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Abstract
Background and Objective  Many randomized clinical trials (RCTs) for antidepressants in children and adolescents have 
failed to demonstrate efficacy due to a high placebo response. The aim of this study was to identify the potential factors 
affecting placebo response using meta-regression analysis of RCTs for antidepressants in children and adolescents using the 
Children’s Depressive Rating Scale-Revised (CDRS-R) as the outcome.
Methods  PubMed and ClinicalTrials.gov were searched for randomized, double-blind, placebo-controlled trials of antide-
pressants for the acute treatment of major depressive disorder in children and adolescents. The outcome used in the present 
study was the mean change of the CDRS-R total score from baseline to the last assessment for the primary efficacy in the 
placebo arm. Potential factors related to the placebo response, such as study design, operational, and patient factors, were 
explored using meta-regression.
Results  The analyses included 23 trials. On multivariable meta-regression, setting up a placebo lead-in period was signifi-
cantly associated with a smaller placebo response in the CDRS-R.
Conclusion  Setting up a placebo lead-in period should be considered in future clinical trials of antidepressants in adolescents 
and children.

Key Points 

Randomized clinical trials for antidepressants in children 
and adolescents often show a high placebo response.

Meta-regression analysis showed trials using placebo 
lead-in period were associated with smaller placebo 
responses when comparing the Children’s Depressive 
Rating Scale-Revised score before and after the trial.

Placebo lead-in periods should be included in future tri-
als with the aim to increase the trial’s success.

1  Introduction

Major depressive disorder (MDD) is one of the most com-
mon mental disorders in children and adolescents with an 
estimated lifetime prevalence at the end of adolescence of 
11–12% [1, 2]. When present during childhood or adoles-
cence, MDD impairs academic performance and peer rela-
tionships and increases the risk of recurrent depression in 
adulthood [3]. About half of all adult mental health disorders 
begin during the teenage years [4]. In addition, MDD rep-
resents a significant risk factor for suicidal ideation, suicide 
attempts, and suicides [5]. Therefore, there is a high unmet 
need for safe and efficacious treatment for children and ado-
lescents [6].

In adolescents and children, the most recent clinical 
guidelines recommend psychological intervention as a first-
line treatment for mild depression, and psychological inter-
vention and antidepressant therapy, alone or in combination, 
are recommended for moderate-to-severe depression [7–9]. 
Currently, only two antidepressants have regulatory approval 
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for pediatric patient populations in the USA: fluoxetine 
(8–17 years of age) and escitalopram (12–17 years of age).

To date, many antidepressants approved for adults have 
been developed for MDD in children and adolescents, but 
most clinical trials failed to verify their efficacy. These trials 
could be classified into two types: (1) a negative trial, where 
the treatment did not demonstrate efficacy, and (2) a failed 
trial with methodological problems. The latter is problem-
atic, and methodological improvements are needed.

According to previous reports concerning trials for anti-
depressants in adults with MDD, increased placebo response 
was associated with a failure in demonstrating efficacy [10, 
11]. High placebo response was seen in the trials with more 
treatment arms, fixed dosing strategies, higher completion 
rates, longer treatment periods, more study sites, and fewer 
patients enrolled from academic sites [11–14].

Likewise, pediatric studies evaluating the efficacy of anti-
depressants have generally been faced with the challenge 
of a high degree of placebo response, with several studies 
failing to demonstrate a separation between active treatment 
and placebo [15–21]. Previous reviews and meta-analyses 
showed that active drug response rate ranged from 55% to 
60% in many trials, while the placebo response rate some-
times approached 60% [22]. In children and adolescents 
with MDD, increased placebo response was associated with 
negative outcomes of the clinical trials for antidepressants 
[23]. Given the large placebo effects, it is warranted to aug-
ment our understanding of factors related to the increase or 
decrease of the placebo response.

Several meta-analyses and systematic reviews on placebo 
response in clinical trials of MDDs in pediatric populations 
have been published recently. They reported that the num-
ber of study sites, industry funding, and baseline severity of 
illness were identified as factors related to the high placebo 
response rate in children and adolescents [22–25]. These 
studies set the response rate as the outcome, which includes 
response rates in various rating scales such as clinical global 
impression-improvement (CGI-I), the Children’s Depres-
sive Rating Scale-Revised (CDRS-R), and the Montgom-
ery–Åsberg Depression Rating Scale (MADRS). To date, 
there is no meta-analysis based on the outcome of a single 
efficacy variable such as the CDRS-R score.

