NA NA NA CDRS-R total score 0.03 (−0.18 to 0.23)

Pooled
estimates

61/99 (62) 40/96 (42) 20 (6 to 34) 6 (3 to 17) 0.13 (−0.11 to 0.37)

Mirtazapine 003-04522,58,28,b CGI-I �2 93/164 (57) 42/85 (49) 7 (−6 to 20) . . . CDRS-R total score 0.20 (−0.07 to 0.46)

Obsessive-Compulsive Disorder

Fluoxetine Geller et al,8

2001
�40% reduction

in CY-BOCS
35/71 (49) 8/32 (25) 24 (5 to 43) 5 (3 to 19) CY-BOCS total score 0.49 (0.07 to 0.91)

Liebowitz et al,30

2002
CGI-I �2 12/21 (57) 7/22 (32) 25 (−3 to 54) . . . CY-BOCS total score 0.24 (−0.35 to 0.83)

Pooled
estimates

47/92 (51) 15/54 (28) 25 (9 to 40) 5 (3 to 12) 0.41 (0.07 to 0.75)

Fluvoxamine Riddle et al,9

2001
�25% reduction

in CY-BOCS
24/57 (42) 17/63 (27) 15 (−2 to 32) . . . CY-BOCS total score 0.31 (−0.04 to 0.67)

Paroxetine Geller et al,6

2004
�25% reduction

in CY-BOCS
61/94 (65) 42/102 (41) 24 (10 to 37) 5 (3 to 10) CY-BOCS total score 0.45 (0.17 to 0.73)

Sertraline March et al,7

1998
�25% reduction

in CY-BOCSh
49/92 (53) 35/95 (37) 16 (2 to 31) 7 (4 to 44) CY-BOCS total scorei 0.43 (0.14 to 0.71)

POTS Study
Team,10

2004

CY-BOCS total
score �10

6/28 (21) 1/28 (4) 18 (1 to 35) 6 (3 to 84) CY-BOCS total score 0.44 (−0.09 to 0.96)

Pooled
estimates

55/120 (46) 36/123 (29) 17 (6 to 28) 6 (4 to 16) 0.43 (0.17 to 0.68)

(continued)
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eTable 1. Differences in Efficacy Outcomes for Antidepressant-Treated and Placebo-Treated Groups, by Indication (cont)

Drug Source
Response
Criterion

Response Rate, No.
Response/Total (%) Risk

Difference,%
(95% CI)

NNT
(95% CI)a

Primary Scalar
Measure of Efficacy

Scalar Measure of
Efficacy, Hedges g

(95% CI)Treatment Placebo

Non–Obsessive-Compulsive Anxiety Disorders j

Fluoxetine Birmaher et al,12

2003
CGI-I �2 22/36 (61) 13/37 (35) 26 (4 to 48) 4 (3 to 27) PARS total score 0.53 (0.08 to 0.99)

Fluvoxamine RUPP Anxiety
Study
Group,11

2001

CGI-I �3k 48/63 (76) 19/65 (29) 47 (32 to 62) 3 (2 to 4) PARS total score 1.06 (0.69 to 1.43)

Paroxetine Wagner et al,13

2004
CGI-I �2 125/161 (78) 59/154 (38) 39 (29 to 49) 3 (3 to 4) LSAS-CA total score 0.88 (0.65 to 1.12)

Sertraline Rynn et al,31

2001
CGI-I �2 10/11 (91) 1/11 (9) 82 (58 to 106) 2 (1 to 2) HAM-A total scorel 1.48 (0.56 to 2.39)

Venlafaxine Rynn et al,32

2007b
CGI-I

�2m
106/154 (69) 77/159 (48) 20 (10 to 31) 5 (4 to 11) K-SADS-GAD

total score
0.45 (0.22 to 0.67)

March et al33,34 CGI-I �2 76/137 (56) 54/148 (37) 19 (8 to 30) 6 (4 to 14) SAS-CA total score 0.57 (0.33 to 0.81)

