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ARTICLE INFO ABSTRACT

Keywords: Biofeedback is applied to target excessive and/or deficient physiological signals to help patients identifying and
Neurofeedback self-managing their symptoms. Biofeedback has been employed in psychiatric disorders, including obsessive-
Obsessive-compulsive disorder compulsive disorder (OCD), mainly by using neural signals - neurofeedback. Recently, OCD has been integrated
Self-regulation

into the obsessive-compulsive and related disorders (OCD&RD) category (body dysmorphic, hoarding, tricho-
tillomania/hair-pulling, and excoriation/skin-picking disorders). The efficacy of biofeedback for OCD&RD is still
unknown. Our work provides a complete overview of publications assessing the therapeutic efficacy of bio-
feedback in OCD&RD with a systematic review and meta-analysis. We found ten studies involving 102 OCD
participants (three randomized controlled trials) mostly applying neurofeedback (one publication used thermal
biofeedback). Five neurofeedback studies were selected for meta-analysis (89 patients; two randomized con-
trolled trials). The overall effect size within the treatment group varied between medium to large, but high
heterogeneity and inconsistency values were found. The methodological quality was low indicating a high risk of
bias. In conclusion, a beneficial effect of neurofeedback for OCD patients was found but also critical limitations
on methodology, high heterogeneity among studies, and a putative reporting bias. Future research following
high-quality guidelines should be conducted to address the efficacy of biofeedback approaches for OCD&RD.
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category includes OCD, body dysmorphic disorder, hoarding disorder,
trichotillomania/hair-pulling disorder, excoriation/skin-picking dis-

1. Introduction

OCD is the fourth most common psychiatric disorder and the tenth
cause of disability worldwide. OCD is characterized by recurrent
thoughts (obsessions) associated with high anxiety, followed by re-
petitive behaviors or mental tasks to relieve the anxiety (compulsions)
(Rapp et al., 2016; Sachs and Erfurth, 2018). Anxiety symptoms com-
prise autonomic nervous system dysregulation namely increased heart
rate, decreased heart rate variability, elevated skin electrodermal ac-
tivity, and augmented breathing rate (Schoenberg and David, 2014;
Simon et al., 2013). OCD is also characterized by a hyperactive orbi-
tofronto-striatal circuit including the orbitofrontal and cingulate cor-
tices and subcortical structures (basal ganglia, hippocampus, and
amygdala) (Bruin et al., 2018; Moreira et al., 2017). Recently, OCD has
been integrated into the OCD&RD category in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5). This

order, substance/medication-induced OCD&RD, and OCD&RD induced
by other medical condition. These disorders share compulsive beha-
viors, impaired behavioral inhibition, demographic characteristics
(onset age, family patterns, and comorbidity), neural pathways (e.g.
increased basal ganglia activity) and neurotransmitter dysfunction
(serotonergic and dopaminergic systems imbalance), and treatment
response  profiles (Abramowitz, 2018; American Psychiatric
Association, 2013).

First-line treatments include cognitive-behavioral therapy (CBT)
and antidepressants. However, up to 60% of patients do not present
symptomatic remission after treatment (Seibell and Hollander, 2014).
The limited success of conventional treatments makes identifying al-
ternative therapies a priority. Self-regulation is the ability to manage
emotions, thoughts, or behaviors in face of specific stimuli

Abbreviations: OCD, obsessive-compulsive disorder; OCD&RD, obsessive-compulsive and related disorders; CBT, cognitive-behavioral therapy; DSM-5, fifth edition
of the Diagnostic and Statistical Manual of Mental Disorders; EEG, electroencephalography; fMRI, functional magnetic resonance imaging; PRISMA, Preferred
Reporting Items for Systematic reviews and Meta-Analyses; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; PI-WSUR, Padua Inventory-Washington State
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(Pearcy et al., 2016). Biofeedback is a technique aiming to inhibit ex-
cessive and/or reinforce impaired physiological signals to help patients
in identifying and managing their symptoms. It is also applied to im-
prove the performance or cognitive skills. Usually, biosignal changes
are measured and presented to patients in form of auditory or visual
feedback so they can learn how to self-regulate their biological re-
sponses. These signals might be related to heart rate, skin conductance,
temperature levels, respiratory pattern, or muscle activity
(Schoenberg and David, 2014).

