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Abstract
The proliferation of Selective Serotonin Reuptake Inhibitors (SSRIs) in the 1980s led to increased use of an-

tidepressant medications for children and adolescents with Major Depressive Disorder (MDD).  Since then, there 
have been 18 reviews of this literature with nine being meta-analytic.  Many of these meta-analyses suffer from sev-
eral methodological problems: did not statistically compare medication efficacy, included only randomized placebo 
control trials, calculated response rate rather than risk-difference and odds ratio, were conducted prior to the 2009 
publication of the PRISMA meta-analyses standards, rarely addressed publication bias, and failed to conduct meta-
regressions to account for moderator variables.  The purpose of the present meta-analysis was to address each of 
these limitations.  Results indicated SSRIs were the most effective class of medication with Sertraline having the 
highest response rate and Citalopram having the lowest response rate.  Overall, Nefazodone had the highest re-
sponse rate of any medication regardless of class, although there was a relatively small sample size (n = 39).  When 
examining publication bias, only SSRIs had statistically significant positive findings.  In terms of moderator variables, 
RCTs and open-label trials predicted response rate, as did age and gender (females). 

Keywords: Depression; Psychopharmacologic; Meta-analysis;
Children; Adolescents; Treatment; Antidepressant

Introduction
Major depressive disorder (MDD) is a chronic and recurrent 

condition that effects approximately 2% of children and 6% of 
adolescents [1,2].  Many children with MDD experience significant 
psychosocial impairments and require multimodal treatments 
including pharmacologic agents [3].  The proliferation of selective 
serotonin reuptake inhibitors (SSRIs) in the 1980s, with a wider margin 
of safety than tricyclic antidepressants, has led to their increased 
use among children and adolescents [4].  Nevertheless, SSRIs were 
included in the 2007 Food and Drug Administration (FDA) updated 
black box warning label that targeted the risk for suicidal thinking and 
behavior [5].  However, in a meta-analysis of the literature, Bridge et al. 
[6] found evidence that the benefits of antidepressants for children and 
adolescents appear to be much greater than risks of suicidal thoughts
or behavior.

There is still a considerable amount of undetermined information 
and speculation concerning the use of antidepressants with children 
and adolescents even though there have been approximately 18 
previously published reviews and analyses on this subject from 1995 
through 2012.  Part of the reason is that many of these reviews were 
purely descriptive and did not statistically synthesize (i.e., meta 
analyze) findings of the research [1,4,7-10].  They also had different 
foci including, but not limited to, effects of medications specifically 
on treatment resistant depression [11], safety of medications [9], and 
current issues associated with pharmacological treatment of childhood 
and adolescent depression [12]. 

There have been several reviews of the literature using meta-analytic 
techniques, but these too have methodological issues and different foci.  
First, the majority of the reviews examined only randomized placebo 
control trials [6,13-19].  Second, most studies used response rate as the 
primary effect measure, with only one utilizing risk-difference (RD) [6] 
and two using Odds Ratios (OR) [15,20].  Third, many of these analyses 
occurred prior to, or did not ascribe to, the Preferred Reporting Items 

for the Systematic Reviews and Meta-Analyses (PRISMA) [21].  Fourth, 
because many of the reviews did not follow PRISMA guidelines, only 
three had replicable descriptions [6,19,20].  Finally, most reviews 
focused solely on SSRIs [6] and did not include third generation 
medications (e.g., venlafaxine, reboxetine, nefazodone, mirtazapine).  
Their analysis also included children with anxiety disorders, and only 
randomized placebo control trials.  

In addition to these different foci, there is an important issue in 
meta-analyses that none of the previous syntheses addressed: the 
specific publication bias of the “file drawer” problem.  Sussman [22], 
in particular, stressed the importance of addressing this problem when 
assessing the efficacy and safety of antidepressants.  The basic notion of 
the file drawer problem is that statistically nonsignificant results are less 
likely to be published [23,24].  Consequently, the effect size obtained 
from a meta-analysis is likely to be distorted and that the exaggerations 
are strongest when the true effect size approaches zero [25].  However, 
if the missing studies are randomly omitted there is no systematic 
impact on the effect size [23].  Conversely, if there is a systematic 
omission from a literature synthesis (i.e., consistent lack of publishing 
nonsignificant results), readers and reviewers of the meta-analysis may 
draw the wrong conclusion about what that body of research shows 
[26].  Consequently, there is a continuing and pervasive concern with 
meta-analytic literature regarding the universality and consequences of 
the file drawer phenomenon on the synthesis of research [27].  
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The purpose of the present meta-analysis was to extend the findings 
and analytic methods of previous reviews by examining all published 
empirical studies regarding antidepressant medication to treat 
depression in children and adolescents.  Specifically, methodological 
limitations of previous reviews were addressed by (a) statistically 
comparing differential efficacy of medication classes and types, (b) 
including open-ended trials as well as RCTs, (c) calculating odds ratio 
in addition to traditional response rate, (d) applying the 2009 PRISMA 
standards, (e) addressing the specific publication bias of the file drawer 
problem, (f) and conducting meta-regressions to account for the 
moderator variables of age, gender, treatment length, study design, and 
medication class.

