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Background: Current interventions for obsessive-compulsive disorder (OCD) are often of limited benefit.
Aim: To evaluate the effect of adjunctive treatment with EEG biofeedback training on the symptoms and 
cognitive functioning of individuals with OCD. 
Methods: A total of 79 individuals with OCD were randomly assigned to the study group (n=40) or the 
control group (n=39). The control group was treated using a combination of sertraline (50 to 200 mg/d) 
and weekly cognitive behavioral therapy sessions by trained therapists for 8 weeks; the study group was 
treated using the same regimen plus EEG biofeedback sessions 5 times per week. The Yale Brown Obsessive 
Compulsive Scale (YBOCS) was administered by a psychiatrist who was blind to patients’ treatment status 
before treatment and at the end of the 2nd, 4th, 6th and 8th week for treatment; the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS) was administered before and after the 8-week trial.
Results: Three individuals dropped out of the study group and four dropped out of the control group 
(χ2=0.186, p=0.712). At the end of the study, treatment was considered effective in 32 of the 37 (86.5%) 
participants in the study group and in 22 of the 35 (62.9%) participants in the control group (χ2=5.36, 
p=0.021). Repeated measures analysis of variance showed that the improvement in OCD symptoms was 
greater in the study group than the control group by the 6th week of treatment. At the end of the trial all 
5 cognitive dimensions assessed by the RBANS were significantly better in study groups subjects than in 
control group subjects and the changes in the YBOCS score were significantly correlated with changes in the 
RBANS overall score in the study group (r=0.43, p=0.007), but not in the control group (r=0.171, p=0.327). 
Conclusions: This methodologically rigorous study demonstrates that 8 weeks of adjunctive treatment with 
EEG biofeedback training can significantly improve the clinical symptoms and cognitive functioning of OCD 
patients being treated with medication and psychotherapy. Further work is needed to assess the long-term 
effects of biofeedback training and the need for booster sessions after an initial period of training.
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1. Background
Obsessive-compulsive disorder (OCD) is a mental illness 
characterized by obsessive thoughts and (or) compulsive 
behaviors. Wide variations in the clinical presentations 
of OCD complicate the treatment of the condition 
and can result in a chronic course and poor prognosis. 
There are several treatment strategies for OCD, most 
of which combine medications with psychotherapy, 
but the clinical outcomes are often unsatisfactory.[1] 

Electroencephalograph (EEG) biofeedback is an adjunctive 
treatment to medications and psychotherapy that has 
proven beneficial in the treatment of panic disorders 
and other conditions.[2] It uses real-time EEG to promote 
desired brain activities and to suppress undesired brain 
activities. In this study, we tested the effectiveness 
of EEG biofeedback as an adjunctive treatment for 
cognitive-behavioral psychotherapy and medication in 
the treatment of OCD. 
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2. Methods

2.1 Sample
The enrollment process for the study is shown in Figure 
1. Potential participants were outpatients and inpatients 
seeking treatment at the Jingzhou Mental Health Center 
from May to December 2013 who met the following 
inclusion criteria: (a) 18 to 45 years of age; (b) junior high 
school education or above; (c) right-handed; (d) both 
the patient and the patient’s guardian provided written 
informed consent to participate in the study; (e) met 
the International Classification of Diseases, 10th edition 
(ICD-10)[3] diagnostic criteria for obsessive-compulsive 
disorder based on a clinical examination conducted by 
an attending-level psychiatrist and confirmed by the 
department head; (f) had a score of ≥18 on the Yale-
Brown Obsessive Compulsive Scale (YBOCS)[4]; and (g) 
had not taken any psychiatric medication in the two 
weeks prior to enrollment. The patients were excluded if 
they met any of the following exclusion criteria: (a) had 
a history of diabetes, high blood pressure, heart disease, 
diseases of the nervous system, substance dependence, 
schizophrenia, major depression, or other mental 
illnesses; (b) pregnant, breast feeding or planning to 
get pregnant; (c) experienced a recent physical trauma, 
surgery or acute or chronic infection; (d) color blind; or 
(e) serious suicidal ideation or behavior. 