Biofeedback has been applied to psychiatric disorders such as an-
xiety, depression, and schizophrenia with a specific type of feedback
from neural activity in target brain regions - neurofeedback
(Schoenberg and David, 2014; Sitaram et al., 2016). The neurofeedback
technique is mostly implemented with functional magnetic resonance
imaging (fMRI) or electroencephalography (EEG) (Begemann et al.,
2016; Sitaram et al., 2016; Thibault et al., 2018).

Previous authors have explored the efficacy of biofeedback
(Schoenberg and David, 2014) and neurofeedback (Begemann et al.,
2016; Gongalves et al., 2017; Micoulaud-Franchi et al., 2015) in psy-
chiatric disorders, including OCD. These works described that EEG
neurofeedback reduces OCD rumination and anxiety (Schoenberg and
David, 2014) and has a superior effect compared to sham neurofeed-
back (false feedback signal used as a placebo condition) (Micoulaud-
Franchi et al., 2015). Moreover, EEG neurofeedback effects were re-
ported to be similar to medication, mainly for reducing compulsions
(Begemann et al., 2016). Lastly, OCD patients learned how to regulate
brain regions (the anterior insula and orbitofrontal cortex) with fMRI
neurofeedback leading to clinical improvement (Gongalves et al.,
2017).

However, the efficacy of biofeedback techniques for the OCD&RD is
still unknown. Prior studies have mainly focused on neurofeedback
approaches and OCD. It is important to explore the literature to es-
tablish adequate biofeedback protocols to maximize the clinical out-
comes for patients. This work aims to review the evidence for the
therapeutic efficacy of biofeedback in OCD&RD. Our work provides
qualitative and quantitative information to evaluate if biofeedback is a
viable therapeutic approach for OCD&RD.

2. Methods

This review was performed according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) norms
(Liberati et al., 2009; Moher et al., 2009). The study protocol was not
registered at PROSPERO (Centre for Reviews and Dissemination, York,
U. K., https://www.crd.york.ac.uk/prospero).

2.1. Eligibility criteria

All studies regarding the efficacy of biofeedback techniques in the
reduction of symptomatic manifestation in OCD&RD were considered.
Only studies conducted with humans, published in English, and re-
porting original results were selected (conference abstracts, reviews,
and book chapters were excluded).

2.2. Information sources

Studies were identified by searching electronic databases and re-
ference lists of articles. This search was last conducted on 27th of
August 2018 in Medline, Web of Science, Scopus, and PsycINFO
without any date restrictions. The search was conducted by the author
SF.

2.3. Search

The following setup of search terms was used for Medline and si-
milar terms were used for the other databases: ("obsessive-compulsive
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disorder" OR "body dysmorphic disorders" OR "hoarding disorder" OR
"trichotillomania" OR "hair-pulling disorder" OR "excoriation disorder"
OR "skin-picking disorder") AND ("neurofeedback" OR "biofeedback").

2.4. Study selection

Eligibility assessment was performed by the author SF. In case of
doubt, the results were discussed among all authors. All trials were
included, regardless of the existence and type of a comparator group.
The primary outcome measure was the effect of biofeedback on
symptomatic manifestation based on psychometric scales. Articles in-
cluding participants with obsessive-compulsive tendencies or symptoms
without a diagnosis were excluded. Moreover, studies with several
disorders including OCD&RD that did not present the results for each
condition individually were also excluded. Articles that did not use
biofeedback as a therapeutic approach were also excluded. Works not
assessing symptomatic changes after biofeedback application were also
excluded.

2.5. Data collection process

We develop a data extraction sheet based on a previous review ar-
ticle (Schoenberg and David, 2014) and refined it to simplify the or-
ganization of information. All data extracted by the author SF was
confirmed twice to avoid errors. In case of doubt, the results were
discussed among all authors. Studies from the same research group or
group of authors were carefully analyzed to avoid double counting the
same data.

2.6. Data items

From each study, we extracted the following data items: (1) parti-
cipant groups [sample size, average age, and gender ratio]; (2) disorder
[type, method of diagnosis, previous/current treatment approaches,
and associated comorbidities]; (3) biofeedback intervention [type of
biosignal, number of sessions, session duration, and outcome mea-
sures].

2.7. Risk of bias in individual studies

To ascertain the risk of bias of the eligible studies, the author SF
determined the quality of each study concerning study control, rando-
mization, patients’ blindness, researchers’ blindness, and sponsoring
bias. Three levels were used for evaluating each parameter: low,
moderate, and high quality (Higgins and Green, 2008; Liberati et al.,
2009).