Method
According to guidelines published in the PRISMA statement, there 

are 12 items that must be addressed in the methods section of meta-
analyses that evaluate health interventions: protocol and registration, 
eligibility criteria, information sources, search strategy, study selection, 
data collection process, data items, risk of bias in individual studies, 
summary measures, synthesis of results, risk of bias across studies, and 
any additional analyses [21].  Each item must be addressed to ensure 
clarity and transparency of conducting systematic reviews, although, 
they do not have to appear as 12 separate sections.

Information sources for the present meta-analysis included 
searching the following online databases:  Medline, Psych INFO, 
and ERIC.  The following Boolean phrase was used for each source: 
(“Depression”) AND (“medication” OR “Anti-depressant”) AND 
(“Child*” OR “youth” OR “student” OR “adolescent”) with the last 
search completed on September 3, 2013.  The study criteria were 
limited to reports of empirical studies, quantitative studies, literature 
reviews, clinical trials, systematic reviews, and meta-analyses. 

Eligibility criteria

There were four eligibility criteria to be included in the current 
review and analysis: (a) type of study, (b) type of participants, (c) 
type of intervention, and (d) type of outcome measures.  First, articles 
were published in English, reported results of empirical data, and 
were quantitative in design.  Second, participants were children or 
adolescents between the ages of 0 to 18 years with Major Depressive 
Disorder (MDD) as the primary diagnosis.  Depressive disorders as 
a secondary comorbid condition to another psychiatric condition or 
individuals with bipolar disorder were not considered.  Third, studies 
were considered that examined the efficacy of a physician-prescribed 
medication and oversight intended to reduce depressive symptoms. In 
order to be included, the medication must have been one condition in 
isolation, and not combined with another intervention (e.g., cognitive-
behavioral therapy with medication).  Fourth, outcome measures were 
standardized psychometric instruments for determining severity of 
depressive symptomatology.  Where more than one measure was used, 
each measure was coded independently.  

Initial screening of articles was conducted by the second author 
and a research assistant independently reading the title and abstract of 
each manuscript and including or excluding the article based on the 
four eligibility criteria.  In the event it was unclear from the abstract 
or title that the article met each of the eligibility criteria, the article 
was retained in the search rather than excluding it at this initial stage.  
In cases of research syntheses, articles included were added to the list 
of articles screened for inclusion, removing duplicates as necessary. 
Article assessment and selection was performed independently by 

the second and third authors, with disagreements between reviewers 
resolved by consensus.

Data collection and analysis

A data collection sheet was developed by the research team and 
pilot tested using five randomly selected articles.  The second author 
performed all data extraction, with the third author independently 
checking the extracted data on 100% of the studies.  Disagreements were 
resolved through discussion.  In the event no agreement could be made, 
the first author acted as the tie-breaker.  Information extracted from 
each article included the following: (a) characteristics of participants 
(mean age, % female, and race), (b) type of medication administered, 
(c) treatment length, (d) study design, and (e) measures of effect along 
with raw scores when available.  Because the objective of this analysis 
was to be as inclusive as possible, the authors hypothesized that effect 
sizes of individual studies may differ as a result of study design.

Two meta-analyses were performed.  First, Response Rate (RR) 
was calculated for children and adolescents with MDD to treatment 
with psychopharmacologic medication.  Although response rate is not 
a standard effect measure, it does allow for the inclusion of summary 
data from studies that may not have had a control condition.  Second, 
an experimental odds ratio (OR) and 95% confidence intervals were 
calculated for all studies using response rates from the studies versus 
the average response to placebo (RR = 49.15%) and weighted to the 
treatment n.  For example, if the treatment group (n = 10) had 6 
responders, the placebo condition was determined as n = 10 with 5 (10 
x 0.4915) responders for OR = (6/10)/(5/10); OR = 1.2.  The OR was 
calculated for two reasons: (a) it provides a standard measure of effect 
that is recognized in medical research and (b) it provides an index of 
how each study’s results relate to the standard response rate.

The meta-analyses were then performed using SPSS v. 22 and 
Comprehensive Meta-analysis (v. 2.2) employing a random-effects 
model.  In order to account for studies that included more than one 
outcome measure, the most conservative measure (determined by 
ranking total effects from each measure across studies) was used.  In 
the event a study did not provide data on moderating variables (e.g., 
age, % female) the mean of the included studies was used.  Studies were 
then weighted by the inverse of the variance consistent with procedures 
set forth by Lipsey and Wilson [28].