After obtaining informed consent, 79 patients were 
randomized (using a random number table) into the 
study group (n=40) or the control group (n=39). There 
were 21 males and 19 females in the study group; 25 
(62.5%) were inpatients; their range of age was 18 to 43 
with a mean (sd) age of 26.7(8.2) years; their duration of 
disease was 0.5 to 13 years (mean [sd]= 3.8 [3.7] years, 
median=2.0 years); their mean (sd) age of onset was 
22.9 (5.0) years. There were 20 males and 19 females 
in the control group; 23 (58.9%) were inpatients; their 
range of age was 19 to 42 with a mean (sd) age of 26.6 
(7.8) years; the duration of disease was 0.6 to 12 years 
(mean [sd]= 3.7 [3.4] years, median=3.0 years); their 
mean (sd) age of onset was 23.0 (4.9) years. There 
were no statistically significant differences between the 
groups in gender, proportion of inpatients, age, duration 
of illness, or age of onset of illness. 

2.2 Intervention
Before the treatment began, patients who were taking 
medications at the time of enrollment underwent a 
two-week ‘wash-out’ period. Among the 40 study group 
participants, 11 (27.5%) needed to participate in the 
2-week washout phase, and among the 39 control-
group participants, 9 (23.1%) required a washout period 
(χ2=0.15, p=0.698).

During the following eight weeks, patients in both 
groups took sertraline 50 to 200mg/d. Among the 37 
participants in the study group who completed the 
study the mean (sd) dose was 168 (29) mg/d; among 

the 35 in the control group who completed the study 
the mean (sd) dose was 171 (30) mg/d. Patients did not 
take any other psychiatric medication during the 8-week 
trial.  

All patients also received 50 min cognitive-behavior 
therapy (CBT) sessions once a week for 8 weeks. CBT 
was conducted by four psychiatrists who graduated 
from a 3-year course in CBT and had more than 10 years 
of experience providing CBT. The specific procedures 
included: (a) establishing rapport with patients; (b) 
comprehensively understanding the patients’ specific 
psychological symptoms and requesting that they take 
daily notes about their ‘automatic thoughts’, emotional 
reactions and duration of symptoms; (c) analyzing 
symptoms with patients; and (d) helping the patients 
overcome maladaptive beliefs by engaging in objective 
and reasonable thinking.[5] 

The Biofeedback System Infinity 4000C, provided 
by Nanjing Vish Medical Technology Company, was used 
to treat the patients in the study group five times a 
week for eight weeks (a total of 40 times). Each session 
lasted 24 minutes. During the first session an operator 
explained the apparatus to the patient but after that 
patients had little contact with the operators (unless 
something unexpected occurred). At each session after 
being attached to the apparatus patients were given 
guided practice to help them master the techniques 
of relaxing and concentrating while observing their 
brainwaves. Based on the operation manual, patients 
were trained to increase specific types of brainwaves: α, 
sensorimotor rhythm (SMR), and θ brainwaves.[6,7]

2.3 Assessments
OCD symptoms were assessed using the YBOCS[4] 
at baseline and at the end of the 2nd, 4th, 6th, and 8th 
week of treatment. Patients’ cognitive functioning, 
was assessed using the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS)[8] 
before the treatment and at the end of the 8th week of 
treatment. Both the YBOCS and RBANS assessments 
were conducted by a psychiatrist with extensive 
experience in using the scales (from other research 
studies) who was blind to the group assignment of all 
patients. 

YBOCS is the most widely used assessment scale 
for OCD. The Chinese version of the YBOCS is reliable 
and valid and has been widely used in clinical studies 
and research.[4] The instrument has two parts – a 
symptom checklist and a symptom severity measure. In 
the current study we only used the 10-item symptoms 
severity measure; the first five items assess the severity 
of obsessive thoughts and the second five items assess 
the severity of compulsive behaviors. Items are rated on 
a 0 to 4 Likert scale, thus the total score ranges from 0 
to 40 and the two subscale scores range from 0 to 20, 
with higher scores representing more severe symptoms. 
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In this study we define ‘improvement’ as a reduction of 
at least 50% in the baseline total YBOCS score.[9]

A previous study has found that the Chinese version 
of the RBANS is reliable and valid.[8,10] The battery 
includes 12 individual cognitive tasks assessing 5 cognitive 
domains: immediate memory/learning, visual spatial 
ability, language, attention, and delayed memory.[11,12] The 
sum of the 5 domain scores are combined into a total 
RBANS score, which provides an overall assessment of 
cognitive functioning.