2.8. Synthesis of results

For each study, the mean score and standard deviation of psycho-
metric scales at baseline and after biofeedback intervention were ex-
tracted or calculated from median values (Hozo et al., 2005) or in-
dividual data. Only scales reflecting the severity of symptoms were
considered. The effect size of the intervention was determined based on
the standardized mean change. Since individual data was not available
in most of the studies, we considered a correlation coefficient (r) of 0.6
between pre and post-intervention measures (Morris, 2008; Morris and
DeShon, 2002; Nakagawa and Cuthill, 2007) [the supplementary Figure
S.1 and Figure S.2 represent the main results for a lower r = 0.1 and
higher r = 0.9, respectively]. Studies reporting only qualitative results,
insufficient data for the effect size calculation, and low sample sizes
preventing statistical analysis (n < 3 per group) were excluded.

Heterogeneity (Cochrane's Q) and inconsistency () values were
also calculated (Hardy and Thompson, 1998; Higgins, 2003; Higgins
and Thompson, 2002). Ninety-five percent confidence intervals (CI)
were considered. All calculations and graphs were executed in R version
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Fig. 1. Flow diagram of the literature search [adapted from (Liberati et al., 2009; Moher et al., 2009)].

3.4.3 (package “metaphor”, The R Foundation, https://www.r-project.
org/) using a random effects model.

2.9. Risk of bias across studies

To assess bias across studies, a funnel plot was constructed. Given
the small number of studies included for meta-analysis (Fig. 1), the
Egger's test was not performed to evaluated funnel plot asymmetry
(Sterne et al., 2011), thus, asymmetry was visually inspected.

2.10. Additional analyses

To evaluate if the effect size heterogeneity was explained by the
patients’ characteristics in each study, an exploratory meta-regression
was performed using the mean age and gender ratio (females/males
proportion) as predictors (Table 1). Additionally, the mean number of
biofeedback sessions was also introduced as a predictor to analyze if the
effect size depended on treatment duration (session duration informa-
tion was not available for all studies, preventing the calculation of
treatment duration in time; Table 2) (Thompson and Higgins, 2002).
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3. Results
3.1. Study selection

Fig. 1 shows the flow diagram representative of the process of stu-
dies selection. A total of 221 studies were identified through databases
searching (n = 208) and by checking relevant articles in reference lists
(n = 13). No unpublished articles were found. From those, 32 studies
were selected to be included in the review after reading the abstract and
removing duplicates. From those, 1 study was discarded because the
full text was not available even after contacting the authors. The re-
maining 31 articles were examined in detail. Twenty-one studies did
not meet the inclusion criteria: studies including participants without a
diagnosis of OCD&RD (n = 12), studies presenting results for a group
merging several disorders including OCD&RD (n = 4), articles not using
the biofeedback technique as a therapeutic intervention (n = 4), and
studies not assessing symptomatic changes associated with OCD&RD
(n=1).

3.2. Study characteristics

All studies included in the systematic review (n = 10) involved OCD
patients and were published between 1974 and 2015. Two multicentric
studies were conducted in Germany, Italy, USA, and Chile
(Buyukturkoglu et al., 2015), and the Czech Republic and France
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Summary of the biofeedback intervention information of the studies included for systematic reviewing and meta-analysis.

Study Group Biofeedback intervention  Biosignal Mean number  Session Outcome Effect size within
of sessions duration (min) measure treatment group [CI
95%]
Mills and Solyom, 1974 Treatment EEG EEG alpha at O1 and 02 15.2 60 - Qualitative outcomes
(8-13 Hz; > 20 uv)
LeVine et al., 1983 Treatment Thermal Hand fingers temperature - 30 - Qualitative outcomes
Hammond, 2003 Treatment qEEG Individualized EEG 71.5 15-35 Y-BOCS Low sample size
Hammond, 2004 Treatment qEEG Individualized EEG 43.0 30 Y-BOCS Low sample size
Stirmeli and Ertem, 2011° Treatment qEEG Individualized EEG 50.2 60 Y-BOCS 2.18 [1.60; 2.77]
Barzegary et al., 2011 Treatment qEEG Individualized EEG 30.0 45 PI-WSUR Insufficient data
Control 1  Drug - - -
Control 2 No treatment - - -
Koprivové et al., 2013* Treatment EEG + CBT Individualized EEG 25.0 30 Y-BOCS 1.02 [0.28; 1.75]
Control EEG sham + CBT
Scheinost et al., 2014° Treatment fMRI BOLD from orbitofrontal/ 1.6 - Y-BOCS 3.31 [1.23; 5.40]
BA 10
Deng et al., 2014 Treatment EEG + Drug + CBT EEG alpha, sensorimotor 40.0 24 Y-BOCS 6.23 [4.80; 7.66]
rhythm, and theta
Control Drug + CBT - - -
Buyukturkoglu et al., 2015* Treatment fMRI BOLD from anterior insula 10.0 - Y-BOCS 0.01 [—0.64; 0.66]