Risk of publication bias

The probability of a treatment effect reported in a systematic review 
resembling the truth depends on the validity of the studies included 
in the analysis because certain methodological characteristics may 
be associated with effect sizes [29,30].  Therefore, it is important to 
determine whether the obtained sample of studies were representative 
of the totality of research conducted on the efficacy of psychotropic 
medications to treat childhood and adolescent depression.  The 
possibility of bias resulting from a tendency of only positive findings 
being published - known as the “file drawer effect” - was addressed using 
two methods: calculating the fail-safe N [31] and the p-curve approach 
[32].  The fail-safe N is determined by calculating the number of 
studies with an average null result necessary to make the overall results 
insignificant.  The p-curve was introduced to account for “p-hacking”, a 
theory asserting that researchers may be able to get most studies to find 
positive results through differing statistical methods [32].  The p-curve 
assesses the skew of the p-values reported to determine if p-hacking has 
occurred.  Essentially, data that skews to the right is evidence of little 
or no p-hacking, whereas data skewing to the left may be evidence of 
p-hacking.
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Additional analyses

In primary studies, regression is used to determine the relation 
between one or more moderators and a dependent variable.  The 
same approach is essentially used with meta-regression except that 
the covariates are at the level of the study rather than the level of the 
participant, and the dependent variable is the effect size in the studies 
rather than participant scores [23].  In the present study, fixed-
effects model meta-regressions were computed using response rate 
to medication with the following moderator variables: age, gender, 
treatment length, study design, medication class, and measurement 
instrument. Categorical data (medication class and study design) 
were dummy coded into binary data where each category was coded 
individually as “yes” = 1 “no” = 0.  The following statistic was used to 
test the significance of the slope(s):

 
=

B

BZ
SE

Results
Study selection 

A total of 38 studies involving 14 different prescribed antidepressant 
medications were identified for inclusion in the analysis.  Figure 1 
provides a diagram of the study selection process in accordance with 
the PRISMA (2009) standards.  The search of Medline, Psych INFO, 
and ERIC databases resulted in a total of 2,311 citations after removal 
of duplicates, with 23 articles included from previous reviews.  Of the 
2,334 citations, 2,267 were excluded after reviewing titles and abstracts.  
The 67 remaining manuscripts were read in their entirety resulting in 
38 studies meeting all inclusion criteria and being incorporated into 
the meta-analysis (Figure 1).

Study characteristics

The majority of studies (n=22) were Randomized Placebo-
Controlled Trials (RCTs), followed by open-label studies (n=11), and 
comparison designs (n=5).  Treatment length ranged between four and 
12 weeks, with the majority of studies (n = 19) employing an 8-week 
treatment phase (not including added “placebo lead-ins”).

Participants: A total of 2,328 participants from the 38 studies 
received antidepressant medication treatment.  In addition, there were 
a total of 1,627 placebo participants in the included 22 randomized 
controlled trials.  Sample sizes of the included studies ranged from 3 
to 185 (M = 56.75, SD = 55.47).  Participant characteristic means were 
calculated by using the study mean and weighting each study in SPSS by 
the n of each study’s treatment condition.  Mean age of the participants 
ranged from 9.1to 18.8 years old with a weighted mean of 13.92 (SD = 
1.74) [33,34].  The percent of females included in each study ranged 
from 11% to 87% with a weighted mean of 56.31 (SD = 10.25) [35,36].  
In addition, the percentage of ethnic-minority participants was quite 
small (.8% to 14.5%).  Table 1 presents study characteristics and results 
of individual studies (Table 1).

Medications: Three classes of medications were used, with 
selective serotonin-reuptake inhibitors (SSRIs) being researched most 
frequently (n = 21), followed by tricyclic antidepressants (TCAs; n = 
13), and a category listed as ‘other’ (n = 4) comprised of medications 
that do not easily fit into either medication classification.  Of the 
SSRIs, Fluoxetine was the most heavily studied (n = 6), followed by 
Citalopram (n = 4) and Paroxetine (n = 4), Sertraline (n = 3), and 
Escitalopram (n = 2) and Nefazodone (n = 2).  Tricyclic antidepressants 

B
SEB

receiving examination included Amitriptyline (n = 3), Clomipramine 
(n = 1), Desipramine (n = 3), Imipramine (n = 3), and Nortriptyline (n 
= 3).  In the ‘other’ category, Venlafaxine was researched in two studies 
followed by Azalopram (n = 1), and Bupropion (n = 1).

Syntheses of medication results

Response rates: Syntheses of each medication classification and 
medication were completed using the response rates from each study.  
Each study was weighted by the treatment n.  Mean RR for SSRI 
medication was 60.79% (SD = 8.47), followed by TCAs (RR = 54.22%, 
SD = 13.48), and the ‘other’ category (RR = 52.92%, SD = 8.95).  Of the 
SSRIs, Sertraline (RR = 67%) had the highest response rate, followed 
by Escitalopram (RR = 64%), and Fluoxetine (RR = 63%), while 
Citalopram performed the poorest (RR = 52%).  Amitriptyline, a TCA, 
had a Response rate of 76%, although the three studies examining its 
impact amounted to a modest total participant n of 34.  In the ‘other’ 
category, Nefazodone had the highest average response rate (RR = 
76%), followed by Bupropion (RR = 73%) however, only one study 
examined Bupropion’s impact with only 11 participants and an open–
label design. Finally,a total of 1,180 participants responded to placebo 
conditions in the RCT studies from a total of 2,401 placebo participants 
for a placebo response rate of 49.15%.