2.4 Dropout criteria

Patients were considered dropouts if: (a) they did not 
comply with the treatment regimen after enrollment; 
(b) they stopped the treatment due to serious adverse 
events, serious complications or special physiological 
changes; (c) they had to stop treatment due to physical 
diseases during the study; (d) their symptoms worsened 
and a change of treatment plan was needed; or (e) they 
dropped out voluntarily.  
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59 outpatients that meet the ICD-10 diagnostic 
criteria of obsessive-compulsive disorder at 
Jingzhou Mental Health Center from May to 
December 2013

28 were excluded: 
• 4, not 18-45 years of age
• 1, left-handed
• 1, less than junior high school
• 2, YBOCS <18
• 1, substance dependence
• 19, refused to participate

76 inpatients that meet the ICD-10 diagnostic 
criteria of obsessive-compulsive disorder at 
Jingzhou Mental Health Center from May to 
December 2013

28 were excluded: 
• 6, not 18-45 years of age
• 2, left-handed
• 2, less than junior high school
• 3, suicidal
• 1, serious physical illness
• 1, substance dependence
• 1, color blind
• 12, refused to participate

79 enrolled patients 
• baseline assessment with YBCOS and RBANS
• random assigned to study group or control group

Study group 
(n=40; 25 inpatients, 15 outpatients)

• sertraline 50-200mg/d x 8 weeks
• weekly CBT x 8 weeks
• EEG biofeedback 5X/week x 8 weeks
• reassess with YBCOS at end of week 2,4,6

3 outpatients dropped out
• 1 moved
• 1 had poor adherence
• 1 became pregnant

48 inpatients enrolled in study

Control group 
(n=39; 23 inpatients, 16 outpatients)

• sertraline 50-200mg/d x 8 weeks
• weekly CBT x 8 weeks
• reassess with YBCOS at end of week 2,4,6

4 outpatients dropped out
• 2 moved
• 1 had poor adherence
• 1 had appendicitis

37 study group patients (25 inpatients [23 had been discharged] and 12 outpatients) and 35 control 
group patients (23 inpatient [19 had been discharged] and 12 outpatients) complete 8-week trial

• repeat assessment with YBCOS and RBANS at the end of the 8th week

YBCOS, Yale-Brown Obsessive Compulsive Scale
RBANS, Repeatable Battery for the Assessment of Neuropsychological Status
CBT, Cognitive Behavioral Therapy

31 outpatients enrolled in study

Figure 1. Flowchart for the study



2.5 Statistical methods 
Data were double entered and analyzed using SPSS19.0. 
Continuous variables were analyzed using the repeated 
measures analysis of variance. Categorical variables 
were analyzed using chi-square tests. Correlations were 
estimated using the Pearson correlation coefficients. 
Significance level was set at 0.05 for all tests. All tests 
were two-tailed tests. The analytical sample consisted 
of all participants who completed the entire 8 weeks of 
treatment.

3. Results
Based on the subscale ratings of the YBOCS at baseline, 
participants were subclassified as ‘obsessive thought 
type’ (obsessive thought subscale score >5, compulsive 
behavior subscale score <5, and all compulsive item 
scores <2), ‘compulsive behavior type’ (compulsive 
behavior subscale score >5, obsessive thought subscale 
score ≤5, and all obsessive item scores <2), or ‘mixed 
type’ (obsessive thoughts and compulsive behavior 
subscale scores both >5). The study group included 
13 patients classified as obsessive thought type, 3 
as compulsive behavior type, and 24 as mixed type; 
the control group included 12 patients classified as 
obsessive thought type, 4 as compulsive behavior type, 
and 23 as mixed type. The proportions of the three 
subtypes were not significantly different between the 
two groups (χ2=0.19, df=2, p=0.909).

3.1 Completion of the trial and participation in the 
intervention

As shown in Figure 1, 72 of the 79 enrolled participants 
(91%) completed the 8-week trial. All 7 dropouts were 
participants who had been enrolled as outpatients. 

Three of the 40 participants (7.5%) in the study group 
and 4 of the 39 participants (10.3%) in the control group 
dropped out; the dropout rate was not significantly 
different between the two groups (χ2=0.19, p=0.666). 
Among the 48 participants who were inpatients at the 
time of enrollment – all of whom completed the study 
– 44 (91.7%) had been discharged and were being 
followed-up as outpatients at the time of the 8-week 
assessment.

Attendance at the CBT group sessions was similar 
in the two groups: The 37 study-group patients and 
35 control-group patients who completed the study 
attended a mean (sd) of 7.92 (0.27) and 7.80 (0.41) 
of the 8 CBT groups sessions, respectively (t=1.45, 
p=0.149).

