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Abstract

Objective: The high placebo response rate may hamper the discovery of antidepressants in children and adolescents with
major depressive disorder (MDD). The aim of the study was to clarify the relationship between the placebo response rate and
clinical trial outcomes of the use of antidepressants in children and adolescents, and distinguish main factors responsible to
placebo response rate.

Methods: The PubMed and Cochrane Library databases were searched for double-blind randomized placebo-controlled trials
of the new-generation antidepressants for the acute treatment of MDD in children and adolescents. The response rate
differences (RDs) between placebo group and treatment group under different level of placebo response rate were pooled by
random-effects meta-analysis. The classification thresholds for low, medium, and high placebo response rate were set at
<40%, 40%-50%, and >50%, respectively. Predictors of placebo response rate were explored using meta-regression.
Results: The analysis included 18 trials with 4365 participants. This study found that the lower the placebo response rate, the
greater the efficacy differences between antidepressants and placebo. In the high, moderate, and low placebo response rate
subgroups, the response RDs (95% CI) between antidepressants and placebo were 8 (1-14)%, 10 (2—17)%, and 21 (9-32)%,
respectively. The meta-regression showed that the number of study sites was the factor most associated with placebo response
rate, and that response rate increased 3% with every additional 10 study sites.

Conclusions: The clinical outcome was related to the placebo response rates in the clinical trials of antidepressants in children
and adolescents with MDD. The efficacy differences between antidepressants and placebo will be maximized when placebo
response rates are reduced. The number of study sites was the factor most associated with the placebo response rates.
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Introduction

MAJOR DEPRESSIVE DISORDER (MDD) is one of the most
common mental disorders in children and adolescents.
A recent study in the United States reported an increase in the
12-month prevalence of major depressive episodes in adolescents,
from 8.7% in 2005 to 11.3% in 2014 (Mojtabai et al. 2016). Unlike
adults, children and adolescents with MDD are underdiagnosed,
and only 36%—44% of them are treated or receive health care

(Olfson et al. 2014). Persistent depression in children and adoles-
cents is associated with serious complications, including poor
school performance and social functioning, recurring depression in
adulthood, and suicide (Hopkins et al. 2016). Therefore, the US
food and drug administration (FDA) has stressed the need to treat
MDD in children as early as possible (US FDA 2017).

Currently the use of antidepressants in adolescents is gradually
increasing (Bachmann et al. 2016). However, previous meta-
analyses and many clinical trials indicate that antidepressants are

'Center for Drug Clinical Research, Shanghai University of Traditional Chinese Medicine, Shanghai, China.

2Shanghai Mental Health Center, Shanghai, China.
*These authors contributed equally to this study.

Funding: This study was supported by the project of Shanghai Municipal Health Planning Commission (2018Y(Q48), Science and Technology Innovation Action
Plan of Shanghai (17401970900), and National Major Scientific and Technological Special Project for *“Significant New Drugs Development” during the Thirteenth
Five-year Plan Period (2018ZX09734005-001-002, 2018ZX09734005-006, 2018ZX09711001-009-001, 2018ZX09731016, 2017ZX09304003).



Downloaded by K.U.Leuven from www.liebertpub.com at 08/06/19. For personal use only.

minimally effective or equivalent to placebo (Bridge et al. 2007;
Kirsch 2014; Cipriani et al. 2016; Jureidini 2016; Le Noury et al.
2016; Locher et al. 2017). Unfortunately, most of these studies
ignored the heterogeneity of the studies with different placebo re-
sponse rates.

In this study, we present a comprehensive systematic analysis to
understand the efficacy of the new-generation antidepressants in
children and adolescents under the different levels of placebo re-
sponse rate. Moreover, the factors related to the placebo response
rate in children and adolescents will be identified to provide a
valuable reference for future clinical trials.