Odds ratios:  Response rates were calculated into Odds Ratios for 
all studies using the response rate from included studies versus the 
average response to placebo (RR = 49.15%) and weighted by the inverse 
of the variance.  The odds of responding to SSRI medication were 1.582 
times the odds of responding to the average placebo response (95% 
CI 1.37-1.82, p = 0.000).  The odds of responding to TCAs were 1.163 
times (95% CI 0.86-1.58, p = 0.335) followed by the other category of 
1.176 times (95% CI 0.89-1.56, p = 0.263). 
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Figure 1: Search Results.
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Source Treatment n % female Mean Age Treatment 
Length Measure Design Response 

Rate
Odds 
Ratiob

Odds 
Ratioc

Lower 
Limitc

Upper 
Limitc

Amitriptyline
Birmaher et al. [50] 13 70 16.1 10 HDRS RCT 69% 0.900b 2.625c .527 13.068
Kashani et al. [35] 9 11 10.8 8 BDI RCT 67% 7.000b 2.500c .370 16.888
Kye et al. [51] 12 29 14.6 8 HAM-D RCT 92% 1.222b 11.00c 1.061 114.086

Total 34 76% 1.825b 3.523c 1.179 10.568
Alprazolam

Bernstein et al. [52] 9 70 14.12 8 CGI-I Comp. 67% - 2.500c .370 16.888
Total 9 67% - 2.500c .365 17.122

Bupropion
Glod et al. [53] 11 45 15.5 8 CGI-I Open 73% - 3.200c .540 18.980

Total 11 73% - 3.200c .532 19.262
Citalopram

Shirazi & Alaghband-Rad [54] 30 53 13.6 6 HDRS Open 73% - 2.750c .934 8.100
Schirman et al. [55] 51 50.5 13.9 8 CGI-I Open 55% - 1.266c .581 2.757
Von Knorring et al. [56] 83 74 14.1* 12 KSADS RCT 60% 0.967b 1.552c .839 2.871
Wagner et al. [57] 89 53 12 8 CDRS-R RCT 36% 1.825b 0.574c .315 1.046

Total 253 52% 1.311b 1.117c .776 1.645
Clomipramine

Braconnier et al. [58] 55 54 16 8 CGI-I Comp. 58% - 1.443c .680 3.063
Total 55 58% - 1.443c .657 3.169

Desipramine
Boulos et al. [59] 12 55.3* 17.5 6 HAM-D RCT 50% 2.000b 1.000c .202 4.955
Klein et al. [60] 23 67 15.7 6 CGI-I RCT 52% 1.576b 1.190c .374 3.785
Kutcher et al. [61] 30 70 17.8 8 HDRS RCT 47% 1.511b 0.875c .318 2.410

Total 65 49% 1.627b 1.000c .496 2.020
Escitalopram

Emslie et al. [62] 154 59 14.5 8 CGI-I RCT 64% 1.605b 1.847c 1.170 2.916
Wagner et al. [63] 129 52 12.6 8 CGI-I RCT 63% 1.541b 1.768c 1.076 2.905

Total 283 64% 1.575b 1.686c 1.246 2.629
Fluoxetine

Cornelius et al. [34] 13 77 18.8 12 CGI-I Open 100% 31.154c 1.533 633.140
Emslie et al. [64] 48 46 12.5 8 CGI-I RCT 56% 2.571b 1.286c .576 2.871
Emslie et al. [65] 109 49 12.7 9 CDRS-R RCT 65% 1.626b 1.903c 1.104 3.279
Goodyer et al. (66)a 94 55.3* 14 12 CGI-I Comp. 61% - 1.608c .901 2.867
The TADS Team [67] 109 54 14.6 12 CGI-I RCT 61% 2.873b 1.563c 0.914 2.675
Waslick et al. [68] 12 68 15.9 8 CGI-I Open 75% - 3.000c 0.533 16.897

Total 385 63% 2.239b 1.700c 1.249 2.332
Imipramine

Bernstein et al. [52] 6 70 14.1 8 CGI-I Comp. 67% - 2.000c 0.194 20.614
Hughes et al. [69] 13 55.3* 14.1* 6 CDRS-R RCT 46% 0.857b 1.000c 0.214 4.674
Keller et al. [70] 94 59 14.9 8 HAM-D RCT 50% 1.175b 1.043c 0.589 1.849
Petti & Law [71] 3 55.3* 9.2 4 SADLI RCT 100% 11.667b 11.667c 0.322 422.139
Puig-Antich et al. [33] 16 60.5 9.1 5 KSADS RCT 56% 0.600b 1.286c 0.320 5.169

