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ABSTRACT

Background: Obsessive-compulsive disorder (OCD) is a clinically heterogeneous condition without a conclusive
subtype dimension. This study will focus on the meta-analysis of the clinical responses of OCD subtypes to cog-
nitive behavioral therapy (CBT), which might clarify this issue. Methods: We performed a systematic search and a
meta-analysis for the studies of OCD subtypes and the response to CBT in PubMed, ScienceDirect, Embase, Web
of Science, and Scopus databases. The selective criteria were the OCD without significant medical or psychiatric
co-morbidities and pre-and post-treatment changes in scores of OCD dimension. In addition, different subtypes
of OCD in symptom dimensions, such as symmetry, contamination, unacceptable thoughts, and hoarding, were
compared to find the most significant subtype using the treatment response parameters by CBT. After limited
selection, four studies and 479 OCD subjects were enrolled. The meta-analysis was performed by Review Manager
5.4, and only significant results were reported. Results: Among the OCD subtypes, the meta-analysis favors the
hoarding subtype with poorer responses to CBT than symmetry, contamination, and unacceptable thoughts.
The meta-analysis results were negative mean differences, significant tests for overall effect, and limited hetero-
geneities in the random effects model. In addition, the results were more significant when the hoarding subtype
was compared with non-hoarding subtypes. Conclusion: The hoarding subtype might be the most significant
representative subtype of OCD symptom dimension under the impression of unfavorable clinical response to
CBT. However, future studies with more treatment parameters will be warranted to confirm this finding.
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1 Introduction

Obsessive-compulsive disorder (OCD) is a clinically heterogeneous condition. With difficult to
delineate the classification and validation of OCD subtypes [1—4]. For the subtypes by the symptom
dimension, a former meta-analysis of exploratory factor analysis studies showed that four significant
factors might be the representative subtypes: symmetry, unacceptable thoughts (UT), cleaning/
contamination, and hoarding [2].

Among the treatment options for OCD, medication treatment, such as antidepressants, will be a crucial
choice. Apart from the medication treatment, psychotherapy will be another essential part. Cognitive
behavioral therapy (CBT) will be the first choice. In the above four subtypes of symptom dimension in
OCD, the validations of these factors would still be needed. The different subtypes seemed to be
associated with treatment response from the treatment response to CBT in the subjects with OCD. Several
studies suggested that sexual/religious/aggressive (UT subtype) would be related to worse treatment
response to CBT [5-9]. The poor treatment response of this subtype might be related to delayed
treatment and shame of such obsession for such subtype [10] or mental compulsion for reassurance
seeking for such subtype [11]. The alterations of amygdala function [12,13] and the front-limbic
alterations towards moral sense [14] in such subtype might also play a role in a worse response to CBT.
However, one study reported null findings for the subtype response to CBT [15]. In addition, other
previous studies reported that the hoarding subtype would be associated with poorer treatment response to
CBT [5,16-19]. The lack of adherence and premature termination might be the significant causes [19].
The symmetry subtype was not inferior to other subtypes in the treatment response of CBT [16,18,19].
Therefore, the treatment responses to the CBT of different subtypes might be necessary for the clinical
practice and treatment of OCD patients. The systematic review and meta-analysis can validate CBT’s
OCD subtypes and related treatment responses. The results can help clinicians determine if the treatment
of CBT can be used with better responses according to the OCD subtypes.

The current meta-analysis would address this issue to find the most significant subtype according to the
treatment response to CBT. We would enroll the related studies with symptom dimension subtypes and
the treatment response under CBT treatment status. The reasons to focus on CBT would be as follows.
First, the CBT studies would not suffer from the obstacles of pharmacotherapy when the researchers
performed a meta-analysis, such as the different kinds of antidepressants, neurotransmitter modulations,
dose equivalents transformations, and various dose ranges. The above issues would make interpretations
of meta-analysis results difficult and prone to bias. Second, CBT would be the most appropriate treatment
of psychotherapeutic territory for OCD, making the meta-analysis more consistent with the daily life
practice of the clinicians. Third, focusing only on CBT might make our meta-analysis results more
homogeneous for the enrolled studies, which would be associated with more solid results with less bias.