The CDRS-R is a validated, semistructured, 17-item, 
clinician-rated instrument designed to measure the sever-
ity of symptoms commonly associated with depression in 
children and adolescents. Most randomized clinical trials 
(RCTs) recently conducted in children and adolescents use 
CDRS-R as a primary endpoint, and the difference in the 
change from baseline in the CDRS-R score between the test 
drug group and the placebo group is the main outcome of 
the trial.

Given the above, we believe that identifying the potential 
factors related to the increased placebo response in CDRS-R 

will improve the success rate of placebo-controlled RCTs 
for antidepressants in children and adolescents. In this 
study, we aimed to identify the factors influencing the pla-
cebo response in CDRS-R in placebo-controlled RCTs for 
antidepressants in children and adolescents through meta-
regression analysis.

2 � Methods

2.1 � Search Strategy

The systematic review was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) standard. PubMed was searched 
using keywords “major depressive disorder or depression” 
and “adolescents or children or pediatric or youth” and 
generic names of antidepressants for randomized, double-
blind, controlled clinical trials. The retrieval deadline was 20 
March 2023. We additionally searched the references of the 
extracted articles and ClinicalTrials.gov. The detailed search 
strategies are described in the Supplementary Appendix.

2.2 � Inclusion and Exclusion Criteria

We included the following trials: (1) randomized, double-
blind, placebo-controlled trials in which an antidepressant, 
which had been approved for adults, was used in mono-
therapy as the acute-phase treatment, (2) trials for which 
participants were children or adolescents (< 18 years of age) 
who met the Diagnostic and Statistical Manual of Mental 
Disorders (DSM) diagnostic criteria for MDD, and (3) tri-
als reporting the values of mean change of the CDRS-R 
score from baseline to the last assessment for the primary 
efficacy in the placebo arm. We excluded trials with combi-
nation treatment, treatment-resistant depression, prevention 
of relapse of MDD, and trials with non-oral administration.

2.3 � Outcome Measures and Data Extraction

The outcome in the present study was the mean change of 
CDRS-R total score from baseline to the last assessment for 
the primary efficacy in the placebo arm. We extracted data 
or values from the selected articles and also referred to the 
review report for new drug approval by the Pharmaceuti-
cals and Medical Devices Agency and ClinicalTrials.gov 
when data or values were not available in the article. Three 
trials did not include the information on standard errors of 
the mean change of the CDRS-R total score, and they were 
imputed using the leaving-one-out method [26]. In addition, 
we selected potential factors related to the placebo response 
including those reported to have influenced placebo response 
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rates in children and adolescents and categorized them into 
the following groups:

Study design factors: Dosing regimen, placebo lead-in, 
treatment duration, percentage receiving active treatments, 
number of arms, drug type, and inclusion age. The dosing 
regimen was categorized as trials either with a fixed dose 
throughout the treatment period or with a flexible dose. Pla-
cebo lead-in was categorized as trials with or without a sin-
gle-blind placebo lead-in period. Drug type was categorized 
as trials for selective serotonin reuptake inhibitors (SSRIs) 
drugs or non-SSRIs drugs. Inclusion age was categorized 
as trials with children and adolescents or adolescents only.

Operational factors: Number of study sites, number of 
countries, funding source. The funding source was catego-
rized as industry-sponsored trials or not.

Patient factors: Baseline CDRS-R average score.
The quality of the included trials was assessed using the 

Jadad score [27]. Two authors (R. O. and M. N.) indepen-
dently assessed the selected studies and extracted data. Any 
disagreements were resolved by discussion between the 
two authors. The Jadad score of the included trials was 4 
or higher.

2.4 � Data Analysis

Univariable meta-regression analyses for the potential fac-
tors related to placebo response in CDRS-R were performed 
using a random-effects model. A significant association was 

defined as p < 0.2 in the univariable analysis. Of the factors 
identified by the univariable analysis, factors with strong 
correlations with other factors by Pearson correlation coef-
ficient or factors with a large imbalance in the number of 
data within a category were excluded. Then multivariable 
meta-regression analysis was performed. A significant asso-
ciation was defined as p < 0.05 in the multivariable analysis. 
All the analyses were conducted using SAS version 9.4 (SAS 
Institute, Inc., Cary, NC, USA).

3 � Results

3.1 � Studies Included in the Analysis

In total, 1298 abstracts were identified through the database 
search, ClinicalTrials.gov, and the references from other 
meta-analysis, and 34 potentially eligible full-text articles 
were retrieved from them. Finally, 23 trials were included 
in our meta-regression analysis (Fig. 1). The characteristics 
of the 23 identified placebo-controlled RCTs are presented 
in Table 1.