Total 132 52% 1.080b 1.145c 0.693 1.931
Nefazodone

Findling et al. [72] 28 42 14.2 8 CGI-I Open 79% - 3.667c 1.41 11.787
Goodnick et al. [73] 10 60 15 8 HDRS Open 70% - 2.333c .373 14.613

Total 38 76% - 3.219c 1.181 8.737
Nortriptyline

Geller et al. [74] 22 27 9.23 8 CDRS-R Open 64% - 1.750c 0.524 5.842
Geller et al. [75] 12 52 14.3 8 CDRS-R RCT 83% 0.341b 0.091c 0.009 0.943
Geller et al. [76] 26 30 14.1* 8 KSADS RCT 31% 2.222b 0.444c 0.143 1.381

Total 60 38% 1.691b 0.660c 0.298 1.451
Paroxetine

Berard et al. [77] 177 67 15.5 12 MADRS RCT 60% 1.096b 1.581c 1.037 2.410
Braconnier et al. [58] 59 67 16 8 CGI-I Comp. 59% - 1.509c 0.728 3.125
Emslie et al. [78] 101 47 12 8 CGI-I RCT 49% 1.106b 0.961c 0.554 1.669
Keller et al. [70] 90 62 14.8 8 HAM-D RCT 63% - 1.806c 0.996 3.276
Nobile et al. [79] 7 29 14.4 12 CGI-I Open 71% - 3.333c 0.362 30.701
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In terms of individual SSRI medications, Sertraline was the most 
effective SSRI (OR = 2.073, 95% CI 1.42-3.02, p = 0.000) followed by 
Escitalopram (OR = 1.811, 95% CI 1.29-2.53, p = 0.001), and Fluoxetine 
(OR = 1.700, 95% CI 1.27-2.27, p = 0.000), while Citalopram once 
again yielded the poorest results (OR = 1.117, 95% CI 0.783 – 1.593, p 
= 0.541).  The only TCA to show significant findings over the average 
placebo response was Amitriptyline (OR = 3.523, 95% CI 1.19-10.46, 
p = 0.023).  In the ‘other’ category, Nefazodone yielded the highest 
response compared to average placebo (OR = 3.219, 95% CI 1.202-
8.620, p = 0.020), although the number of participants was small (n 
= 38).  None of the other medications in the ‘other’ category were 
significant over the average placebo despite relatively high Odds Ratios 
in two: Bupropion (OR = 3.200, 95% CI 0.54-18.98, p = 0.200) and 
Alprazolam (OR = 2.50, 95% CI 0.37-16.89, p = 0.347).

Risk of Publication Bias Within Studies

The possibility of bias in publication resulting from a tendency 
of only positive findings being published was assessed through 
two methods: (a) Rosenthal’s fail-safe N (Rosenthal, 1979) and the 
p-curve approach [32].  Table 2 provides results of analyses related to 
publication bias (Table 2).

Fail-Safe N: The fail-safe N was calculated for each class of 
medication and each individual medication (provided more than two 
studies were present) using the experimental Odds Ratio calculated 
from the aggregate placebo response rate of the included studies 
with placebo controls.  Of the classifications of medications, only 
SSRIs had statistically significant positive findings and those positive 
findings would require 184 studies with null findings to bring the p 
value to insignificant levels.  The most significant findings from SSRI 
medications with more than five studies were for Fluoxetine, which 
would require 19 null studies to bring the p value to >0.05 followed by 
Paroxetine and Sertraline.  Further, Amitriptyline was the only TCA 
with positive findings and would require only two studies with null 
findings to invalidate the results.

P-Curve: The p-curve was applied to account for p-hacking [32]- 
a theory suggesting that studies may have utilized certain statistical 
procedures to ensure finding positive results.  In calculating the p-curve, 
only medications or classifications of medications with more than five 
studies were included.  Results indicated that neither the extant SSRI 
literature (p = .1104) nor the specific medication Fluoxetine (p = .5328) 
have sufficient evidence in their findings, although there does not appear 
to be evidence that the literature has been p-hacked.  Furthermore, the 
TCA literature lacks evidence of findings (p=0.0197) and nearly has 
evidence to suggest that it has been p-hacked (p=0.0648).  

Additional Analyses

Meta-Regressions: Meta-regressions were performed to 
determine which of the moderator variables predicted response 
rate to medication.  Of the medication classes coded, not being 
a TCA (t = -10.052, p = 0.000) or the ‘other’ category (t = -2.975, 
p = 0.003) significantly predicted response rate.  Of the designs 
employed, only open-label trials significantly predicted RR (t = 
2.927, p = 0.004).  Further, % of females in the study (t = -2.742, 
p = 0.006) and participant age (t = 3.389, p = 0.001) significantly 
predicted response rate to treatment.