Methods
Search strategy

The systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) standard (Liberati et al. 2009) (Supple-
mentary Appendix pl-4). The PubMed and Cochrane Library
databases were searched for double-blind randomized placebo-
controlled trials. The retrieval deadline was December 31, 2017.
We also screened the pharmaceutical company websites, the
FDA website, and key journals for published and unpublished
studies. The detailed search strategies are described in Supple-
mentary Appendix pS5.

Outcome

Our primary outcome was response rate. Response rate refers to
the ratio of participants who respond to treatment. Being a re-
sponder was defined as having a clinical global impression-
improvement (CGI-I) score <2 (Guy 1976), at least a 50% reduction
in Children’s Depressive Rating Scale-Revised (CDRS-R) score
relative to baseline (Emslie et al. 2002), or kiddie schedule for
affective disorders and schizophrenia present episode version
(K-SADS-P) depression and anhedonia scores <2 at the end of the
study (Chambers et al. 1985).

Inclusion and exclusion criteria

The inclusion criteria for trials were as follows: (1) double-blind
randomized placebo-controlled trials in which antidepressant
monotherapy was used as the acute-phase treatment; (2) partici-
pants were children or adolescents (age <18 years of age) who meet
the DSM diagnostic criteria for MDD; and (3) studies reporting the
response rate at the end of the trial.

To reduce the heterogeneity and variability in the characteristics
of the participants and the study design, the exclusion criteria were
as follows: participants with comorbid nonaffective psychiatric
disorders or treatment-resistant depression; studies with a sample
size of <10.

Data extraction and risk of bias assessment

A Microsoft Excel 2010 database was established to categorize
the relevant information of the included studies, and included the
following categories: study design (grouping, sample size, number
of study sites, and treatment duration), characteristics of partici-
pants (mean age, gender ratio, region, and disease severity), and the
clinical outcome (response rate of each treatment group at end-
point). Data from intention-to-treat were entered when available.

Two investigators (Y.F.L. and J.H.H.) independently extracted
the relevant information and assessed the risk of bias by the
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Cochrane risk of bias tool (The Cochrane Collaboration 2017). Any
disagreement was resolved through discussion with a third in-
vestigator (L.J.L.). In total, seven items, including randomization
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias, were used to
evaluate bias in each trial. We defined other bias as trials in which
baseline characteristics were not similar in different intervention
groups. Each quality item was graded as low risk, high risk, or
unclear risk.

The included studies were graded as high quality, moderate
quality, or low quality based on the following criteria: (1) studies
were considered high quality when both randomization and allo-
cation concealment were assessed as a low risk of bias, and all other
items were assessed as low or unclear risk of bias in a trial; (2)
studies were considered low quality if either randomization or al-
location concealment was assessed as a high risk of bias, regardless
of the risk of other items; and (3) studies were considered moderate
quality if they did not meet criteria for high or low risk.

Data synthesis and analysis

The meta-analyses were performed using Stata software version
13.1 (2013, StataCorp LP, College Station, TX). Response rate
differences (RDs) between the drug group and placebo group were
obtained by the “‘metan” command in Stata. Random effects
models were used to estimate the effect size by the ‘“‘random”
command in Stata (Cornell et al. 2014). The statistical heteroge-
neity across studies was assessed using the I statistic, where an I?
250% suggests that there was significant heterogeneity among the
studies (Annane et al. 2004). We evaluated the potential publication
bias using funnel plots and Egger’s tests (Stuck et al. 1998; Biljana
et al. 1999).

The focus of our analysis was to verify whether the clinical
outcome of treating children and adolescents with antidepressants
was significantly affected by the placebo response rate. Therefore,
subgroup analysis was undertaken according to the placebo re-
sponse rate classification. However, there are no uniform classifi-
cation thresholds for placebo response rate. According to a previous
study (Walkup 2017) and the distribution of placebo response rates
in the included studies, the classification thresholds for the low,
medium, and high placebo response rate were set at <40%, 40%—
50%, and =250%, respectively.