Pooled
estimates

182/291 (63) 131/307 (43) 20 (12 to 28) 6 (4 to 9) 0.51 (0.34 to 0.67)

Abbreviations: CDRS-R, Children’s Depression Rating Scale-Revised; CGI-I, Clinical Global Impressions-Improvement scale; CY-BOCS, Children’s Yale-Brown Obsessive Compulsive
Scale; ellipses, significant treatment effect not observed; GAD, generalized anxiety disorder; HAM-A, Hamilton Anxiety Scale; HAM-D, Hamilton Rating Scale for Depression; K-SADS,
Kiddie Schedule for Affective Disorders and Schizophrenia for School-Age Children; L, lifetime; LSAS-CA, Liebowitz Social Anxiety Scale for Children and Adolescents; MADRS, Montgomery-
Asberg Depression Rating Scale; NA, response data not available; NNT, number needed to treat to benefit; P, present; PARS, Pediatric Anxiety Rating Scale; SAS-CA, Social Anxiety
Scale for Children and Adolescents.

aValues are given only when a significant treatment effect was observed.
bTrial comprised 2 studies pooled for analysis.
cEfficacy outcomes based on observed-case analyses.
dFifty percent or greater reduction on MADRS total score was also defined as a measure of response.
eCDRS score �28 was also defined as a primary measure of response.
fCGI-I score �2 or �50% decrease in MADRS or HAM-D21 scores were also defined as measures of response.
g Individual venlafaxine trials did not reveal significant treatment effect (P�.10 for each study).
hCGI-I score �2 was also defined as a primary measure of response.
iThe National Institute for Mental Health (NIMH) Global Obsessive Compulsive Scale (GOCS) and the NIMH CGI-I and CGI-S (severity) rating scales were also used as primary scalar

measures of efficacy.
jSocial phobia, separation anxiety disorder, or generalized anxiety disorder.
k Indicated by a score of 3 (improved), 2 (much improved), or 1 (free of symptoms).
lThe HAM-A psychic and somatic factor scores and the CGI-I and CGI-S scores were also used as primary scalar measures of efficacy.
mA 50% reduction in composite score on the 9 delineated items of the Columbia K-SADS or in the PARS score was also defined as a measure of response.
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eTable 2. Overall and Age-Grouped Effects of Antidepressant Medication on Pooled Measures of Efficacy, by Indicationa

Age Grouping

Within Group

Effect of Age

No. of
Trials

Scalar Measure of
Efficacy (95% CI)b

P
Value

Heterogeneity

Qdf

Within
P

Value
Variance

Explained, %
Qdf

Between
P

Value
Variance

Explained, %

Major Depressive Disorder

All participants 15 0.20 (0.12 to 0.29) �.001 21.614 .09 35 NT NT NT

Children 7 0.21 (−0.11 to 0.53) .19 27.96 �.001 78 0.06 .82 0

Adolescents 13 0.25 (0.16 to 0.34) �.001 8.012 .78 0

Obsessive-Compulsive Disorder

All participants 6 0.41 (0.26 to 0.56) �.001 0.85 .98 0 NT NT NT

Children 3 0.41 (0.12 to 0.71) .01 0.42 .80 0 0.01 .94 1

Adolescents 3 0.43 (0.11 to 0.75) .01 0.12 .96 0

Non–Obsessive-Compulsive Anxiety Disorders

All participants 6 0.73 (0.50 to 0.96) �.001 15.25 .01 67 NT NT NT

Children 3 0.76 (0.11 to 1.41) .02 8.82 .01 77 0.15 .70 1

Adolescents 3 0.62 (0.43 to 0.81) �.001 2.12 .36 3
Abbreviations: CI, confidence interval; NT, not tested.
aDepending on study criteria, children were defined as being younger than 12 years or younger than 13 years; adolescents, as 12 years or older or 13 years or older.
bOverall risk difference estimated using the DerSimonian and Laird method,43 which may vary from the difference in the pooled response rates.
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eTable 3. Moderators of Effect of Antidepressant Medications on Pooled Measures of Efficacy and Suicidal Ideation and Suicide
Attempt/Preparatory Actions Toward Imminent Suicidal Behavior, by Indication