ANOVAs: Two analyses of variance (ANOVA) were performed to 
determine if certain medication classes or study designs significantly 
affected the response rates to medication.  Regarding medication 
classes, differences between groups were significant (F [2, 887] 
= 5.075, p = 0.007).  Scheffe post-hoc tests were then performed 
to examine individual differences with SSRIs significantly 
outperforming the TCA category (M = 0.0515, p = 0.010), but not 
the ‘other’ category (M = 0.0215, p = 0.353).  Further, the ‘other’ 
category was also associated with higher response rates than TCAs 
(M= 0.03004, p = 0.342) but not SSRIs (M = -0.0215, p = 0.353).  
Of the study designs, differences between groups were significant 
(F [2,887] =9.598, p=0.000) with both randomized control-trials 
(M = 0.03266, p = 0.001) and open-label trials (M = 0.05558, p = 0.001) 
significantly impacting response rates compared to comparison trials.  
However, there was no significant difference between RCTs and open-
label trials in terms of response rate.

Discussion 
Results of the present analysis can be summarized as follows:  The 

majority of studies had Caucasian participants and the percentage of 
participants who were African-American and Hispanic from the few 
studies that included them were very low.  When there were sufficient 
studies, the most effective class of medication was SSRIs with Sertraline 
having the highest response rate and Citalopram the lowest response 
rate.  However, regardless of medication class, overall Nefazodone 
was the medication with the highest response rate.  It is important 
that this finding is interpreted cautiously because it is based on only 
38 participants.  Although Amitriptyline and Bupropion had response 
rates higher than the SSRIs, the number of studies for each (N = 3, N 
= 1), respectively, was small.  In terms of risk of bias, it is unlikely that 
the extant SSRI literature suffers from the file drawer problem because 
it would take 184 studies with null findings to bring the p value to 

Total 434 58% 1.308b 1.530c 1.080 1.947
Sertraline

Melvin et al. [81] 26 73 15 12 GAF Comp. 46% - 0.857c 0.289 2.546
Nixon et al. [36] 23 87 15 12 HAM-D Open 74% - 3.091c 0.895 10.672
Wagner et al. [81] 185 51 12 10 CDRS-R RCT 69% 1.543b 2.262c 1.481 3.455

Total 234 67% 1.543b 2.073c 1.345 3.100
Venlafaxine

Brent et al. [82] 166 68 15.8 12 CGI-I Comp. 48% - 0.953c 0.620 1.466
Emslie et al. [83] 169 46 12.2 8 HAM-D RCT 51% 1.103b 1.087c 0.708 1.669

Total 335 49% 1.103b 1.018c 0.722 1.437

*mean of all included studies used due to missing data
a May not have included only Fluoxetine
b Odds Ratio calculated from Study Placebo Condition
c Odds Ratio Calculated from Estimated Placebo response rate of 49.15%
BDI=Beck Depression Inventory, CDRS-R = Children’s Depression Rating Scale – Revised, CGI-I = Clinical Global Impression – Improvement, HAM-D = Hamilton Rating 
Scale for Depression, KSADS = Kiddie-Sads, MADRS = Montgomery-Asberg Depression Scale

Table 1: Summary of Included Studies Evaluating Antidepressant Medication in Children and Adolescents.
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nonsignificant levels.  Similarly, the SSRI literature does not appear to 
be plagued p-hacking, however TCAs tended toward being p-hacked.  
In terms of moderator variables, not being a TCA or ‘other’ medication 
predicted response rate, while open-label trials was the only design 
that predicted response rate, and age and gender (females) predicted 
response rate to treatment.  Specifically, as the age of participants 
increases, so too does their response rate to medication.  Also, the lower 
the percentage of female participants, the higher the response rates.  Of 
the study designs, RCTs and open-label trials resulted in significantly 
higher response rates than did comparison trials. 

Medication class, type, and efficacy

It was not easy to reach unequivocal conclusions regarding which 
class and type of medication was the most efficacious.  The reason was 
because some medications (e.g., Amitriptyline, Bupropion) had too 
few studies and participants to determine their differential efficacy with 
any veracity.  Response rates and odds ratios were calculated and both 
indicated that SSRIs were more effective than TCIs and medications 
in the ‘other’ category when sufficient studies and participants existed.  
These results are consistent with past research in which TCAs have 
repeatedly been found to be no more effective than placebo and present 
the possibility of severe, even lethal side effects [7,8,20,37].  

Another important point in determining differential efficacy of 
medication involves the three phases with which depression is treated: 
acute, continuation, and maintenance.  Boylan et al. [1] stated that most 
studies in children and adolescents have evaluated treatments during 
the acute phase, with only one controlled trial for continuation [38] 
and no maintenance studies.  Therefore, recommendations regarding 
medication efficacy during the continuation and maintenance 
treatments must be extrapolated from the adult literature, but there 
are a variety of pharmacokinetic differences that may impact how 
youngsters respond to medication during these phases [39]. 