Meta-regression was performed to test the factors associated
with placebo response rate using the random-effects model
(Thompson and Higgins 2002). The weight for each trial was equal
to the inverse of the sum of the within trial variance and the residual
between trial variance. Univariate meta-regression analysis was
first performed, and multivariate meta-regression was conducted if
more than one factor was significant in the univariate model. The
Stata command metareg, knapphartung, and reml were to be used.

We tested the following variables: (1) trial characteristics: sample
size per study, sample size of the placebo group, mean sample size
per study site, number of arms, dosing regimen (fixed dose or flexible
dose), study design (placebo lead in or not), treatment duration,
number of study visits, number of study sites, country (single country
or mixed countries), publication year, and funding source (industry-
sponsored or not); (2) participant characteristics: average age, gen-
der, inpatient or outpatient, and severity at baseline as measured
by CDRS-R scores; and (3) drug type: selective serotonin reuptake
inhibitors (SSRIs) drugs or non-SSRIs drugs. When the disease se-
verity at baseline was only reported by the MADRS or HDRS, these
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scores were converted to equivalent CDRS-R scores according to the
reported methods (Jain et al. 2007; Lovieno et al. 2016).

Sensitivity analysis

Five sensitivity analyses were conducted to evaluate the ro-
bustness of the primary findings. (1) The leave-one-out approach
was used to test the influence of each individual study on the re-
sponse rate. (2) We excluded the studies of fluoxetine and escita-
lopram in the pooled analysis of response rate as these have been
approved to be used by children or adolescents with MDD by the
FDA. (3) We excluded the studies with other scales besides

the CGI-I in the pooled analysis of response rate. (4) We excluded
the studies of non-SSRIs drugs to explore the influence of drug type
on the results. (5) For the significant factors obtained by the uni-
variate meta-regression, the leave-one-out approach was applied to
test the stability of the predictors.

Results
Characteristics of the included studies

Overall, 757 citations were identified by the search, a total of 606
abstracts were examined and 101 potentially eligible full-text

757 records identified by database search

151 duplicates excluded

606 titles and abstracts reviewed

y

505 titles and abstracts excluded
164 did not assess major depressive disorder
151 trials in adults or postnatal women or the
elderly

116 not RCTs or pharmacokinetics study

41 conference summary

27 other publication from the same trail

6 not English

101 full-text articles reviewed

1 study from
pharmaceutical

company website
2 studies from FDA

86 full-text articles excluded
13 reviews or pooled analyses
43 no relevant intervention or no placebo arm
13 follow-up time less than 4 weeks or more
than 12 weeks
11 included treatment-resistant patients
1 included non-depressed patients
1 sample size fewer than ten patients
4 unable to extract any data

18 publications (corresponding to 18 RCTs and 22 pairs
of comparisons with placebo) included in the
meta-analysis

1 comparing Sertraline with placebo

1 comparing Venlafaxine with placebo
1 comparing Mirtazapine with placebo
2 comparing Citalopram with placebo
2 comparing Escitalopram with placebo
2 comparing Nefazodone with placebo
3 comparing Duloxetine with placebo

4 comparing Paroxetine with placebo

6 comparing Fluoxetine with placebo

FIG. 1. PRISMA diagram of the literature search.
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articles were retrieved. Three additional studies were selected from
the FDA reports and pharmaceutical company websites (Fig. 1).
Finally, 18 studies (Supplementary Appendix p6—7) consisting of
40 groups were included for analysis, of which 22 groups were
given antidepressants (N=2500) and 18 groups received a pla-
cebo (N=1865) (Emslie et al. 1997, 2002, 2006, 2007, 2009,
2014; Keller et al. 2001; Organon Pharmaceuricals USA, Inc. 2001;
Wagner et al. 2003, 2004, 2006; March et al. 2004; Berard et al.
2006; von Knorring et al. 2006; ClinicalTrials.gov Identifier 2008;
Findling et al. 2009; Atkinson et al. 2014; US FDA 2016). The
antidepressants included fluoxetine, paroxetine, duloxetine, nefa-
zodone, escitalopram, citalopram, venlafaxine, mirtazapine, and
sertraline. The study sample sizes ranged from 34 to 463. The mean
age ranged from 12 to 16.5 years and the percentages of female
participants ranged from 15% to 67%. The median treatment du-
ration was 8 weeks, and the number of study sites ranged from 1 to
65 (Table 1).