EEG = Electroencephalography; qEEG = quantitative electroencephalography guided electroencephalography biofeedback; CBT = Cognitive-behavioral therapy;
fMRI = functional magnetic resonance imaging; O1 = left occipital; O2 = right occipital; BOLD = Blood-oxygen-level dependent; BA = Brodmann area; Y-
BOCS = Yale-Brown Obsessive Compulsive Scale; PI-WSUR = Padua Inventory-Washington State University Revision; CI = Confidence interval.

@ studies included meta-analysis.

(Koprivova et al., 2013). The other works were performed in Turkey
(Stirmeli and Ertem, 2011), Iran (Barzegary et al., 2011), Canada
(Mills and Solyom, 1974), China (Deng et al., 2014), and USA
(Hammond, 2004, 2003; LeVine, 1983; Scheinost et al., 2014). Three
works were randomized controlled trials (Barzegary et al., 2011; Deng
et al., 2014; Koprivova et al., 2013). From these 3 trials, 1 was a double-
blind study (Koprivova et al., 2013) and 1 was a single-blind study
(Deng et al., 2014). The remaining studies were not controlled.

Table 1 shows a summary of the studies included in the systematic
review. The total number of OCD patients enrolled in the biofeedback
intervention was 102 and 53 OCD patients were included in control
groups. The average age of the treated patients was 29.1 (6.9) years
[mean (standard deviation)] and for the control patients was 28.7 (2.1)
years. The biofeedback intervention group had a total of 61 females and
44 males [including a study with 3 dropout patients (Deng et al., 2014)]
and the control group had 30 females and 27 males [including a study
with 4 dropout patients (Deng et al., 2014)].

All studies applied an intervention based on neurofeedback with
fMRI (n = 2 (Buyukturkoglu et al., 2015; Scheinost et al., 2014)) or EEG
(n=17), except one publication that used thermal biofeedback
(LeVine, 1983). Two studies combined the neurofeedback effects with
CBT (Koprivova et al., 2013) or medication and CBT (Deng et al., 2014).
For control, the 3 trials mentioned above used a waiting list group and
medication group (Barzegary et al., 2011), a medication and CBT
combined group (Deng et al., 2014), or a sham biofeedback and CBT
combined group (Koprivova et al., 2013). The biofeedback intervention
had an average duration of 31.8 (21.8) sessions (one study with missing
information (LeVine, 1983)). The brain regions target during the neu-
rofeedback intervention were the anterior insula (Buyukturkoglu et al.,
2015) and orbitofrontal cortex/Brodmann area 10 (Scheinost et al.,
2014), but most of the studies used an individualized approach tar-
geting subject-specific brain regions with abnormal activation
(Barzegary et al., 2011; Hammond, 2003, 2004; Koprivova et al., 2013;
Siirmeli and Ertem, 2011). The studies selected for the systematic re-
view did not include overlap data from the same participant. Table 2
shows a summary of the intervention characteristics of the studies in-
cluded in the systematic review.

The main outcome measure was the change in psychometric scales
score associated with symptomatic manifestation. Results are presented
for the Y-BOCS (n=7) or Padua Inventory—-Washington State

University Revision (PI-WSUR; n =1 (Rapp et al., 2016)) since both
scales evaluate the severity of obsessive-compulsive symptoms
(Table 2). Psychometric scales assessing other parameters (e.g. de-
pression and anxiety) were used only once per study, thus, were ex-
cluded from the analysis. Two studies were excluded from the meta-
analysis because they reported only qualitative outcomes (LeVine,
1983; Mills and Solyom, 1974). Additionally, 2 publications with small
sample sizes (n = 1 (Hammond, 2004) and n = 2 (Hammond, 2003))
were not included because the effect size could not be estimated. We
also excluded another study due to the lack of information for statistical
calculation (Barzegary et al., 2011) after contacting the authors without
success. In conclusion, 10 studies were accepted for the systematic re-
view and 5 for the meta-analysis.