At this juncture, there are simply too few studies to reach definitive 
conclusions regarding which class and type of medication is the most 
efficacious for children and adolescents.  However, the current analysis 
was the first to statistically compare medications and, within the class 

of SSRIs, determine that Sertraline had the highest response rate while 
Citalopram the lowest response rate.  Relatedly, Pfalzgraf et al. [40] 
surveyed child psychiatrists and found that the antidepressants of 
choice tended to be the SSRIS fluoxetine or sertraline - a finding that is 
consistent with the results of the present meta-analysis.

Publication Bias: The “File Drawer Problem”

The “file drawer problem” was articulated by Rosenthal [31] 
approximately 35 years ago.  Basically, research on a given topic that has 
not been published (i.e., nonsignificant results) cannot be determined.  
This systematic omission from the literature may distort an effect size 
obtained from a meta-analysis and that the exaggerations are strongest 
when the true effect size approaches zero [25].  In the present study, 
results of the Fail-Safe N reflect how fragile “significant effects” from 
a body of literature can be.  For example, Amitriptyline, the only TCA 
with positive findings, would only require two studies with null results 
to invalidate its effectiveness.  On a positive note, for the statistically 
significant findings of SSRIs to be invalidated would require 184 
studies with null findings.  The most significant SSRI finding was for 
Fluoxetine, which would require 19 null studies.  Ironically, in the 
present study, Fluoxetine was one of the least effective SSRIs, yet it 
is the only medication in which there was the most confidence that 
no p-hacking occurred.  Conversely, not only were TCAs no more 
effective than placebo, there was some evidence suggesting they had 
been p-hacked.   

Although attempts, such as the two procedures used in the 
present analysis to account for the file drawer problem, have often 
been undertaken by researchers, some unknowable number of 
nonsignificant findings remain unrecoverable.  Furthermore, Kromrey 
and Rendina-Gobioff [41] concluded that current statistical methods 
to account for publication bias may fail to control Type I error rates 
or lack sufficient power.  Therefore, Howard et al. [42] proposed a 
different way of addressing the file drawer problem using the example 
of the psychotherapy efficacy literature.  Rather than correcting for 
bias statistically, they suggested performing a new mini-literature 
review meta-analysis of all their new studies and whether the results 
approached the value of a meta-analysis obtained from the entire 

Fail-Safe N P-Curve

Medication Z P # of studies necessary to 
bring p-value to >alpha

Right Skewed
(Evidence)

Flatter than 33%
(Lack Evidence)

Left-skewed
(lack evidence and p-hacked)

SSRIs 6.24790 0.00000 184 X2 (12)=18.18, p=.1104 X2 (12)=11.6, p=.4787 X2 (12)=6.36, p=.8966
Citalopram 1.00905 0.31295 0 - - -
Escitalopram* - - - - - -
Fluoxetine 3.94061 0.00008 19 X2 (4)=3.15, p=.5328 X2 (4)=4.6, p=.3308 X2(4)=2.46, p=.6519
Paroxetine 2.73021 0.00633 5 - - -
Sertraline 3.04984 0.00229 5 - - -

TCAs 1.30166 0.19303 0 X2(4)=0.46, p=.977 X2(4)=11.7, p=.0197* X2(4)=8.86, p=.0648
Amitriptyline 2.38321 0.01716 2 - - -
Clomipramine* - - - - - -
Desipramine 0.02107 0.98319 0 - - -
Imipramine 1.08406 0.27834 0 - - -
Nortriptyline -1.44434 0.14864 0 - - -

Other 2.23309 0.02554 2 X2(2)=1.08, p=.5837 X2(2)=2.95, p=.2288 X2(2)=1.75, p=.4163
Azaprolam* - - - - - -
Buproprin* - - - - - -
Venlafaxine* - - - - - -
Nefazadone* - - - - - -

*Too few studies to calculate Fail-Safe N
Table 2: Summary of Fail-Safe-N for included studies by medication and classification.
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- presumably biased (i.e., file drawer effect) - literature, or whether 
results were closer to the null value (d = 0.00).  Clearly, the solutions to 
the file drawer problem present a vexing and challenging issue to meta-
analytic research and it will likely take a paradigm shift to truly address 
this problem such as authors submitting only their literature review 
and methods, abandoning conventional inferential statistics in favor of 
Bayesian approaches, or registering studies and protocols online prior 
to conducting a study [43].

Age, gender, and response rates

In the present analysis, participants’ response rates to medication 
increased as did their age.  This finding is congruent with results 
of previous reviews [6] and also data indicating that some 
neurotransmitter systems related to affect are not fully mature during 
childhood and adolescence [39].  Moreno et al. [39] described a myriad 
of pharmacokinetics that impact children and adolescents’ response 
to antidepressants compared to adults such as lower absorption rate, 
increased metabolism rate, reduced level of drug protein binding, 
and more permeable blood-brain barrier.  They also believed that the 
typical approach for children and adolescents - based on adult studies 
- of proportionally reducing doses by body weight may result in non-
therapeutic levels that would yield negative results.  Results from 
the present analysis partially confirm this assumption because older 
participants had a greater response rate then younger participants, 
but refuted it because significant effects were obtained for all aged 
participants.  Therefore, in the lack of a pediatric dosing protocol, the 
present approach seems sufficient and appropriate.