According to the above literature, the four factors of symptom dimension subtypes [2] would be used as
the significant variables to classify OCD. The previous articles used to predict the treatment response by
regression analysis. However, the meta-analysis of regression results would not be the primary focus of
the current study. The meta-analysis of the improvements in clinical symptoms for a specific subtype of
OCD would be a significant issue in the current study. In addition, the studies of treatment responses to
CBT would be the primary basis to validate the significance of subtype classification in OCD. We
hypothesized that hoarding or UT would be the subtype of OCD associated with worse treatment
response to CBT.

2 Methods

This section outlines the methods considered in this work.
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2.1 Literature Search and Selection Criteria

This work used the following keywords “obsessive-compulsive disorder” or “obsessive” or “obsession”
or “compulsive” or “compulsion” or “symmetry” or “repeating” or “ordering” or “counting” or “forbidden
thoughts” or “unacceptable thoughts” or “aggression” or “aggressive” or “sexual” or “religious” or “somatic”
or “checking” or “cleaning” or “contamination” or “hoarding” or “treatment” or “outcome” or “response”
and “cognitive behavioral therapy” and “behavioral therapy” and “symptom dimension” to search and
collect the related articles in the PubMed, ScienceDirect, Embase, Web of Science and Scopus databases.
The articles were limited to those published or e-published online before September 2020.

The inclusion criteria of this study were (i) OCD patients without significant comorbidities of physical
illness (significant medical diseases, such as cardiovascular diseases, gastrointestinal and renal diseases,
metabolic diseases, neurological diseases, and immune diseases). (ii) The studies with CBT treatment
outcomes and response profiles (iii) The articles with detailed data on symptom dimension subtypes of
OCD and the clinical responses of CBT. The definition of detailed data meant that each subtype of OCD
patients had pre-treatment Y-BOCS (Yale-Brown Obsessive Compulsive Scale) scores, post-treatment
YBOCS scores, or changes in the YBOCS scores or YBOCS percentages of scores after CBT. (iv) These
studies were also published in English in the science citation index database journals. (v) Concurrent
medication treatment might be allowed. The exclusion criteria were: (i) Detailed data was partially
eligible. With some parts unavailable in the content of the articles (the corresponding authors would be
inquired about the data we needed in this meta-analysis), (ii) If the authors did not respond or already
could not have access to the dataset, the articles would be excluded as the category without detailed data
of CBT response, (iii) The studies without Y-BOCS dimension, (iv) Review articles, (5) Not relatively
pure OCD (with significant psychiatric comorbidities, such as major depressive disorder > 50%, psychotic
disorders >50%, substance use disorder >50%, bipolar disorder >50%, attention deficit hyperactivity
disorder > 50%, autistic disorder > 50%).

2.2 Quality Assessment and Data Extraction

The study was conducted according to the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) guidelines [20]. The random sequence generation assessed the risk of bias for each
study, allocation concealment, blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, and selective reporting. We extracted the following data from the eligible
articles. First, the pre-treatment (baseline) Y-BOCS scores for each subtype of OCD subjects. Second, the
post-treatment Y-BOCS scores for each subtype of OCD subjects. Third, the change in Y-BOCS scores
after CBT treatment for each subtype of OCD subjects. Fourth, the percentages of changes in Y-BOCS
scores were also transformed into the absolute values of changes in Y-BOCS scores.

2.3 Meta-Analysis and Statistical Analysis

This work considered the Cochrane Collaboration Review Manager Software Package (Rev Man
Version 5.4) to perform the meta-analyses. Different subtypes of OCD in symptom dimensions, such as
symmetry, contamination, unacceptable thoughts (UT), and hoarding, were compared to each other to find
the most significant subtype using the treatment response parameters by CBT. The overall effect size of
changes in Y-BOCS scores was calculated as the weighted average of the inverse variance for the
study-specific estimates. For continuous variables, the weighted mean difference (WMD) was used to
estimate numerical variables. The y2 distribution test and Higgins 12 index were used to estimate the
heterogeneity. The heterogeneity was also tested by Cochran’s Q and Tau square test. The synthesized
results were conducted by pooling the data and using a random effects model meta-analysis. If essential,
subgroup analysis was performed to explain the heterogeneity and stratify the data according to different
periods. In addition, the forest plot was used to estimate if the meta-analysis would favor specific
subtypes of OCD subjects in the response status to CBT. Finally, the test for overall effect was calculated
to produce the Z value and determine the significance of the p-value.
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3 Results
This section of the work presents the results obtained from the proposed study.