3.3. Risk of bias within studies

Table 3 indicates the information regarding the quality of the stu-
dies included in the systematic review. Most of the works presented low
quality for the evaluated parameters, except for sponsoring bias. Only
the 3 controlled and randomized trials were considered moderate to
high-quality publications (Barzegary et al., 2011; Deng et al., 2014;
Koprivova et al.,, 2013). Nonetheless, 2 studies did not control for
placebo effects (Barzegary et al., 2011; Deng et al., 2014). The third one
was sponsored by a company and lacked a conflict of interests state-
ment, thus, we considered only moderate quality regarding sponsoring
bias (Koprivova et al., 2013).

3.4. Results of individual studies

All 5 studies considered for meta-analysis applied a neurofeedback
intervention with OCD patients and used the Y-BOCS scale to measure
symptomatic changes. Taking into account that only 2 (Deng et al.,
2014; Koprivova et al., 2013) of the 5 studies selected were controlled
and that distinct control groups were used, the effect size estimation
was only performed within the intervention group - the standardized
mean change of Y-BOCS scores from baseline to after neurofeedback
(Table 2). Effect size calculation is represented in Table 2 and on the
forest plot in Fig. 2. The within-group effect of neurofeedback treatment
for OCD patients varied from small to large values for individual studies
(McGrath and Meyer, 2006; Tomczak and Tomczak, 2014).
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Summary of the quality assessment of the studies included in the systematic review.

Study Control Randomization

Patients' blindness

Researchers' blindness Sponsoring bias

Mills et al., 1974

LeVine et al., 1983
Hammond et al., 2003
Hammond et al., 2004
Siirmeli et al., 2011
Barzegary et al., 2011
Kopfivova et al., 2013
Scheinost et al., 2014
Deng et al., 2014
Buyukturkoglu et al., 2015

[]Low quality;

[ ]Moderate quality; [ ] High quality; [7] Unavailable information.

3.5. Synthesis of results

The overall within-group effect size was 2.47 (CI 95% 0.37; 4.57), a
large effect size favoring the neurofeedback intervention for OCD pa-
tients (McGrath and Meyer, 2006; Tomczak and Tomczak, 2014).
However, the CI pointed to a large standard error for this effect size.
Moreover, the meta-analysis revealed a high heterogeneity value [Q
(df = 4) = 71.59, p < 0.0001] corresponding to an elevated value of
inconsistency () of 96.64% (CI 95% 90.01%; 99.60%) [Fig. 2].

3.6. Risk of bias across studies

The funnel plot in Fig. 3 indicates strong data asymmetry, possibly
reflecting the existence of reporting bias, poor methodological designs,
and the high heterogeneity values reported above (Sterne et al., 2011).

3.7. Additional analyses

Results from the exploratory meta-regression indicated that the
heterogeneity values [Q residual (df = 1) = 37.35, p < 0.0001; Q pre-
dictors (df=3)=0.90, p=082 F=9732% (CI 95%
86.55%; > 99.73%] were not explained by the predictors. The average
age [B=0.09; Z=0.37; p=0.72], gender ratio [B= —0.40;
Z = —0.55; p = 0.58], and mean session duration [B = 0.06; Z = 0.63;
p = 0.53] did not present a statistically significant effect on the model.

4. Discussion

Our work aimed to evaluate the evidence for therapeutic efficacy of
biofeedback in OCD&RD, albeit all publications selected pertain to OCD
patients and mostly neurofeedback interventions. The results point to a
positive effect of neurofeedback in OCD patients’ symptomology but
reveal serious limitations on the research procedures (e.g. lack of
proper control groups and small sample sizes), high heterogeneity
among studies, and a putative reporting bias. To conclude, further re-
search with high-quality standards is needed to address the efficacy of
neurofeedback in OCD. Additionally, biofeedback should be explored as
a potential therapy for other OCD&RD.