Moderator

Risk Difference
in Response

Scalar Measure
of Efficacy

Risk Difference
in Suicidal Ideation/Suicide

Attempt/Preparatory Actions

Difference, %
(95% CI)

P
Valuea

Variance
Explained,

%b
Hedges g
(95% CI)

P
Valuea

Variance
Explained,

%b
Difference, %

(95% CI)
P

Valuea

Variance
Explained,

%b

Major Depressive Disorder

Trial features, publication status .67 1 .39 3 .16 10

Published or in press 11 (6 to 15) 0.22 (0.12 to 0.33) 1.4 (0.1 to 2.8)

Not published 13 (10 to 26) 0.14 (−0.01 to 0.29) 0.2 (−0.9 to 1.2)

No. of trial sites .008 49 .001 54 .89 0

�25 17 (11 to 23) 0.36 (0.25 to 0.48) 0.8 (−1.3 to 3.0)

�25 7 (3 to 12) 0.11 (0.03 to 0.20) 1.0 (−0.2 to 2.2)

Study location .02 36 .13 10 .45 3

US only 15 (9 to 20) 0.25 (0.14 to 0.36) 0.7 (−0.7 to 2.2)c

Not US only 6 (0 to 12) 0.12 (−0.02 to 0.25) 1.6 (−0.1 to 3.2)

Placebo run-in .89 0 .36 4 .69 1

No 11 (5 to 18) 0.17 (0.06 to 0.28) 1.1 (−0.3 to 2.6)

Yes 11 (5 to 16) 0.26 (0.11 to 0.40) 0.6 (−1.3 to 2.6)

Medication .70 1 .27 6 .92 0

SSRI 11 (6 to 15) 0.23 (0.12 to 0.35) 0.9 (−0.4 to 2.1)

Non-SSRI 12 (5 to 19) 0.14 (0.02 to 0.26) 1.0 (−1.0 to 3.0)d

Episode duration, mo .18 21 .008 50 .20 11

�16.2 18 (10 to 25) 0.41 (0.26 to 0.56) 2.9 (−0.0 to 5.8)

�16.2 11 (6 to 17) 0.15 (0.03 to 0.27) 0.6 (−1.3 to 2.5)

Obsessive-Compulsive Disorder

Trial features, placebo run-in .36 67 .74 14 .92 0

No 22 (14 to 31) 0.43 (0.23 to 0.63) 0.9 (−1.3 to 3.2)

Yes 16 (5 to 27) 0.38 (0.16 to 0.61) 0.7 (−4.1 to 5.4)

Non–Obsessive-Compulsive Anxiety Disorders

Trial features, primary funding
source

.35 6 .53 3 .56 16

NIMH 38 (18 to 59) 0.81 (0.30 to 1.33) 0.0 (−2.6 to 2.6)

Industry 26 (13 to 40)e 0.63 (0.38 to 0.89)f 0.9 (−0.3 to 2.1)

Medication .001 72 .02 46 .68 8

SSRI 40 (31 to 48) 0.86 (0.62 to 1.10) 1.0 (−0.7 to 2.7)

Non-SSRIg 20 (12 to 28) 0.51 (0.34 to 0.67) 0.5 (−0.9 to 1.9)
Abbreviations: CI, confidence interval; NIMH, National Institute of Mental Health; SSRI, selective serotonin reuptake inhibitor.
aDerived from tests of the effect of each moderator variable on outcome.
bPercentage of variance explained by the moderator.
cTest of heterogeneity: Q8 = 16.3, P = .04, I2 = 51%.
dTest of heterogeneity: Q3 = 10.5, P = .02, I2 = 71%.
eTest of heterogeneity: Q2 = 9.2, P = .01, I2 = 78%.
fTest of heterogeneity: Q2 = 7.3, P = .03, I2 = 73%.
gVenlafaxine (extended release).
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