In the 18 included studies, 7 studies found a high placebo re-
sponse rate (250%), 7 studies found a moderate placebo response
rate (40%—-50%), and 4 studies found a low placebo response rate
(<40%). Moreover, the four studies that found a low placebo re-
sponse rate were all studies where the active drug was fluoxetine.

According to the criteria of literature quality, 15 studies were
rated as high quality, and the remaining 3 studies were graded as
moderate quality. Overall, the quality of the involved studies was
relatively high (Supplementary Appendix p8-9).

Response rate

As shown in Figure 2, the overall response RD between anti-
depressants and placebo was 10% (95% CI 6-15). Subgroup meta-
analysis showed that the response RDs between antidepressants and
placebo were 8% (95% CI 1-14), 10% (95% CI 2-17), and 21%
(95% C19-32) in the high, moderate, and low placebo response rate
subgroups, respectively.

Sensitivity analysis showed that, after excluding the studies with
non-CGI-I scales (Supplementary Appendix pll), the response
RDs between antidepressants and placebo were 11% (95% CI
2-19), 10% (95% CI 2-17), and 21% (95% CI 9-32) in the high,
moderate, and low placebo response rate subgroups, respectively.
After excluding the studies of non-SSRIs drugs (Supplementary
Appendix pl2), the response RDs between antidepressants and
placebo were 7% (95% CI 2-11), 8% (95% CI 0-15), and 21%
(95% CI 13-29) in the high, moderate, and low placebo response
rate subgroups, respectively. These results were essentially con-
sistent with the original results. When conducting leave-one-out
meta-analysis (Supplementary Appendix pl2), the response RDs
between antidepressants and placebo were ranged from 7% to 9%,
from 8% to 11%, and from 18% to 24% in the high, moderate, and
low placebo response rate subgroups, respectively. These results
suggested that the original results were robust and less influenced
by the individual studies.

As the four low placebo response rates studies were all studies of
fluoxetine, after exclusion of the groups who were given fluoxetine
and escitalopram, the subgroup of low placebo response rates was
missing. The subgroup results of the high and medium placebo
response rates were 8% (95% CI—1 to 16) and 10% (95% CI 2-17),
which were still consisted with the original results (Supplementary
Appendix pl0).

A separate meta-analysis was performed for fluoxetine (Sup-
plementary Appendix p17). The results showed that the response
RDs between fluoxetine and placebo in the low and high placebo

TABLE 1. CHARACTERISTICS OF INCLUDED STUDIES

Type of studies

Low placebo responder rate

Middle placebo responder rate

High placebo responder rate

Overall

4 (570)
158 (34-221)
13.7 (12.4-16.5)

47.5 (15.0-54.0)

7 (1520)
206 (56-361)

7 (2262)
316 (244-463)

13.2 (12.3-16)

18 (4365)
252 (34-463)
13.2 (12-16.5)

No. of studies (sample size)

0.001*

Sample size median (min—max)
Age, year, median (min—max)

0.076°
0.054°
0.002°
0.131°
0.380°
0.000°
0.005°

12.3 (12-14.9)

52.0 (46.0-60.1)

52 (51.0-67.0)

10 (8-12)
59.2 (56-64.6)

52.0 (15.0-67.0)

Gender, female%, median (min—max)
Duration median (min-max)

9 (8-12)
56.4 (53.9-61.2)

