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Abstract
The effectiveness of interventions for internalizing disorders in children and adolescents was studied using a review and meta-
analysis of published single-case research. Databases and other resources were searched for quantitative single-case studies 
in youth with anxiety, depressive, and posttraumatic stress disorders. Raw data from individual cases were aggregated and 
analyzed by means of multilevel meta-analytic models. Outcome variables were symptom severity assessed across baseline 
and treatment phases of the studies, and diagnostic status at post- and follow-up treatment. Single-case studies were rated for 
quality. We identified 71 studies including 321 cases (Mage = 10.66 years; 55% female). The mean quality of the studies was 
rated as below average, although there were considerable differences between the studies. Overall, positive within-person 
changes during the treatment phase in comparison to the baseline phase were found. In addition, positive changes in the 
diagnostic status were observed at post- and follow-up treatment. Yet high variability in treatment effects was found between 
cases and studies. This meta-analysis harvests the knowledge from published single-case research in youth-internalizing 
disorders and illustrates how within-person information from single-case studies can be summarized to explore the gener-
alizability of the results from this type of research. The results emphasize the importance of keeping account of individual 
variability in providing and investigating youth interventions.
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Introduction

Internalizing disorders such as anxiety, depressive, and 
posttraumatic stress disorders (ADs, DD and PTSD), are 
among the most common mental health problems in chil-
dren and adolescents (Merikangas et al., 2010), and their 
co-occurrence is high (McElroy & Patalay, 2019). Numer-
ous empirically established interventions are available for 
treating these disorders (e.g., Crowe & McKay, 2017; Oud 
et al., 2019; Weems & Neill, 2020; Weisz et al., 2017). Evi-
dence base underlying these treatments was built upon Rand-
omized Controlled Trials (RCTs) in which average symptom 
scores of one group of participants are compared to those 
of a group of participants in a different condition. How-
ever, treatment effects that evolve within persons might not 
always be captured by between-person comparisons (e.g., 
Maric et al., 2012; Schuurman, 2023). There is nowadays a 
shared understanding that, next to RCTs, we need more idi-
ographic types of research methods that can capture changes 
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in individual risk factors, symptoms, and treatment goals 
while at the same time maintaining methodological rigor.

Quantitative single-case research is increasingly rec-
ognized as a valuable way to test within-person treatment 
effects in youth populations, both as an add-on for RCTs 
and as a stand-alone method (Kazdin, 2019; Maric, et al., 
2012). International guidelines consider evidence gained 
from this type of research as one of the most rigorous forms 
of evidentiary support for therapies (Onghena et al., 2019). 
Further, single-case research can be a first step in testing 
innovative interventions prior to investigations in costly and 
time-intensive RCTs (Gaynor & Harris, 2008; Maric et al., 
2012). In youth with internalizing disorders and specific 
comorbidities, single-case research can be implemented 
as a stand-alone method when collecting large data would 
be unfeasible within the time limits of the research project. 
Finally, using single-case methods existing treatment proto-
cols for youth-internalizing disorders can be implemented in 
real-world clinical practice and the formats and conditions 
under which they are effective can be tested.

While it is tremendously important to study within-person 
effects to evaluate treatments, the reach and impact of these 
studies remain limited. This is partly due to the observation 
that single-case studies in youth interventions for anxiety, 
depression, and trauma often include a small number of 
cases. Even if the research questions are considered valuable 
for the field and an appropriate single-case design is used, 
questions about the strength of this evidence and the scope 
of implications of the results remain. Harvesting knowledge 
from these individual single-case studies is a next impor-
tant step in order to broaden our knowledge about effects 
of youth interventions. While this rising number of single-
case studies provides valuable information on within-person 
treatment effects, it is unlikely that they will strongly impact 
the knowledge on youth treatments unless their results are 
integrated. A meta-analysis of single-case research data per-
mits researchers to synthesize the results of published stud-
ies quantitively to further help determining an evidence-base 
for therapies for internalizing disorders in children and ado-
lescents (Dowdy et al., 2021; Onghena, Michiels, Jamshidi, 
Moeyaert, & Van den Noortgate, 2018; Van den Noortgate 
& Onghena, 2003). While in RCTs, between-person effects 
are examined, and meta-analyses of RCTs concern infor-
mation on the sample level, meta-analyses of single-case 
research involve during-treatment within-person changes 
and data, and treatment effects on the case level are inves-
tigated. Few single-case research meta-analyses exist so 
far. Exceptions are for instance Richman et al. (2015), who 
investigated effects of treatment on non-social behavior in 
individuals, and Heyvaert et al. (2012), who evaluated inter-
vention effectiveness for reducing challenging behavior in 
individuals with intellectual disabilities. To our knowledge, 