3.1 Description of Studies

The initial literature search through the dataset found 3129 articles, and additional records from other
sources were 15 articles (a total of 3144 articles). Then 1558 duplicates were removed. The residual
1586 articles (the total articles discarding the 1558 duplicate articles) were screened according to the
relevance of abstracts and titles. The 1564 articles were discarded after this step. Next, entire text
contents were assessed for the eligibility for the remaining 22 articles [5-7,9—-11,15-19,21-31]. Among
these candidates, 3 were review articles [6,19,23], which were excluded. Fourteen articles were excluded
due to no detailed data of CBT response in articles and not being provided by authors after email contact.
5 articles were included in qualitative analyses. However, 1 study was excluded because the dimension
was not the dimension of the Y-BOCS scale [15]. At last, four studies [7,16,24,28] were enrolled in the
quantitative analysis (meta-analysis). The flow diagram was presented according to the PRISMA
guideline (Fig. 1). The detailed characteristics of the four studies were also summarized (Table 1).
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Figure 1: The PRISMA flow diagram of current meta-analysis
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Table 1: Summary of enrolled studies

Subjects Design Subtypes Y-BOCS
Abramowitz 132 adults; CBT 15 sessions (interventional Hoarding, contamination, Absolute
2004 age 1865 study) harming, UT, symmetry values
years old
Matsunaga 168 adults; 1 year CBT (exposure & response Hoarding, non- hoarding Absolute
2010 age 2040 prevention) (interventional study) values
years old
Storch 2008 92 children & Randomly assigned (intensive vs. Hoarding, symmetry, Absolute
adolescent;  weekly family-based CBT contamination, sexual/  values
age 7-19 14 sessions ( interventional study) religious, aggression/
years old checking
Williams 87 adults, age Randomly assigned (4 sessions of UT (aggressive, sexual,  Percentages
2014 18-65 years  CBT, weekly for 4 weeks and religious, somatic,
old twice-weekly for 8 weeks) mental, reassurance
(interventional study) seeking); hoarding

Fig. 1 presents the PRISMA flow diagram of the current meta-analysis. The current meta-analysis
followed the PRISMA guideline to identify the potentially relevant literature and screen the identified
literature using abstract and title selection. Then, the full text of screened literature was assessed to find
the eligible studies and include the suitable ones for the final meta-analysis.

3.2 Significant Results: Comparison Between Hoarding Subtype and UT Subtype

In the meta-analysis of changes in Y-BOCS scores after CBT in hoarding and UT subtypes of OCD
subjects, the forest plot favored poorer response of hoarding subtype compared to UT subtype (hoarding:
66 subjects; UT: 143 subjects; total: 207 subjects) (Fig. 2). In this meta-analysis, we enrolled three
studies [7,16,24] because the three studies had detailed data on hoarding and UT subtype patients.
Therefore, one study [28] would be weighted 0% in this meta-analysis. The heterogeneity of this
comparison was low (heterogeneity Tau?=0.32; Chi*=2.21, df=2 (p=0.33); ?=10%). The result was
significant (test for overall effect: Z=4.24; p <0.0001).

hoarding uTt Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Abramowitz 2004 10.44 45 16 1595 49 41 47.7% -551[8.18,-2.84] o
Matsunaga 2010 83 57 54 124 5 114 0.0% -4.10[-5.88,-2.32)
Storch 2008 147 8.7 14 16 7.4 51 15.2% -1.30[-6.29,3.69] i
Williams 2014 86 7.3 3B 126 741 51 371% -4.00[-7.08,-0.92] L
Total (95% Cl) 66 143 100.0% -4.31[-6.30, -2.32] 4

Heterogeneity: Tau®= 0.32; Chi*= 2.21, df= 2 (P = 0.33), F=10%

Test for overall effect: Z= 4.24 (P < 0.0001) ~30R 0 4 o Lol

Favours [hoarding] Favours [UT]