3.2 � Univariable Meta‑regression Analysis

The results of univariable meta-regression showed that 
placebo lead-in period, drug type (SSRIs or non-SSRIs), 
and funding source (industry-sponsored or not) were 

Records identified from 
database and registers

Total (n = 1298)
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Records screened 
(n = 1289)

Full-text reports assessed for eligibility 
(n = 34)

Trials included in meta-analysis 
(n = 23)

Records excluded (n = 1255)  
• Not placebo-controlled RCTs (n = 738) 
• Trials for adults (n = 251)
• Not trials for MDD (n = 247) 
• Trials for treatment-resistant depression (n = 11)
• Trials for combination medication or preventing relapse (n = 5)
• Not oral administration (n = 3)

Records excluded (n= 13)  
• Trials not using CDRS-R  (n = 10) 
• Not trials for acute-phase treatment (n = 1)
• No reported value of mean change of CDRS-R (n = 1)
• Other publication of the same trial (n = 1)

Duplicate records removed (n = 9)  

Two articles included two trials

Fig. 1   Article review and selection of studies. CDRS-R Children’s Depressive Rating Scale-Revised, MDD major depressive disorder
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significantly correlated with the mean change of CDRS-R 
score (Table 2).

3.3 � Multivariable Meta‑regression Analysis

Of the three factors identified in the univariable meta-regres-
sion, we excluded one factor based on the predetermined 
criteria: funding source, for a large imbalance in the number 
of data and a strong correlation with placebo lead-in period. 
Multivariable meta-regression analysis was performed using 
two factors (placebo lead-in period and drug type) as the 
explanatory variables. The results of multivariable meta-
regression showed that a placebo lead-in period was signifi-
cantly correlated with the mean change of CDRS-R score 
(Table 2).

The univariable meta-regression analysis did not show a 
significant association of the baseline CDRS-R score with 
the mean change of CDRS-R score. However, as it has been 
reported that the greater the baseline symptom severity, the 
greater the magnitude of the difference between placebo 
and active medication for depression [43–45], multivariable 
meta-regression analysis was performed adding the base-
line CDRS-R average score to the above two variables as 
a sensitivity analysis. The results of the sensitivity analysis 
also suggested that placebo lead-in period was significantly 
correlated with the mean change of CDRS-R score.

4 � Discussion

Clinician-rated outcome measures are the current standard 
for assessing efficacy in clinical trials of antidepressants. For 
children and adolescents, only CDRS-R is the recommended 
rating scale as a primary endpoint [46, 47] and almost all 
studies set CDRS-R as the primary endpoint. Thus, changes 
in the CDRS-R from baseline to the last assessment for the 
primary efficacy in the placebo arm directly reflect the out-
comes of clinical trials for antidepressants in children and 
adolescents. However, there is a lack of systematic review 
from this point of view. To our knowledge, this study is the 
first to identify the factors associated with placebo response 
based on CDRS-R scores.

We found that setting up a placebo lead-in period was 
significantly correlated with a smaller placebo response in 
CDRS-R on multivariable meta-regression. In typical RCTs 
using a placebo lead-in period, all subjects are given a pla-
cebo prior to randomization. Then, those who demonstrated 
large improvement within this period are excluded, and the 
remaining subjects are randomized to the treatment or pla-
cebo arm. Setting up a placebo lead-in period is expected to 
attenuate the placebo response.

In adults, single-blind placebo lead-in periods are com-
mon in RCTs of antidepressants. However, using this design Ta
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has been criticized as being no more effective than no pla-
cebo lead-in at all in adult studies. In the recent system-
atic review and meta-analysis, RCTs with a single-blind 
placebo lead-in period reported a smaller placebo response 
than those without. On the other hand, the drug response 
was also smaller in RCTs that used a single-blind placebo 
lead-in period than in those that did not, suggesting that 
the RCTs using this method do not increase trial sensitivity. 
They noted that single-blind placebo lead-in design yielded 
less robust symptomatic changes regardless of treatment 
assignment owing to the mitigation of additive placebo and 
nonspecific effects [48]. In contrast, double-blind placebo 
lead-in design can identify early response and reduce the 
ultimate placebo response at the study endpoint.

The success of blinding during a single-blind placebo 
lead-in period and whether participants are truly masked 
is not known. It is known that site-based clinicians are not 
blinded to the enrollment criteria in single-blind placebo 
lead-in design and therefore are not unbiased assessors. In 
contrast, in a double-blind placebo lead-in period, neither 
the potential study participants nor the site clinicians know 
about the existence of the placebo lead-in period. However, 
to date, few studies have used a double-blind placebo lead-in 
period in adults.