Body dysmorphic disorder, hoarding disorder, trichotillomania/
hair-pulling disorder, and excoriation/skin-picking disorder are related
OCD diseases that may also benefit from biofeedback approaches
(Abramowitz, 2018; Sachs and Erfurth, 2018), thus, more studies
should be performed in the future. Additionally, other biofeedback in-
terventions apart from neurofeedback (e.g. approaches using skin
conductance, respiratory, or electrocardiogram signals) might have the
potential to be used in ecological environments at lower costs
(Schoenberg and David, 2014). Indeed, devices incorporating mobile
technology are starting to be applied to help patients with psychiatric
disorders in everyday life (Adams et al., 2017; Bhugra et al., 2017; Loo
Gee et al., 2016; Van Ameringen et al., 2017; Versluis et al., 2016).
Nonetheless, EEG neurofeedback is also a widely available technique
that lacks the regional resolution of fMRI, especially for activity in
deep/subcortical areas, but implicates lower costs and good temporal

Study Size Weight (%) Effect size [CI 95 %]
Sarmeli 2011 36 21.05 —— 218[1.60,2.77]
Kopiivova 2013 8 2085 - 1.02[0.28,1.75)
Scheinost 2014 5 17.67 3.31[1.23,5.40]
Deng 2014 37 19.46 — 6.23[4.80,7.66]
Buyukturkoglu 2015 3 20.96 —— 0.01[-0.64, 0.66]
Overall effect ——— 247[0.37,4.57]
Q (df =4)=71.59, p <0.0001 T i T T T 1

-2 0 2 4 6 8

12 =96.64 (Cl 95 % 90.01, 99.60)

Effect size (Cl 95 %)

Fig. 2. Forest plot representing the meta-analysis results of neurofeedback treatment for obsessive-compulsive patients' symptoms. The Yale-Brown Obsessive
Compulsive Scale score was used as outcome measure within the treatment group. Studies' citation lack "et al." for better visualization purpose. CI = Confidence

interval; Q = Heterogeneity; I> = Inconsistency.
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resolution. fMRI has a better spatial resolution to localize brain regions
but has low temporal resolution and entails high costs (Begemann et al.,
2016; Sitaram et al., 2016; Thibault et al., 2018) .

Studies included merely for the systematic review presented a re-
duction in OCD symptoms after neurofeedback (Barzegary et al., 2011;
Hammond, 2004, 2003; LeVine, 1983; Mills and Solyom, 1974). Re-
garding the meta-analysis results, the overall effect of neurofeedback in
the symptomatology of OCD patients was high. However, this value
concerns only changes in the intervention group (within-group ana-
lysis). Only two studies from the meta-analysis were controlled (Deng
et al., 2014; Koprivova et al., 2013) and the type of control group was
distinct, preventing a conclusive between-group analysis on the effect
size. Nonetheless, these two trials were included in a previous review
(Begemann et al., 2016) regarding EEG neurofeedback effects in psy-
chiatric diseases, where authors reported a moderate to high between-
group effect mainly for compulsive symptoms. However, Kopfivova
et al. (2013) was the only study accounting for placebo effects by using
a sham neurofeedback control group. Since patients are always aware
of the neurofeedback intervention, it is crucial to have placebo (Arns
et al., 2017; Rogala et al., 2016; Sitaram et al., 2016) or/and active
controlled studies. Indeed, some reports point that active comparators
such as medication or CBT might be better than sham groups because
psychiatric treatments usually involve a placebo component that might
positively affect the outcomes (Geddes and Cipriani, 2015; Hammond,
2011; Pigott et al., 2018).

Another drawback of the selected studies was the small sample size.
For the meta-analysis, the sample size ranged from 3 to 37 patients with
more than half of the studies including less than 10 patients.
Additionally, more women than men were included (54 women versus
38 men). Previous research indicated that OCD male patients show a
higher vulnerability for more severe disease manifestation
(Goldberg et al., 2015). Moreover, OCD is a very heterogeneous disease
with different symptomatic dimensions (contamination/cleaning,
symmetry/repeating/ordering/counting, sexual/religious/aggressive,
and harming) (American Psychiatric Association, 2013). Thus, patients
might respond differently to biofeedback interventions depending on
obsession and compulsion categories (Thorsen et al., 2018) and gender.
Some of the studies included in our review lack information about
symptomatic dimensions of patients and the diagnosis instruments.
Future studies should provide clear information about patients’ diag-
nosis and symptoms to better characterize biofeedback outcomes.
Furthermore, more than half of the studies included OCD patients with
comorbidities which may have an influence on intervention outcomes.
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All these factors might have contributed to the high level of hetero-
geneity among studies. Lastly, the selected studies lack clear informa-
tion regarding the proportion of responder patients based on specific
criteria (except (Deng et al., 2014)) and secondary effects of neuro-
feedback. Moreover, the heterogeneity may also arise from the inclu-
sion of studies with different neurofeedback modalities (fMRI and EEG)
and distinct target brain regions. More studies were performed with
fMRI than EEG feedback possibly because fMRI is a less available, less
practical, newer, and more expensive technique. Indeed, the two stu-
dies using fMRI neurofeedback have a low sample size possibly in-
dicating that these were pilot works.