8 (8-8)
58.3 (56.1-62.6)

8 (8-12)
58.2 (53.9-64.6)

Baseline (CDRS-R) median (min—max)
No. of visits median (min—-max)

6 (2-8)

6 (5-8)

5 (5-7)

6 (2-8)
32 (1-65)

28 (10-50) 1 (1-13)

40 (25-65)

No. of study sites median (min—max)

Country

4 (100%)
0 (0.0%)
2003 (1997-2009)

3 (50.0%)

2 (28.6)

10 (58.8%)

Single

Mixed
Publication year median (min—-max)

3 (50.0%)
2004 (2001-2011)

5(71.4)
2006 (2003-2014)

7 (41.2%)
2006 (1997-2014)

0.032*

LI ET AL.

CDRS-R, Children’s Depressive Rating Scale-Revised.

“One-way ANOVA.

®Kruskal-Wallis test.
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Study % Response, Response,
D ES (95% CI) Weight Treatment Placebo

placebo response rate 250%

Duloxeti ine (Atki 5.D. 2014)
Paroxetine (Berard, R. 2006)

Duloxetine, Fluoxetine (Emsle, G. J. 2014)
Escitalopram (Emslie, G. J. 2009)

Citalopram (Knorring, A. L. 2006)

Sertralin (Wagner, K. D. 2003)

Escitalopram (Wagner, K. D. 2008)

Subtotal (ksquared = 0.0%, p = 0.952)

0.03 (-0.16, 0.21) 591 152234 641103
0.11 (-0.09, 0.30) 5.48 119182 51193
0.06 (-0.10, 0.23) 7.60 2260341 T3n22
0.11 (-0.06, 0.28) 6.98 102158 84MS8
-0.01 (-0.21, 0.18) 5.27 Tan24 73120
0.11 (-0.04, 0.26) 868 117189 95187
0.10 (-0.08, 0.28) 6.04 81131 69/133
0.08 (0.01, 0.14) 4596

placebo response rate 40%~50%
Venlafaxine (Emske, G. J. 2007)
Paroxetine (Emsbe, G. J. 2008)
Paroxetine (Keller, M. B. 2001)
Paroxetine (GlaxoSmithKiine 2013)
Citalopram (Wagner, K. D. 2004)

0.09(-0.06,0.23) 898 102182  86MT9
0.02(-0.17,0.21) 581  49/104 460102
0.17 (-0.05,0.39) 413 61793 4287
0.11(-0.25,0.47) 158 15729 127
0.02(-0.18,0.23) 493 42789 38/85

Nefazodone (BristokMyers Squibb 2002) 0.20 (0.02,0.37) 653 1201190  41/94
Mirtazapine (Organon 2002) 0.08(-0.11,0.26) 584 97170 44789
Subtotal (-squared = 0.0%, p = 0.821) 0.10 (0.02, 0.17) 37.81
placebo response rate <40%
Fluoxetine (Emslie, G. J. 2002) - 0.16 (:0.02,0.34) 642 577109 40110
Fluoxetine (Emsiie, G. J. 1997) ———- 0.23(-0.04,0.50) 279 27148 16/48
Fluoxetine (Findling, R. L. 2009) 4 — 0.13(-0.32,057) 1.02 918 /16
Fluoxetine (March, J. 2004) T —— 0.26 (0.07,0.44) 6.01  66/109 39112
Subtotal (-squared = 0.0%, p = 0.866) 1—&— 0.21(0.09,0.32) 1623
. 1
Overall (-squared = 0.0%, p = 0.935) ¢- 0.10 (0.06, 0.15)  100.00
NOTE: Weights are from random effects analysis H
I |
-.569 0 569

FIG. 2. Forest plot of the RDs of response rates for antidepressants versus placebo. RDs, rate differences.

response rate subgroups were 21% (95% CI 9-32) and 1% (95% C1  Predictors of placebo response rate