no meta-analysis of published single-case research exist in 
the area of youth psychopathology.

A strength of single-case research is that it can assess 
the effect for specific cases, for specific treatments, in spe-
cific contexts. Despite this ideosyncraticity, we expect that 
there is some communality, e.g., if a certain effect was found 
effective for some cases, it may be expected effective for 
other cases as well. A meta-analysis allows us to investigate 
whether there is an overall effect of the intervention, across 
all cases and studies. Second, it allows to quantify to what 
extent the effect varies between studies and cases, i.e., to 
what extent the effects found can be generalized and how 
much heterogeneity in treatment effects is present. Third, 
if there is heterogeneity in treatment effects, it allows to 
explore whether we can explain this variation by exploring 
the moderating effects of case and study characteristics. In 
single-case meta-analysis, treatment effects are estimated for 
each individual, offering opportunities to study moderating 
effects of case characteristics, in contrast to group compari-
sons in (meta-analyses of) RCTs. As, to our knowledge, no 
meta-analysis on this topic has been conducted, the overall 
within-person treatments effects, its heterogeneity, and mod-
erators that could potentially explain the heterogeneity are 
unknown for treatments of internalizing disorders in youth.

This meta-analysis was driven by the fact that evidence of 
treatments for youth-internalizing disorders is mainly based 
on information on between-person effects from RCTs and 
the urge for information on within-person treatment effects 
and methods to study these. Further, while single-case stud-
ies are an acknowledged phenomenon in youth-internaliz-
ing intervention research, it is high time to start harvesting 
results of quantitative single-case research by systematically 
and quantitavely integrating its findings. Recent methodo-
logical developments, and collaborations between clinical 
researchers and methodologists make this endeavor possible. 
The aim of this meta-analysis is to provide a broad overview 
of the field and assess the overall within-person treatment 
effects, its heterogeneity and moderators that could explain 
this heterogeneity. As the single-case literature on internal-
izing disorders has not even been systematically reviewed 
yet, this study is exploratory in nature.

Methods

The planned analyses were pre-registered on OSF: https:// 
osf. io/ zjswg/? view_ only= 2b14c 0d282 e94a8 49f9d 741a5 
cf759 a1. Due to the unkown number and nature of poten-
tially included studies, the analysis plan was pre-registered 
after the search and during data extraction. The meta-anal-
ysis was conducted according to the PRISMA guidelines 
(Page et al., 2021).

https://osf.io/zjswg/?view_only=2b14c0d282e94a849f9d741a5cf759a1
https://osf.io/zjswg/?view_only=2b14c0d282e94a849f9d741a5cf759a1
https://osf.io/zjswg/?view_only=2b14c0d282e94a849f9d741a5cf759a1
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Literature Search

We searched for quantitative single-case studies in three 
databases: PsycInfo, Medline, and Web of Science, without 
a lower limit for the date. The title, abstract, keywords, and 
subject headings were searched on January 6th 2020 with 
search terms from three categories: #1 Single-Case Experi-
mental Studies, #2 Children and Adolescents, and #3 Inter-
nalizing and Externalizing Problems. During the screening 
process, the inclusion criteria were refined to only include 
internalizing disorders (not externalizing disorders), as a 
sufficient number of studies could be found on internaliz-
ing disorders in order to do a meta-analysis. This focus also 
made that we could limit the heterogenity between the stud-
ies to some extent. To include all current studies, a search 
was done in PsycInfo, Medline, and Web of Science with 
refined search criteria only including internalizing disorders 
in May 2021 for the period January 2020 to May 2021 and in 
February 2023 for the period May 2021 to February 2023. 
A full list of the original and refined search terms can be 
found in Supp1. In addition, Google scholar was checked 
for articles that were potentially missed and the references 
of all included studies were screened for possibly relevant 
studies. PsycArxiv and OSF were searched for gray literature 
in January 2021 and in February 2023.