Figure 2: The hoarding vs. UT meta-analysis forest plot

In Fig. 2, the hoarding vs. UT meta-analysis forest plot is presented. The hoarding subtype showed a
favorable result with poorer treatment response to CBT than UT. The heterogeneity was low, and the
result was statistically significant.
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3.3 Significant Results: Comparison Between Hoarding Subtype and Non-Hoarding Subtypes

In this comparison, we enrolled four studies [7,16,24,28]. In addition, these studies recognized the non-
hoarding subtype as other subtypes of OCD subjects, such as symmetry, UT, and contamination subtypes. In
the meta-analysis of changes in Y-BOCS scores after CBT in hoarding and non-hoarding subtypes of OCD
subjects, the forest plot favored a poorer response of the hoarding subtype when compared to the UT subtype
(hoarding: 120 subjects; UT: 359 subjects; total: 479 subjects) (Fig. 3). The heterogeneity of this comparison
was lowest (Heterogeneity: Tau?=0.00; Chi*=1.71, df=3 (p=0.64); I?=0%). The result was most
significant (Test for overall effect: Z=6.46; p <0.00001).

hoarding non-hoarding Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Abramowitz 2004 10.44 45 16 1533 49 116 274% -4.89[7.27,-2.51)] =
Matsunaga 2010 83 57 54 124 5 114 492% -4.10[-5.88,-2.32) L
Storch 2008 147 8.7 14 16 7.5 204 71%  -1.30[-5.97,3.37)
Williams 2014 86 7.3 36 126 71 51 16.3% -4.00[-7.08,-0.92)
Total (95% Cl) 120 485 100.0% -4.10 [-5.35, -2.86] ]

Heterogeneity: Tau®= 0.00; Chi*=1.81, df=3 (P=0.61), F=0%

Test for overall effect: Z= 6.46 (P < 0.00001) -100 =50 0 S0 100

Favours [hoarding] Favours [non-hoarding]

Figure 3: The hoarding vs. non-hoarding meta-analysis forest plot

In Fig. 3, the hoarding vs. non-hoarding meta-analysis forest plot is depicted. When the hoarding
subtype was compared to the non-hoarding subtype, the poorer treatment response to CBT was more
significant, and the heterogeneity was the lowest.

3.4 Subgroup Analysis

Because just one child and the adolescent study were enrolled in the current meta-analysis, we
performed the subgroup analysis of the adult subgroup. For the adult subgroup analysis, the comparison
results of hoarding vs. UT and hoarding vs. non-hoarding were still statistically significant (Figs. 4 and 5).
The treatment response of the hoarding subtype was still poorer than UT and non-hoarding subtypes in
the adult subgroup.

hoarding ut Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Abramowitz 2004 10.44 45 16 1595 49 41  426% -1.13[1.75,-0.52) ——
Matsunaga 2010 83 57 54 124 5 114 0.0% -0.78 [-1.11,-0.45)
Storch 2008 147 8.7 14 16 7.4 &1 0.0% -0.17 [-0.76, 0.42)
Williams 2014 86 7.3 36 126 71 51 57.4% -0.55[-0.99,-0.12) -
Total (95% Cl) 52 92 100.0% -0.80 [-1.36, -0.24] 4

N R - . = = - - R - T T :
Heterogeneity: Tau®= 0.10; Chi*=2.28, df=1 (P=0.13), F=56% 4 R 0 2 4

Test for overall effect. Z= 2.78 (P = 0.005) Favours [hoarding] Favours [UT]

Figure 4: The hoarding vs. UT subgroup analysis (adult) forest plot

hoarding non-hoarding Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Abramowitz 2004 1044 45 16 1533 49 116 19.6% -1.00 [-1.54,-0.46)
Matsunaga 2010 83 57 54 124 5 114 505%  -0.78[1.11,-0.45) —a—
Storch 2008 147 8.7 14 16 75 204 0.0% -1.30 [-5.97,3.37)
Williams 2014 86 7.3 36 126 741 51 29.9% -0.55[-0.99,-0.12) -
Total (95% Cl) 106 281 100.0% -0.76 [-0.99, -0.52] <&