In children and adolescents, three RCTs with positive out-
comes for the currently approved antidepressants, escitalo-
pram and fluoxetine, all used a single-blind placebo lead-in 

period. Also, a study of vortioxetine using a single-blind pla-
cebo lead-in period in adolescents showed that the fluoxetine 
group, an active reference, was significantly different from 
placebo. A previous study showed that children and adoles-
cents with MDD exhibited higher placebo response rates 
compared with adult patients (46% versus 31%) [49], and it 
was also pointed out that psychological and physiological 
characteristics of children and adolescents were quite differ-
ent from those of adults, e.g., difference in the signal trans-
duction pathway (pharmacodynamics) and pharmacokinetics 
including the half-life of the drug [50]. Therefore, the find-
ings from adults might not be applicable to children and ado-
lescents. In the trials of children and adolescents analyzed in 
our study, 9 of 23 trials used placebo lead-in periods, among 
which 8 trials used single-blind placebo lead-in periods (for 
the remaining one trial, information on the blinding method 
was unavailable). The double-blind placebo lead-in period 
may be taken into account when designing future pediatric 
trials, as it is expected to reduce bias as in adult trials.

In the present study, we evaluated the response in the 
placebo-arm alone and did not investigate the relationship 
between drug response and the use of a placebo lead-in 
period. Further research is needed to clarify the effect of 
the placebo lead-in period on the degree of drug response.

In addition, previous studies have reported that the 
number of study sites was significantly correlated with 
the placebo response rate, which was not consistent with 

Table 2   Meta-regression of potential factors affecting placebo response in the trials of antidepressants in children and adolescents

CDRS-R Children’s Depressive Rating Scale-Revised, SSRI selective serotonin reuptake inhibitors, No. number, SE standard errors

Variable No. of trials Estimate SE p value

Univariable meta-regression
 Study design factors
  Dosing regimen (fixed or flexible dose) 23 − 0.988 1.442 0.493
  Placebo lead-in period 23 5.026 0.992 < 0.001
  Treatment duration 23 − 0.319 0.614 0.603
  Percentage of receiving active treatments 23 − 0.069 0.066 0.296
  Number of arms 23 − 0.644 0.889 0.469
  Drug type (SSRIs of non-SSRIs) 23 2.273 1.39 0.102
  Inclusion age (children and adolescents or adolescents 

only)
23 − 1.068 1.754 0.543

 Operational factors
  Number of study sites 23 − 0.025 0.026 0.325
  Number of countries 23 0.031 0.139 0.824
  Funding source (industry-sponsored or not) 23 − 5.354 2.391 0.025

 Patient factors
  Baseline CDRS-R average score 20 − 0.302 0.255 0.237

Multivariable meta-regression
 Study design factors
  Placebo lead-in period 23 4.750 0.995 < 0.001
  Drug type (SSRIs of non-SSRIs) 23 1.125 0.992 0.257
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our findings. It was considered that the main cause was 
the difference in study outcomes (placebo response rate or 
change of CDRS-R scores). Industry-funded trials were also 
reported to be a factor related to the placebo response rate. 
In our study, industry-funded trials were significantly cor-
related with a larger placebo response in CDRS-R on uni-
variable meta-regression. However, since there were only 2 
non-industry funded trials in the included 23 trials, we did 
not include this factor in the multivariable meta-regression. 
It was reported that baseline severity of Hamilton Rating 
Scale of Depression was associated with effect size [43–45], 
and we conducted a sensitivity analysis adding the baseline 
CDRS-R as an explanatory variable. Baseline severity of 
CDRS-R was not a significant factor for smaller placebo 
response, which was consistent with the previous study [25].

Factors such as rater training and rating experiences, 
which seems to be related to the quality of CDRS-R assess-
ments, might be related to the increased placebo response. 
In industry-funded trials, to recruit a large number of partici-
pants within a very short time frame, investigators who are 
inexperienced or who do not have expertise may participate 
in the trial. Little additional training in rating is provided for 
such investigators [51]. We did not investigate this aspect 
since rater training and requirements for investigators were 
not always reported.

Several limitations should be considered when interpret-
ing our results. First, all included clinical trials were pub-
lished in English, which may contribute to publication bias. 
Second, our study data were limited to trials for which the 
mean change from baseline to the last assessment for the 
primary efficacy in the CDRS-R total score was available.

5 � Conclusion

Placebo lead-in period was significantly associated with a 
smaller placebo response in the CDRS-R. In future clinical 
trials of antidepressants in adolescents and children, setting 
up a placebo lead-in period should be considered with the 
aim to increase the trial’s success.
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