Study Selection

For the current meta-analysis, inclusion criteria were as 
follows: a quantitative Single-Case (Experimental) Design 
[SC(E)D] was used; participants were children (4 through 
17 years old) who at the start of the study met DSM criteria 
for anxiety, depression or posttraumatic stress disorder; who 
received treatment aimed at reduction of internalizing symp-
toms; and results on symptom severity or diagnostic status 
were reported at least at one assessment point before and one 
assessment point after the treatment. We included studies 
involving both experimental, quasi-experimental, and non-
experimental single-case designs as we wanted to safeguard 
power of these analyses and provide a complete overview of 
SC(E)D research on internalizing disorders in youth. Cases 
with an intellectual disability or an IQ below 70 and cases 
with a medical condition were excluded.

The abstracts and the full texts of the studies were 
screened with the inclusion criteria by two independent 
raters. 20% of all abstracts and all full texts were double 
screened. Disagreement was resolved during discussion, 
through thorough checking of the inclusion criteria.

Outcome Variables and Moderators

The repeatedly assessed symptom severity across phases 
as depicted in individual graph data was the main outcome 

variable in this study. In most studies, only one main out-
come variable was present. In studies where several vari-
ables were presented as outcome variables in graph data, 
one outcome variable was selected for the purpose of this 
meta-analysis, using the following criteria: (a) variable was 
related to the primary diagnosis (e.g., anxiety symptoms 
were chosen above comorbid ADHD symptoms); and (b) 
the same variables were assessed across different studies 
(e.g., spontaneous speech was assessed in selective mut-
ism studies). In most studies, main outcome variable was 
self-reported by the child [45% in anxiety disorders (AD), 
65% in major depressive disorder (MDD), 75% in posttrau-
matic stress disorder (PTSD) studies]. Parent-reported child 
symptoms were present in 42% of AD studies, 15% of MDD 
studies, and 12% of PTSD studies. The remainder of the out-
come variables was rated by teachers or independent raters. 
Overall, behavioral outcome variables were parent and other 
reported (e.g., speech in class, separation from parents). An 
overview of variables indicating symptom severity included 
in the analyses can be found in Supp3.

Primary diagnosis (AD, MDD, or PTSD), according to 
DSM III, IV, or 5, of the cases, on pre-, post-, and follow-up 
treatment was included as a categorical outcome variable 
(yes/no).

Five potential moderators identified as important in previ-
ous studies on youth interventions (Maric et al., 2015) were 
tested: age, disorder category (AD, MDD, PTSD), target 
group (children, parents, parents and children), sample type 
(referred, recruited, referred and recruited, other), and treat-
ment dosage (operationalized as number of sessions).

Data Extraction

Extraction of study characteristics, demographic, diagno-
sis, and treatment information was done independently by 
two raters. Graph data were extracted with DigitizeIt soft-
ware 2.5 (DigitizeIt, 2021; Rakap et al., 2016). Extraction 
of graph data was done by two independent raters, and 30% 
percent of the studies were cross checked. Finally, post- and 
follow-up diagnosis data were extracted. Prior to analyses, 
extracted data, and case characteristics were cross checked.

Quality Rating of the Studies

Studies were rated into non-experimental, quasi-experimen-
tal, and experimental single-case designs by MM (Tate et al., 
2016; Supp3). Quality was assessed using 15-item Risk of 
Bias in N-of-1 Trials (RoBiNT) scale (Tate et al., 2013). It 
contains internal validity (IV; 7 items; e.g., ‘design’) and 
external validity and interpretation (EVI; 8 items; e.g., ‘ther-
apeutic setting’). Items are rated on a 3-point scale (score 
range 0–2) with a maximum total score 30, and for the sub-
scales 14 (IV) and 16 (EVI). Interrater reliability of RoBiNt 
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scale between experienced raters ranges from 0.87 to 0.90, 
and from 0.93 to 0.95 between experienced and novice raters 
(Tate et al., 2013). YS and LB rated independently 30% of 
the studies resulting in interrater reliability (ICC) of 0.78, 
0.78, and 0.72 for the total score, and IV and EVI subscale 
scores, respectively. Differences were resolved through dis-
cussions. Both YS and LB each rated half of the remaining 
70% of the studies.