Heterogeneity: Tau®*= 0.00; Chi*=1.67, df=2 (P=0.43); F=0% v v )

s 2 A 0 1 2
Test for overall effect: Z= 6.23 (P < 0.00001) Favours [hoarding] Favours [non-hoarding)

Figure 5: The hoarding vs. non-hoarding subgroup analysis (adult) forest plot
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3.5 Non Significant Results

The comparison between hoarding and contamination reached a trend of statistical significance
(heterogeneity Tau?=3.18; Chi?=1.78, df=1 (p=0.18); I?*=44%; test for overall effect: Z=1.89; p=
0.06). The forest plot favored a poorer response of hoarding subtype to CBT. The comparison between
hoarding and symmetry was not significant (test for overall effect: Z=0.85; p=0.40). The comparison
between contamination and symmetry (test for overall effect: Z=0.98; p=0.33) was not significant. The
comparison between contamination and UT was not significant (test for overall effect: Z=0.79; p=0.43).
The comparison between symmetry and UT was also not significant (Test for overall effect: Z=1.45; p=
0.15).

4 Discussion

The significant findings in the current meta-analysis were as follows:

i) The hoarding subtype showed a poorer response to CBT, especially while the hoarding subtype was
compared to UT or non-hoarding subtypes.
ii) The other subtypes, symmetry, contamination, and UT, did not represent the significant and specific
subtypes based on CBT responses.
iii) The pooled data of hoarding vs. UT and hoarding vs. non-hoarding seemed more homogeneous.

Our study focused on CBT and YBOCS might have the advantages of better homogeneity of results and
less bias for interpretations. The homogeneity of enrolled parameters in the current study would make the
evaluations of results for the hoarding subtype more consistent and solid. The above will be the
innovation points of the current meta-analysis.

Among the four enrolled studies, the characteristics were different from several perspectives. First, three
studies [7,16,28] focused on adult OCD patients. Just 1 study focused on children and adolescents [24].
Among the three adult OCD studies, one study focused on patients of age 20—40 years old [28]. Second,
just two studies included the complete subtypes of OCD [16,24]. One study classified OCD as hoarding
and non-hoarding [28]. Another study included OCD patients with hoarding ad UT subtypes [7]. Third,
the number, frequency, and duration of CBT sessions differed in the enrolled studies. The session number
was similar in the two studies [16,24]. One study’s CBT duration was one year [28]. One study’s CBT
was just four sessions [7]. Third, the study design was different in the enrolled studies. Two studies were
the randomized trial design [7,24], and two were the intervention study design [16,28]. At last, for the
changes in Y-BOCS scores, three studies reported absolute values [16,24,28], and one study reported the
percentage [7].

The hoarding subtype might be associated with low parental warmth and perceived parental rearing style
[32]. The distinct subtypes classified by symptom dimension might be related to distinct patterns of the neural
substrate and genetic transmission, which would be associated with treatment response [33]. The hoarding
subtype was prone to familial associations, suggesting a genetic predisposition [4]. Hoarding was also
associated with poor insight, reduced control towards compulsion [34], higher anxiety scores [35], and
not-just-right perceptions [36]. The poor insight might be related to the alterations of dopaminergic
neurocircuits in the hoarding subtype of OCD [37]. The hoarding subtype was also associated with
cognitive sequelae, neuropsychological impairments [38], reduced performance-monitoring activity [39],
and impaired immediate verbal recall [40]. These factors might be associated with poorer treatment
response to CBT.

The most cited article of meta-analysis in OCD also showed that the hoarding subtype would be associated
with poor treatment response to traditional treatment, such as behavioral therapy, pharmacotherapy, and
combined therapy. However, this study enrolled different continuous parameters, such as the treatment
response and changes in the non-YBOCS rating scales. Including different treatment modalities and
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evaluation, parameters would predispose the results to the heterogeneity status, which would influence the
interpretations of the results [41]. Therefore, our study focused on CBT and YBOCS would have the
advantage of more homogeneity and less biased results compared to the study. Our study also supported
the results of that meta-analysis. The previous meta-analysis with exploratory factor analysis for exposure
and ritual prevention response showed that hoarding and UT subtypes would be related to poor treatment
response [7]. Another meta-analysis on the error monitoring ability in OCD also suggested that the
hoarding subtype would suffer more significant error-related negativity when performing the probabilistic
learning tasks. It might suggest that OCD with hoarding symptoms had different pathophysiological
mechanisms of error monitoring [42].