The reported effect size was not associated with the number of
neurofeedback sessions and the sample characteristics (age and gender
ratio). This conclusion must be interpreted with caution given the small
number of studies included in the meta-regression and that the number
of sessions may be a biased measure of the intervention duration (these
results may be false negatives). Unfortunately, not all the studies re-
ported session duration values, preventing a real estimation of the in-
tervention length. Future publications should clearly describe the in-
tervention protocol to allow replication.

In clinical terms, neurofeedback might have the potential for
treatment-resistant patients to minimize prolonged treatment periods
and the use of invasive therapies such as deep brain stimulation and
radiosurgery (Micoulaud-Franchi et al., 2015; Seibell and Hollander,
2014). Additionally, EEG portable systems and mobile devices are being
developed to allow a more ecological biofeedback approach in the fu-
ture (Enriquez-Geppert et al., 2017). Indeed, recent findings with OCD
and Tourette Syndrome patients suggest that fMRI neurofeedback leads
to a continuous symptomatic improvement even weeks after the end of
the intervention. Thus, more ecological techniques might imply longer
biofeedback effects. These authors claim that patients might adopt the
skills learned during neurofeedback in a similar way to CBT
(Rance et al., 2018). A recent meta-analysis addressing the therapeutic
effect of CBT in OCD symptoms revealed a medium to large effect size
(Carpenter et al., 2018). However, this work was conducted with four
randomized placebo-controlled trials, thus, results cannot be compared
to ours. Another meta-analysis (Sugarman et al., 2017) of thirteen trials
evaluating the therapeutic outcomes of several antidepressant drugs for
OCD also reported a medium to a large effect size of the medication
without considering the placebo control. Although our review shows a
similar effect size, the included studies have patients already exposed to
medication and, some of them, psychotherapy. Despite the im-
plementation of washout periods before neurofeedback in some
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publications, the use of other treatment approaches might have influ-
enced the results. Future works should consider previous/current
treatments as a potential confounding variable.

4.1. Limitations

The search methodology was performed by a sole author (SF), al-
though a strict procedure was followed accordingly to PRISMA guide-
lines (Liberati et al., 2009; Moher et al., 2009).

We included non-randomized and non-controlled studies to provide
a complete and clinically helpful overview of biofeedback interventions
for OCD&RD. This process enabled us to highlight flaws and novel re-
search approaches for future works.

Our results may have been influenced by publication bias. Our
search was limited by articles published in English and one publication
was not available for full-text reading. No unpublished studies were
found, but our search was limited to four databases. Nonetheless, the
analysis of reference lists allowed a more exhaustive search.
Additionally, three publications were not selected for meta-analysis due
to incomplete or qualitative reporting of outcomes possibly increasing
reporting bias (Barzegary et al., 2011; LeVine, 1983; Mills and Solyom,
1974). Lastly, the new categorization of OCD&RD in DSM-5 might
prevent the retrieval of articles following the last classification. How-
ever, our search was conducted with specific disorder names to avoid
missing information.

4.2. Conclusions

In summary, the poor methodological quality of the select studies
prevents evidence-based conclusions on the efficacy of neurofeedback
in the treatment of OCD. Moreover, the lack of studies addressing other
biofeedback interventions and OCD related disorders highlights the
need for further research. Thus, CBT and drug therapy remain at the
forefront of OCD&RD treatment.

Future studies should follow high-quality guidelines namely pre-
determined sample sizes (with power calculation), randomization and
blinding, selection of proper control groups, a complete clinical char-
acterization of patients, and a clear description of biofeedback protocols
and study outcomes.
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