In the study group, participation in the biofeedback 
sessions was also quite high: 24 of the 37 who completed 
the study attended all 40 sessions, 9 attended 39 
sessions, 1 attended 38 sessions, 1 attended 37 sessions, 
and 2 attended 36 sessions. Thus the overall attendance 
rate at the biofeedback sessions was 98.5%.

3.2 Comparison of the YBOCS scores in the two groups 
As shown in Table 1, there was no difference in the 
YBOCS scores between the two groups at baseline 
(p=0.975).  There was robust t ime main effect 
(F=2239.64, p<0.001) indicating that the YBOCS scores 
dropped over time. The overall group main effect was 
non-significant (F=2.30, p=0.314), but a group by time 
interaction was found (F=5.48, p=0.001). Therefore, 
post-hoc comparisons were carried out. At each follow-
up (i.e., the end of the 2nd, 4th, 6th, and 8th weeks), the 
YBOCS scores dropped in both groups (p<0.01). But by 
the end of the 6th and 8th weeks, the drop in the study 
group was significantly greater than the drop in the 
control group (p=0.008 and 0.003, respectively).
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Table 1. Repeated measures analysis of variance comparison of the mean (sd) YBOCS total scores 
between the two groups before and after treatment 

Study group 
(n=37)

Control group 
(n=35) F df p 

Before treatment 25.22 (2.27) 25.20 (2.18) 0.00 1 0.975
End of the 2nd week 23.41 (2.54) 23.69 (2.58) 0.22 1 0.641
End of the 4th week 18.51 (2.64) 19.34 (2.60) 1.80 1 0.184
End of the 6th week 14.97 (2.10) 16.40 (2.35) 7.38 1 0.008
End of the 8th week 10.78 (1.20) 12.00 (2.03) 9.69 1 0.003
Group main effect --- --- 2.30 1 0.134
Time main effect --- --- 2239.64 4 <0.001
Group* time interaction --- --- 5.48 4 0.001



3.3 Comparison of the treatment effects between the 
two groups

Based on the criteria of a 50% drop from the baseline 
YBOCS score, at the end of the 8-week trial the 
treatment was effective in 32 of the 37 (86.5%) 
participants in the study group who completed the 
trial and in 22 of the 35 (62.9%) participants in the 
control group who completed the trial. The difference in 
effectiveness between the two groups was statistically 
significant (χ2=5.36, p=0.021).

3.4 Comparison of the RBANS scores of the two groups 
before and after the treatment

As shown in Table 2, after 8 weeks of treatment, the 
group main effect was not statistically significant for 
three of the RBANS domains (immediate memory, visual 
spatial memory, and language) but it was statistically 

significant for the total RBANS scores and for the 
dimensions scores for attention and delayed memory. 
The time main effect and the group by time interactions 
were statistically significant for all five RBANS domains 
and for the total RBANS score. Post-hoc comparisons 
indicated statistically significant between-group 
differences in all five domains and in the total score; 
the improvement in scores for the study group were all 
greater than those for the control group.

3.5 Correlation analysis of the improvement of 
symptoms and cognitive functions of the two groups

At the end of 8th week, changes in the YBOCS score were 
significantly correlated with changes in the RBANS total 
score in the study group (r=0.433, p=0.007) but this 
correlation was much weaker (and non-significant) in 
the control group (r=0.17, p=0.327).

Table 2. Comparison of the five dimension scores and total score of the RBANS between the two 
groups before and after treatment (mean [sd])

Dimension study group 
(n=37)

control group 
(n=35)

group 
main effect

time
main effect

interaction 
effect

F p F p F p

immediate 
memory 

before 61.22 (3.76) 62.03 (3.41)
0.96 0.329 181.19 <0.001 6.66 0.012after 70.19 (2.99) 68.11 (4.21) b

p a <0.001 <0.001

visual spatial 
ability

before 70.97 (4.86) 70.91 (4.54)
2.26 0.137 753.15 <0.001 12.21 0.001after 82.78 (4.21) 80.06 (3.15) b

p a <0.001 <0.001

language
before 75.22 (6.20) 75.80 (5.86)

3.69 0.059 106.37 <0.001 7.96 0.006after 87.84 (3.70) 83.00 (8.34) b

p a <0.001 <0.001

attention
before 72.95 (3.81) 73.83 (3.48)