Statistical Analyses

Instead of calculating summary effect sizes for each study, 
and combining these as in regular meta-analyses, we com-
bined the raw data from all cases (Van den Noortgate & 
Onghena, 2008). For both the repeated assessments of symp-
tom severity and post-/follow-up treatment diagnosis, the 
data were analyzed using multilevel regression models. All 
analyses were done in R 4.1.2 using the package lme4 (Bates 
et al., 2015). Data and code can be found in Supp4/Supp5.

Analysis of symptom severity Several variables had to be 
(re)coded for the analysis of the repeated assessments of 
symptom severity. First, the phase variable was coded into 
baseline and treatment phase. For studies which included a 
baseline and two different treatment phases referring to the 
same therapies with, e.g., different intensity (e.g., Carlson, 
1999) or different techniques from CBT (e.g., Nakamura, 
2008), the two treatment phases were taken together. Due to 
a lack of available data across studies, it was decided to not 
include data from follow-up phases in this analysis.

Second, the time variable was coded such that it started 
at 0 at the beginning of the treatment (negative values were 
assigned to baseline phase) and increased with 1 for each 
additional week. Third, the scores indicating the symptom 
severity were reverse coded for some studies so that a score 
decrease implies improvement for each study. Finally, to be 
able to combine and compare scores between studies and 
cases, symptom severity scores were standardized as pro-
posed by Van den Noortgate and Onghena (2008). This was 
done by estimating a two-level model for each study with 
phase (baseline phase, treatment phase), time, and their 
interactions as predictors, symptom severity as the outcome, 
and random effects for all predictors across cases. Subse-
quently, the original scores from each study were divided by 
the residual standard deviation of the model for this study. 
For studies with only one case, a linear regression model 
was estimated, and scores were divided by the estimated 
residual standard deviation. Finally, age was centered to ease 
interpretation for the moderator analysis.

To meta-analyze the (standardized) data from all cases, a 
three-level linear regression model with symptom severity 
as the dependent variable and phase (baseline phase, treat-
ment phase), time, and their interaction as predictors was 
estimated. Here, the intercept and the effect of the time can 

be interpreted as the expected level at the end of the baseline 
phase, and the time trend in the baseline phase, whereas the 
effects of the phase and the interaction term can be inter-
preted as the immediate treatment effect at the start of the 
intervention, and the effect the treatment has on time trend 
(Van den Noortgate & Onghena, 2008). All four coefficients 
were allowed to vary randomly between cases and between 
studies. Furthermore, one model for each moderator (age, 
disorder type, target group, sample type, and treatment dos-
age) was estimated in which the moderator variable as well 
as its interaction with phase, with time, and with the inter-
action between phase and time were included as additional 
predictors.

Analysis of diagnostic status Due to inclusion criteria, all 
participants had a formal DSM diagnosis at pre-treatment. 
To assess the probability of a diagnosis at post-treatment and 
at follow-up, we conducted two-level logistic regressions 
with the diagnostic status (yes = 1, no = 0) at the respective 
time point as the outcome variable. First, an intercept model 
was estimated to evaluate the overall probability of a diagno-
sis, separately for post-treatment and for follow-up. Subse-
quently, for moderator analysis, three models were estimated 
with age, disorder category, and target group as respective 
predictors, again in separate analyses for diagnostic status 
at post-treatment and at follow-up. Due to limited amount of 
data for diagnosis data, we limited this analysis to the three 
most important moderators. For all models, the intercept was 
allowed to vary between studies.

Results

102 studies matched the inclusion criteria. 27 studies were 
excluded due to unclarity about diagnostic procedures or 
absence of information about treatment outcomes on the 
case level. Four additional studies were excluded as the data 
in these studies could not be standardized for the purposes 
of multilevel meta-analysis. Thus, a total of 71 studies were 
included. From these 71 included studies, we still had to 
exclude 14 individual cases as they did not fit inclusion cri-
teria, leaving a total number of cases of 321. A detailed over-
view of the study inclusion process is presented in PRISMA 
flow chart (Fig. 1). An overview of the excluded studies can 
be found in Supp2.