Gender differences in the prevalence, phenomenology, and natural 
history of MDD have been well documented.  The rate of MDD is 
approximately equal between boys and girls, but during adolescence, 
there is a dramatic increase in depression among females, and that trend 
continues through adult life [44,45].  Although men and women differ 
in the metabolism and distribution of antidepressants, actual gender 
differences in terms of response rate remains a controversial topic that 
is marked by individual-specific variability that may be due, in part, to 
genetic disparities [44].  In the present study, the lower the percentage 
of female participants, the higher the response rates.  However, gender 
and age interact and influence each other.  Participants response rate 
improved the older they got and with fewer females.  

Design

In terms of study design, randomized control trials and open-
label trials had participants with significantly better response rates 
than participants in comparison trials.  However, there were no 
differences in response rate between randomized control-trials and 
open-label trials.  A similar result was obtained by Biederman et al. 
[46] who conducted a meta-analysis of open-label versus randomized, 
placebo-controlled trials to predict results of psychopharmacologic 
treatments for pediatric bipolar disorder.  They concluded that open-
label trials are useful predictors of the potential safety and efficacy of a 
psychopharmacologic agent to treat youth with bipolar disorder.  It may 
come down to a clinical judgment of perceived risk whether to expose 
patients to randomized placebo control-trials versus open-label trials.  
For example, in a sample of adults receiving antidepressive treatment, 
Deuschle et al. [47] found no difference between each research design 
in terms of clinical outcome, but suggested that randomized control-
trials may expose patients to an increased risk of adverse events 
compared to the open condition.  This increased risk is mitigated 
in most other fields of medicine by using a standard of care (SOC) 
guideline as the control condition.  For example, the American Society 

of Clinical Oncology (ASCO; 2014) publishes guidelines for the most 
current SOC for treating each type of cancer [48].  Those standards of 
care are then used to inform quality of practices used by physicians 
and to guide subsequent clinical trials that use the SOC as a control 
condition with other treatments compared to it, thereby ensuring that 
the patient is not exposed to increased risk.  Unfortunately, the field 
of psychiatry has relatively vague guidelines for treating depression in 
adults [48] allowing for the use of a variety of pharmacotherapies (e.g., 
SSRIs, SNRIs, Bupropion), psychotherapy, or other somatic therapies 
(e.g., electro-convulsive therapy), making the systematic study of any 
treatment modality against a SOC difficult. 

Conclusion
Major depressive disorder in children and adolescents has been 

the topic of much research including, but not limited to, diagnosis, 
assessment, prevalence, characteristics, and treatment.  In the latter 
case, most of the research points to cognitive-behavioral therapy and 
psychopharmacology - or a combination of both - being the most 
efficacious approaches for treating children and adolescents with MDD.  
The current review analyzed 38 studies, which is the most to date, in 
order to address several methodological issues inherent to previous 
meta-analyses.  Specifically, the present review was the first to adhere 
to the PRISMA standards for reporting systematic reviews and meta-
analyses of studies regarding efficacy of psychopharmacologic therapy 
to treat MDD in children and adolescents.  In addition, the current 
review was the first to statistically compare the efficacy of different 
classes and types of medication, address publication bias the file-
drawer problem presents, and examined various moderator variables.

There are several limitations to the present study.  First, there 
are different data-bases from which studies can be obtained (e.g., 
Medline versus Pubmed).  Also, it is always problematic determining 
which search terms to input.  These considerations may lead to 
different studies being obtained.  That is why the PRISMA statement 
recommends authors include their search parameters so that replication 
is possible.  Second, there were simply too few studies reviewed to 
examine the impact of race on the effect of antidepressants to treat 
MDD in children and adolescents.  Third, the outcome measures 
used were not consistent across studies ranging from a variety of 
clinician rating scales (e.g., CGI-I) to depression inventories (e.g., 
BDI), thus results should be treated with caution.   Fourth, the results 
regarding the differential efficacy of antidepressants must be evaluated 
carefully because of the small number of studies and/or participants 
in individual studies for certain classes and types of medication.  For 
example, in the present review, there were only one study a piece on 
the response rates of Azalopram and Bupropion.  By far, the most 
research has been conducted on SSRIs, but the comparative efficacy 
of medications within this class has been sparse.  There is also little 
research on the comparative efficacy of SSRIs versus third generation 
antidepressants that make up the serotonin-norepinephrine-dopamine 
reuptake inhibitors (SNDRIs).  Among adults, Oliver et al. [49] 
found third generation antidepressants to be just as effective and safe 
as the previous class of SSRIs.  A final area for future study needs to 
address socioeconomic status and ethnicity upon response rate to 
antidepressants.  Especially important is ensuring that future meta-
analyses adhere to the PRISMA standards and, regardless of the study 
design, participants receive a treatment as is typical in other areas of 
medical treatment.
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