13 to 13), respectively. The results of meta-analysis showed that the overall placebo

response rate was 48% (95% CI 44-52) and heterogeneity test
P=66.4% (Supplementary Appendix pl4), suggesting that the
heterogeneity of placebo response rate among studies was large and

The funnel plot showed symmetry, and the publication bias was  the source of heterogeneity needs to be analyzed. The results of
not significant for the response RD, according to Egger’s test univariate meta-regression showed that the number of study sites,
(p>0.05; Supplementary Appendix p14). sample size per study, mean sample size per site, publication year,

Potential publication bias

TABLE 2. META-REGRESSION OF POTENTIAL PREDICTORS ON THE PLACEBO RESPONSE RATE IN THE TRIALS OF ANTIDEPRESSANTS
IN CHILDREN AND ADOLESCENTS

Variable No. of trials Coefficient 95% CI t p>t

Univariate meta-regression
Publication year 18 0.0131 0.0051 to 0.0211 3.46 0.003
No. of study sites 16 0.0031 0.0012 to 0.0051 3.43 0.004
Sample size per study 18 0.0006 0.0002 to 0.0010 3.22 0.005
Mean sample size per site 16 —-0.0023 —0.0044 to —0.0001 -2.31 0.038
Country (single or mixed country) 17 0.1047 0.0290 to 0.1805 2.93 0.010
Funding source (industry-sponsored or not) 18 —0.1598 —0.2798 to —0.0398 —2.82 0.012
Sample size of placebo group 18 0.0009 —0.0001 to 0.0019 1.94 0.070
No. of arms 18 0.0588 —0.0131 to 0.1307 1.73 0.102
Dosing regimen (fixed or flexible dose) 18 0.0496 —0.0687 to 0.1679 0.89 0.387
Study design (placebo lead in or not) 18 —0.0641 —0.1453 to 0.0171 -1.65 0.115
Study duration 18 0.0164 —0.0120 to 0.0448 1.22 0.239
No. of study visits 18 0.0011 —-0.0307 to 0.0329 0.07 0.943
Severity at baseline (CDRS-R) 17 0.0039 —0.0131 to 0.0209 0.48 0.636
Average age 16 0.0124 —0.0206 to 0.0453 0.80 0.438
Percentage of female 15 0.0036 —0.0023 to 0.0094 1.29 0.214
Inpatient or outpatient 13 —0.0415 —0.1730 to 0.0900 -0.70 0.501
Drug type (SSRIs or non-SSRIs) 18 0.0526 —0.0376 to 0.1428 1.22 0.237

Multivariate meta-regression
No. of study sites 16 0.002 0.000 to 0.005 2.53 0.025
Country (single or mixed country) 16 0.054 —0.021 to 0.130 1.55 0.144

CDRS-R, Children’s Depressive Rating Scale-Revised; CI, confidence interval; SSRI, selective serotonin reuptake inhibitor.
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Placebo response rate (%)
g

40
* y=0.003x+0.389 (p=0.004)

0 20 40 60
Number of study sites

FIG. 3. Association between number of study sites and placebo
response rates. The circle size is proportionate to the number of
participants.

country (in single country or mixed countries), and funding source
(industry-sponsored or not) were significantly correlated with the
placebo response rate (Table 2). Sensitivity analyses confirmed that
the number of study sites, sample size, publication year, and
country were robust predictors that were insensitive to the exclu-
sion of any individual study (Supplementary Appendix p15).

As the number of study sites was correlated with the sample size
per study and the publication year (Supplementary Appendix p16),
we only placed the number of study sites into the multivariate meta-
regression, together with country, to avoid collinearity. As shown
in Table 2, only the number of study sites was significantly related
with the placebo response rate (p <0.05).