Study and Case Characteristics

A summary of study characteristics is presented in Supp3 
wherein case-level information on all variables can be 
found. Number of cases per study ranged from 1 to 17 
(M = 4.45). Total number of dropouts was 12 and ranged 
from 0 (48 studies) to 6 (1 study); 7 studies did not report 
on drop out. Mean age of the cases was 10.66  years 
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(SD = 3.49; range 4–17); 55% of the cases were female 
(for about 50 cases gender was not reported or only on 
a sample level). For about 30% of the cases, no informa-
tion regarding ethnicity or cultural background of par-
ticipants was reported (Supp3). In 22% of the cases, no 

information about comorbidity was reported. In 18% of 
the cases, no comorbidity was observed. Comorbidity with 
another internalizing disorder was present in almost 40% 
of the cases, with an externalizing disorder in 4%, and with 
ADHD and ASS in 18% and 4% of the cases, respectively. 

Fig. 1  PRISMA flow diagram of included studies and cases
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4% of the cases had other comorbid disorder (e.g., learn-
ing, speech, sleeping disorder).

Length of the treatment in weeks ranged between 0.02 
(3-h treatment) and 68 weeks. On average, the treatments 
consisted of 10.47 sessions, ranging from 1 to 36 sessions. 
Overall, average scores for the total RoBiNT scale, and inter-
nal and external validity subscales were 12.06 (SD = 3.85; 
score range 4–21), 3.17 (SD = 2.52; score range 0–9), and 
8.89 (SD = 2.26; score range 4–14), respectively. In Supp3, 
quality scores of (sub)scale(s) for each study can be found.

Within‑Person Symptom Change

Average treatment effect: 4,153 datapoints from 222 cases 
from 47 studies were available. The first 3-level regression 
analysis with phase, time, and their interaction as predic-
tors indicated that, on average, there was (across cases and 
studies) a significant immediate reduction of the symptom 
severity at the start of the treatment phase; b = − 0.67, 95% 
CI = [− 1.10; − 0.24], p = 0.002. The symptom severity sig-
nificantly reduced with 0.14 standard deviation per week 
during the baseline phase; b = − 0.14, 95% CI = [− 0.24; 
− 0.03], p = 0.031. The linear decrease in symptoms became 
more pronounced during the treatment phase when com-
pared to the baseline phase as indicated by the interaction 
between phase and time; b = − 0.27, 95% CI = [− 0.47–0.07], 
p = 0.005, resulting in a reduction of 0.41 (= − 0.14–0.27) 
standard deviation per week during the treatment phase. 
These analyses were re-done excluding three studies that 
were concerned with medication treatment and one study 
concerned with animal-assisted therapy, respectively 
(Table 1). In both cases, the conclusions remained the same. 
Similarly, we repeated this analysis when only including 
studies with experimental designs. Again the conclusions 
remained the same.1

Heterogeneity of the treatment effect The symptom devel-
opment for each study during the baseline and the treat-
ment phase is depicted in Fig. 2, and the estimated effects 
for all individual cases are depicted in Fig. 3. Compared 
to the variation within subjects (σ = 0.94), there was much 
variation for the intercept between the studies (the estimated 
standard deviation τ  = 3.17) and cases (τ = 2.19). This shows 
that the symptom severity was very different between cases 

Table 1  Summary of study and case characteristics (N = 71 studies; 
321 cases)

AD Anxiety Disorders; MDD Major Depressive Disorder; PTSD Post 
Traumatic Stress Disorder; CBT Cognitive Behavioral Treatment; 
CBM Cognitive Bias Modification. NR not reported
a Determined via semi-structured diagnostic interviews (87% of the 
cases), via clinical interview (screening; 12% of the cases). In four 
cases both diagnostic interview and screening were used. In one case 
information about the method was unavailable, but it was clearly 