In addition, the changes or shifting of the hoarding subtype to another subtype were rare compared to
other subtypes. The temporal stability of adult OCD subtypes in the symptom dimension would be stable and
could predict the treatment response [1,43]. Even though some studies did not recognize hoarding as a
specific subtype of OCD [44,45], the current study results strongly suggested that hoarding would be
associated with poorer treatment response to CBT. Another study by Rufer et al. showed that the
hoarding subtype would predict non-response to CBT [5]. In addition, the hoarding subtype would be
associated with decreased functioning, treatment resistance [46], longer duration of illness, poor insight,
and poorer outcomes [8]. A review also supported that the hoarding subtype would be associated with
poor treatment response to CBT and serotonin-related antidepressants [19]. The hoarding subtype might
be associated with early-onset OCD and alterations in the neurotransmitter system other than serotonin
[47]. The poor treatment response to CBT might also be associated with the behaviors of delaying
treatment seeking in the hoarding subtype [48].

Even with one study of children and adolescent OCD in the current meta-analysis that might influence
the current study’s interpretations, the symptom dimensions of children and adolescent OCD were
predominantly congruent with those of adult OCD [49]. In addition, the four-factor system in the current
study can be applied to children and adolescents with OCD [50]. Our meta-analysis results also
corresponded to the slower rate of improvement in children and adolescents with OCD [31]. The
hoarding in children and adolescents with OCD showed that the hoarding subtype might have
impairments in social communication, social interest, motivation, and reciprocity [51], which would be
related to the poorer response to CBT [7]. However, one study showed that the hoarding subtype would
respond better to CBT [30].

The significant limitations in the current study were as follows. First, the low number of enrolled studies
in the meta-analysis might limit the interpretations of our results. Therefore, the results should be interpreted
with caution. Second, most enrolled studies also suffered from the bias from the concurrent psychotropic
medication treatment, such as antidepressants and benzodiazepines. It led to difficulty delineating the
medication’s effects on the response of Y-BOCS scores in this meta-analysis. However, the study design
of these enrolled studies used CBT as a combined therapy when the OCD subjects had already received
medication treatment for a duration. The response effects might still be related to CBT. Third, the mixture
of adults, children, and adolescents with different age ranges in the current meta-analysis would make the
interpretation of the results biased. Fourth, the duration of CBT and study design of the enrolled studies
were also variable. However, the changes in Y-BOCS scores were listed as the full results in the subtype
of OCD subjects, not by the randomly assigned CBT methods or duration. Fifth, even hoarding vs. UT
and hoarding vs. non-hoarding reached statistically significant in the subtype validation under the basis of
CBT response. However, the hoarding vs. contamination or hoarding vs. symmetry was non-significant in
the current meta-analysis, which might be related to a limited sample size of symmetry or contamination
in current meta-analysis. A future study focused on more solid validation of hoarding vs. symmetry or
contamination might be warranted. Sixth, the frequency and number of sessions of CBT might influence
the study results. Therefore, this factor might interfere with the interpretations of this meta-analytic study
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results, and we should take caution regarding the issue of the quantity and quality of CBT. In addition, the
heterogeneity of the application of CBT in the enrolled studies was another important limitation. Seventh, the
limited number of enrolled studies and the CBT treatment across different ages (adults and children/
adolescents) might also limit the interpretations of current meta-analytic results.

5 Conclusion

From the results of the current study, the hoarding subtype might be the most significant representative
subtype of OCD symptom dimension under the impression of unfavorable clinical response to CBT. The
treatment of OCD has particularities, and hoarding is a dimension with challenges in clinical practice.
However, future studies with more treatment parameters will be warranted to confirm this finding. In
addition, the results should be interpreted with caution due to the limited number of enrolled studies in
the current meta-analysis.
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