Discussion

Previous meta-analyses have shown that most antidepressants,
except for fluoxetine, were not superior to placebo for the allevi-
ation of symptoms in children and adolescents with MDD (Bridge
et al. 2007; Kirsch 2014; Cipriani et al. 2016; Jureidini 2016; Le
Noury et al. 2016; Locher et al. 2017). Walkup (2017) put forward
an important point that the conclusions of meta-analysis should be
questioned, as those meta-analyses included improper industry-
sponsored studies. To complete the studies in a very tight time
frame, some inexperienced investigators did not receive adequate
training, which resulted in the recruitment of some participants who
did not meet the inclusion criteria (Walkup 2017). Therefore,
guidelines that were based on those meta-analyses need to be
questioned. However, there is a lack of systematic review to sup-
port this view. This study we systematically compared the char-
acteristics of the clinical outcomes of the new-generation
antidepressants in children and adolescents under different levels of
placebo response rate.

This study showed that the antidepressants have a weak effect
in children and adolescents, as this response rate was just 10%
higher than the placebo. In addition, the efficacy differences be-
tween the antidepressants and the placebo increased as the pla-
cebo response rate decreased. The efficacy difference in the low
placebo response rate subgroup (21%) was about three times that
of the high placebo response rate subgroup (8%). The most recent
network meta-analysis shows that fluoxetine was the only effec-
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tive drug for children and adolescents with MDD (Cheung et al.
2006), and it is also the only antidepressant approved by the FDA
for use in children (US FDA 2007). This study included six flu-
oxetine trials, four had a low placebo response rate, and two had a
high placebo response rate. We performed a separate meta-
analysis for fluoxetine, which showed that even fluoxetine was
ineffective in the high placebo response rate study. It is note-
worthy that, except for fluoxetine, the placebo response rates in
the other antidepressants studies were all >40%, which is perhaps
the reason why most studies came to the conclusion that antide-
pressants were minimally effective or ineffective for children and
adolescents.

Furthermore, we explored the factors impacting the difference in
efficacy between the antidepressants and the placebo. The results
showed that the placebo response rate was indeed the most sig-
nificant factor affecting the difference in efficacy between the an-
tidepressants and the placebo (Supplementary Appendix p19-21).
Therefore, when conducting a meta-analysis to compare the effi-
cacy among the antidepressants in children and adolescents, the
heterogeneity of the placebo response rate among the studies needs
to be examined; otherwise, it would lead to incorrect conclusions.

A study published in the World Psychiatry accessed the FDA
reviews for 16 antidepressants approved between 1987 and 2013
(Khan et al. 2017). The results of this study suggested that the
relationship between the magnitude of placebo response and
the outcome of antidepressant clinical trials is weak, although the
magnitude of placebo response has steadily grown in the past 30
years, the magnitude of antidepressant-placebo differences have
remained equivalent. However, this conclusion is based on adult
patients with MDD. Previous studies showed that children and
adolescents with MDD exhibit higher placebo response rates
compared with adult patients (46% vs. 31%) (Walsh et al. 2002),
and the psychological and physiological characteristics of children
and adolescents are quite different from those of adults (Bylund and
Reed 2007). Therefore, the findings from adult patients may not be
applicable to children and adolescents.

Identification of the impact factors of placebo response could be
useful for clinical research. Low placebo response might decrease
the necessary sample size and increase the power to detect differ-
ences between antidepressants and placebo.

Previous studies suggested that many factors, such as treatment
condition, stage of change, number of comorbid disorders, cog-
nitive distortions, psychological theories, and early-life adversity,
were strongly related to the trajectory of the change in the
symptoms of depression in adolescents (Cohen et al. 2008, 2010;
Scott et al. 2019). Therefore, these factors may be potential pre-
dictors of the placebo response in MDD. In addition, many studies
have reported that the placebo response stems from highly active
processes in the brain that are mediated by the dopaminergic re-
ward mechanisms (de la Fuente-Fernandez et al. 2002; Enck et al.
2008; Colloca et al. 2014). Therefore, it is also possible to explore
the predictors of placebo response from the perspective of elec-
trophysiology or neuroimaging. A recent study has confirmed that
electrophysiology can be used to identify potential placebo re-
sponders among patients with MDD (Trivedi et al. 2018). How-
ever, given the limited information reported in the literature, we
were unable to investigate the correlation between these factors
and placebo response.