N of studies

World part
 North America 48
 Europe 13
 Australia and New Zealand 8
 South America 1
 Asia 1

Type of  diagnosisa

 AD 52 [n cases = 231]
 MDD 8 [n cases = 35]
 PTSD 11 [n cases = 55]

Type of sample
 Referred 41
 Recruited 22
 Combined referred and recruited 1
  Otherb 2
 NR 5

Setting
 University clinic (UC) 34
 Outpatient psychiatric clinic (OPC) 18
 OPC/UC 1
 School 5
  Otherc 4
 NR 9

Type of treatment
 CBT-oriented 59
 CBM 3
 Medication 3
 Parent–child interaction therapy 2
  Otherd 4

Treatment target  groupe

 Child and parent 33
 Child-only 33
 Parent-only 5

Type of SC(E)D
 Experimental
  Multiple baseline 41
  Changing-criterion 2
  Alternating-treatments 1
  Quasi-experimental
  AB 8

 Non-experimental
  Pre-post 11
  One-phase design 81 Results excluding medication treatment: b(phase) = −  0.73, 95% 

CI = [− 1.19; − 0.27]; b(time) =  − 0.13, 95% CI = [− 0.24; − 0.02]; 
b (phase*time) =  −  0.30, 95% CI = [−  0.52; −  0.07]. Results 
without the animal-assissted therapy: b (phase) =  −  0.72, 95% 
CI = [− 1.17; − 0.27]; b (time) =  − 0.12, 95% CI = [− 0.23; − 0.02]; 
b(phase*time) =  − 0.30, 95% CI = [− 0.50; − 0.11]. Results exclud-
ing non-experimental studies:: b (phase) =  − 0.59, 95% CI = [− 0.99; 
-0.19]; b (time) =  − 0.13, 95% CI = [− 0.23; -0.03]; b(phase*time) =  
− 0.28, 95% CI = [− 0.52; − 0.05].
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and studies at treatment start. Also the treatment effects var-
ied considerably between studies and cases. Between the 
studies, the effect of phase (i.e., the immediate reduction 
in symptom severity at treatment start) varied with τ = 1.14 
and the effect of phase*time (i.e., difference in symptom 
reduction between the baseline and treatment phase) varied 
with τ = 0.59. Given the assumption that effects are normally 
distributed across studies, this would mean that for 95% of 
the studies, the immediate treatment effect ranges between 
− 2.90 and 1.56, and that the effect is negative for 72% of 
the studies. For the effect on the time trend (phase*time), 
the 95% prediction interval is [− 1.43; 0.89] with a negative 
effect for 68% of the studies. Between cases, the effect of 
phase varied with an estimated standard deviation τ = 1.49 
and the effect of phase*time with τ = 0.36. These results 
suggest that for 95% of the cases and a typical study, the 
immediate effect varies between − 3.59 and 2.25 (with 67% 
of the effects being negative), and the effect of phase*time 
varies between -0.98 and 0.44, and that the effect is negative 
for about 77% of the cases. Figure 3 visualizes that despite 
large variability in the individual treatment effects, for the 
majority of cases a reduction is expected in symptom sever-
ity as a response to the treatment, although for a minor-
ity of cases, this reduction is also statistically significant. 
Across cases, there is a large negative correlation between 
the random intercept and the random effects of the interac-
tion between phase and time, r = − 0.75. This indicates that 
the larger the symptom severity at the end of the baseline, 
the more pronounced is the symptom severity reduction in 
the treatment phase compared to the baseline phase.

Moderators The results for the three-level regressions 
which include the moderator variables are displayed in 
Supp6. Almost none of the variables showed a significant 
effect on the baseline level or trend in symptom severity, 
nor on the immediate effect of time trend (interaction with 
phase and time respectively). Only the immediate symptom 
reduction during the treatment phase seems to be more pro-
nounced for cases with PTSD when compared to cases with 
AD or MDD; b = − 1.16 [− 2.19; − 0.14], p = 0.027.

Diagnostic Status at Post‑Treatment and Follow‑up

Data on diagnostic status were available for 268 cases from 
62 studies at post-treatment and 191 cases from 44 studies at 

follow-up. At post-treatment, 28.46% (n = 76) cases still met 
diagnostic criteria for AD, MDD, or PTSD. At follow-up, 
21.99% (n = 42) cases still met diagnostic criteria for AD, 
MDD, or PTSD. Results of all multilevel logistic regres-
sions can be found in Table 2 for the probability of a diag-
nosis at post-treatment and at follow-up. Across all studies, 
the average probability of a diagnosis was 0.14 (95% CI: 
[0.05; 0.31]). This indicates that the likelihood of a diagno-
sis markedly reduced after treatment (before treatment all 
cases were diagnosed with an internalizing disorder). How-
ever, the between-study variance was rather large (Table 2) 
resulting in a 95% prediction interval for the study-specific 
probabilities of a diagnosis between 0.0006 and 0.97. This 
shows that studies varied to a large extent in how likely cases 
had a diagnosis at post-treatment. At follow-up, the average 
probability of a diagnosis was 0.12 (95% CI: [0.04; 0.28]). 
The between-study variance was also large for follow-up 
(Table 2) with the 95% prediction interval for the random 
study effects ranging between 0.001 and 0.93.

Age does not seem to have an effect on the diagnosis 
probability, both for post-treatment and follow-up (p = 0.65 
and p = 0.17; also see Tables 2). The same holds for the vari-
ables target group (p = 0.48 and p = 0.38, respectively) and 
disorder category (p = 0.08 for post-treatment and p = 0.85 
for follow-up). Still, the average likelihood of a diagnosis at 
post-treatment and follow-up is indicated to be below chance 
also when age, target group, or disorder category is taken 
into account, see Table 2. The large between-study variances 
and the large intra-class correlations (Table 2) for both post-
treatment and follow-up models indicate that a considerable 
part of the variation in the diagnosis probability is due to 
differences between studies.

Discussion

This study is, to our knowledge, the first study to investigate 
meta-analytically within-person changes instead of between-
person differences for evaluating the treatment of youth 
mental health problems. Evidence for symptom reduction 
during the treatment phase in comparison to baseline phase 
was found. Although already during the baseline a slight 
decrease in symptom severity over time was observed, a 
larger decrease was found during the treatment phase across 
cases and studies (Fig. 2). Further, we showed that these 
within-person treatment effects were positive for the major-
ity of cases but still varied to a large extent between studies 
and cases. Regarding potential moderators, the immediate 
decrease in symptom severity of cases with PTSD at treat-
ment start seemed to be more evident compared to cases 
with AD or MDD. Overall, large improvements at post-
treatment and even larger at follow-up were observed for 
the change in diagnostic status. After the treatments, the 

stated that the participant had a formal DSM diagnosis and was hos-
pitalized for that
b Moved from another trial
c Schools, community services, hospital
d Acceptance and Commitment Therapy, Interpersonal Psychotherapy, 
Mindfulness, Equine-assisted trauma therapy
e Four studies had mixed target groups for their cases

Table 1  (continued)
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Fig. 2  Estimated effects for the symptom development during base-
line and treatment phase for each study Note The black line represents 
the average effects across all studies; for time < 0 the lines represent 
the estimated slope during the baseline phase, for time > 0 the lines 
represent the estimated slope during the treatment phase; the “drop” 

at t = 0 indicates the immediate symptom reduction at treatment start; 
symptom severity was standardized across studies and values < 0 
mean no symptoms anymore; the time interval varied between stud-
ies. Estimates are empirical Bayes estimates
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likelihood of having an internalizing diagnosis markedly 
decreased as opposed to the start of the treatment.

Our results indicate that, overall, treatments for internal-
izing disorders in youths as evaluated in quantitative sin-
gle-case research seem to be effective in reducing clinical 
symptoms during treatment. In addition, a positive change 
in the diagnostic status was observed. These findings are a 
valuable addition to previous knowledge on treatment effects 
for internalizing problems in youth from (meta-analyses) of 
RCTs as they are based on within-person comparisons and 
tested in a wide range of individuals. These positive results 
are informative from the clinical point of view as the major-
ity of the sample concerned referred cases that are in general 
characterized by high severity and comorbidity and harder 
to be treated. This hypothesis was not quantitatively tested 
in this meta-analysis, but our impression of the treatments 
utilized in included studies is that at least in the half of the 
studies treatments were tailored to some client characteris-
tic. For example, in some studies, treatments were tailored 
to a specific age group (e.g., young children, Choate et al., 
2005; adolescents, Leigh & Clark, 2016), condition (e.g., 
comorbid AD and ADHD; Jarrett & Ollendick, 2012), or 
symptom (e.g., behavioral treatment of MDD, Frame et al., 
1982). Potentially, this may have impacted the positive 
results. In addition, this might have also perhaps influenced 
rather low dropout rates of cases in the studies included in 
our meta-analysis.