In this study, we only found that some trial characteristics, such
as the number of study sites, sample size per study, country, and
publication year, were significantly correlated with the placebo
response rate. Many studies reported that the placebo response
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rates of antidepressants increased year by year (Walsh et al. 2002;
Khan et al. 2017), which was consistent with our findings. In
recent years, it has become more common to conduct clinical
trials using multicenters with large sample sizes, which increases
the difficulty in strictly controlling the quality of studies and
easily leads to high placebo response rates. Therefore, the influ-
ence of publication year on placebo response rates is mainly de-
rived from the number of study sites, the sample size, and so on.

To prevent collinearity, we only introduced the number of study
sites and country in the multivariate meta-regression. When
country and the number of study sites were both placed in the
model, the significant influence of country disappeared, indicating
that country was not an essential predictor for the placebo response
rates. The trials conducted in the mixed countries usually include
multicenter sites. Finally, the number of study sites was the factor
most associated with the placebo response rates. This conclusion is
consistent with the finding by the previous studies (Bridge et al.
2009; Parellada et al. 2012; Meister et al. 2018). However, our
study was based on more extensive data, and further quantified the
impact of the number of study sites on the placebo response rate.
We found that the placebo response rate will increase by 3% (95%
CI 1-5) with every additional 10 study sites (Fig. 3).

It is worth noting that a vicious circle is prevalent in the
clinical trials of antidepressants in children and adolescents. As
the efficacy differences between antidepressants and placebo
were small, a large sample size is needed to get positive con-
clusions (Cohen 2007). A large sample size usually needs a large
number of study sites to be realized. However, with an in-
creasing number of study sites, the screening for participants
may be less stringent and the outcome assessment may be less
consistent owing to the lack of experienced investigators (Bridge
et al. 2009), resulting in the higher placebo response rates and
much smaller efficacy differences. When there is a need for
many study sites, it is necessary to reduce the potential sources
of variability within and between study sites, such as amount of
investigator experience and procedures used to recruit subjects
(Amsterdam and Brunswick 2002).

Several limitations should be considered when interpreting our
results: (1) all included studies were published in English, which
may contribute to publication bias; (2) we did not perform the
subgroup analyses classified by the different antidepressants type
due to the small number of included trials, which may lead to the
results mixed of the variation among the different drugs; (3) as
the four low placebo response rates studies were all from trials
of fluoxetine, we could not obtain information on the efficacy of
other antidepressants under the low placebo response rates; and
(4) as most of the participants in the included studies are ado-
lescents, this study did not distinguish the difference in efficacy
for children and adolescents. It is suggested that more attention
should be paid to the efficacy and safety of antidepressants in the
younger children.

Conclusions

(1) In the clinical trials of antidepressants in children and ado-
lescents with MDD, the clinical outcome was related to the placebo
response rates. With the decrease of placebo response rates, the
efficacy differences between antidepressants and placebo were
obviously increased, which helps to come to positive conclusions.
(2) The number of study sites was the factor most associated with
the placebo response rates, and the placebo response rate increased
by about 3% with every additional 10 study sites.

Clinical Significance

The high placebo response rate may hamper the discovery of
antidepressants in children and adolescents with MDD. How-
ever, there is a lack of systematic evaluation to support this view.
This study systematically compared the characteristics of the
clinical outcomes of antidepressants in children and adolescents
under different levels of placebo response rate. The results
showed that the lower the placebo response rate, the greater the
efficacy difference between antidepressants and placebo, and
placebo response rate can be decreased by reducing the number
of study sites. These findings will help to provide important
information for clinical trials in children and adolescents with
MDD.
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