One of the most important findings concerns the ‘variabil-
ity’ of case characteristics and individual treatment effects. 
Our results showed that cases and studies are very hetero-
geneous; there are differences between the cases (within the 
same study) in demographics, and differences between the 
studies in designs, type of treatments, number of sessions, 

and length of treatment (Supp3). In line with this, although 
overall positive, treatment effects largely varied between 
cases and studies (Figs. 2 and 3). This emphasizes that vari-
ability is a legitime concern in youth intervention research. 
Worringly, this individual variability has potentially been 
overlooked in group-level studies. By meta-analyzing sin-
gle-case studies, we could, for the first time, quantify and 
describe this heterogeneity in individual treatment effects. 
In our study, youths with PTSD experienced the most imme-
diate improvement in symptom reduction at treatment start 
as opposed to baseline when compared to youth with AD 
or MDD. No other moderating effects were found. This is 
probably due to various other, not investigated variables that 
introduced heterogeneity between studies, cases, and treat-
ment effects. Further, the number of studies and, thus, the 
statistical power, were potentially too low to assess more 
fine-grained moderator effects.

Next to the limited amount of studies, a notable limitation 
of our study is that, in graph data analysis, both child and 
other (parent, observer) report of the outcome variable were 
included, based on the availability in the studies. It seems 
that more behavioral symptoms were always rated by oth-
ers in the included studies. Despite different reporters, the 
current meta-analysis offers the first overview of quantita-
tive single-case research on internalizing youth and provides 
empirical evidence for an overall positive within-person 
treatment effect and considerate heterogeneity between 
studies and cases for this treatment effects. With the surge 
of single-case research in internalizing youth, future meta-
analyzes will be able to better evaluate moderators explain-
ing the variability of individual treatment effects.

It is worthwhile mentioning that the overall quality of 
included studies was rated as below average, although 

Fig. 3  Estimated treatment effect for each individual case Note Each dot represents the empirical Bayes estimate of the effect for each individual 
case, lines represent the corresponding 95% confidence intervals
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there were differences between the studies in quality scores 
(Supp3). Our general impression was that at least in some 
studies criteria were fulfilled (such as quality criterium 
‘treatment adherence’), but this information was not explic-
itly reported in the specific article. While high-quality 
guidelines exist for conducting (What Works Clearinghouse, 
[Kratochwill et al., 2010]) and reporting (Tate et al., 2016) 
single-case research, much of these guidelines seem left 
unused in single-case research. The major problems that 
hinder the utilization seem to be different interpretations 
of the criteria and the absence of clear procedures for the 
application of these standards (Maggin et al., 2013). In addi-
tion, specific guidelines are necessary for conducting single-
case studies in different contexts (laboratory research vs. 
real-world research), and the designs should be tailored to 
research questions and aims of the studies, also to increase 
uniformity of different studies and their generalizability.

In sum, this is, as far as we know, the first study that 
explored the generalizability of treatment effects found in 
single-case research in youth treatment outcome studies by 
meta-analyzing during-treatment within-person changes. 
Overall, a positive impact of treatments was found for youth-
internalizing disorders and symptoms, and the estimated 
effect was positive for the majority of cases and studies. 
Yet we also found a large variability between studies and 
cases in their characteristics and treatment effects. While it 
is yet to be determined what exactly explains the variation 
in effects, it is certain that the treatments as evaluated in 
single-case research hold great clinical potential for youth 
with mental health problems, and that recent advances in idi-
osyncratic research methods can help optimally learn what 
helps for whom and through which mechanisms.
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