6.34 0.014 101.12 <0.001 16.64 <0.001after 80.78 (1.65) 77.14 (3.82) b

p a <0.001 0.002

delayed 
memory

before 69.76 (3.76) 69.89 (3.73)
5.09 0.027 489.53 <0.001 10.930 0.001after 81.65 (2.36) 78.69 (3.26) b

p a <0.001 <0.001

total score
before 62.19 (3.19) 62.69 (2.90)

11.89 0.001 1064.42 <0.001 48.20 <0.001after 75.70 (2.21) 71.46 (2.49) b

p a <0.001 <0.001
RBANS, Repeatable Battery for the Assessment of Neuropsychological Status
a p-value for the before-after comparison within the group
b F-test for the between-group comparisons: immediate memory (F=6.66, p=0.012), visual spatial ability (F=12.21, p=0.001), language 

(F=7.96, p=0.006), attention (F=16.64, p<0.001), delayed memory (F=10.93, p=0.001), and total score (F=48.20, p<0.001)
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4. Discussion

4.1 Main findings    
This randomized controlled trial with a blind evaluation 
of the outcome provided clear evidence that adjunctive 
treatment with EEG biofeedback can improve the 
treatment effect of standard treatment with medication 
and psychotherapy for OCD. Over an 8-week treatment 
trial the greater improvement in OCD symptoms in the 
group that had adjunctive treatment with biofeedback 
became statistically significant by the end of the 6th 
week. We also found that patients who received 
adjunctive treatment with EEG-based biofeedback 
show significantly greater improvement in cognitive 
functioning after 8 weeks of treatment, an improvement 
that was strongly correlated with the improvement in 
OCD symptoms.

These findings are consistent with previous reports 
by both Western[13] and Chinese[14] researchers who also 
find that EEG biofeedback is effective in improving the 
symptoms of OCD. Patients with OCD have elevated 
levels of anxiety, which can induce psychological and 
physical changes such as tension, changes in brain 
waves, and elevated heart rate and blood pressure. 
EEG biofeedback is a technique that helps individuals 
understand these physical changes (which they are 
usually not aware of before the training). It also helps 
them learn how to regulate these psychological and 
physical changes. As they master these relaxation skills 
there is a corresponding improvement in the symptoms 
of OCD. However, the etiology of OCD remains 
unclear,[15] so further research will be needed to clarify 
the exact mechanisms via which biofeedback augments 
the treatment effects of medication and psychotherapy.

Cognitive functioning is closely associated with 
the clinical presentation of OCD and with the short-
term and long-term prognosis for OCD.[16,17] Despite 
recent increased research interest in the cognitive 
functioning of individuals with OCD, few studies have 
assessed the effects of biofeedback on cognitive 
functioning in OCD patients. One exception is a study 
by Liu and colleagues[18] who reported that providing 
EEG biofeedback training to patients with OCD can 
improve their cognitive functioning as assessed by the 
Cancellation Test, the Clinical Memory Scale, and the 
Wisconsin Card Sorting Test.[19,20] In the current study 
we expanded on these results; our use of the RBANS, 
a multi-dimensional assessment tool of cognitive 
functioning, provided evidence about the benefit 
of biofeedback in OCD for two additional cognitive 
domains not considered in previous studies – visual 
spatial ability and language. Furthermore, we also found 
that the improvement in cognitive function associated 
with EEG biofeedback was closely correlated with 
improvement in OCD symptoms. 

4.2 Limitations
Several limitations should be borne in mind when 
interpreting findings from this study. First, there was no 

placebo control of the EEG biofeedback therapy (e.g., 
mock EEG training) so it is possible that the improved 
OCD symptoms and cognitive functioning was due to 
the ‘placebo effect’ of the 40 additional contacts with 
clinicians individuals in the study group experienced 
over the 8-week trial (i.e., unrelated to the EEG 
biofeedback training). Second, the two-week ‘washout’ 
period for patients who were being medicated at the 
time of enrollment in the study may have aggravated 
OCD symptoms and cognitive dysfunction due to 
withdrawal from medications, though this potential 
effect would have been similar in the two groups. Third, 
the small sample size precluded stratified analysis by 
types of OCD or other factors. Fourth, the inclusion 
of both inpatients and outpatients in the study and 
the change of some participants from inpatient to 
outpatient status during the study (i.e., differences in 
the settings in which they are living and being evaluated 
in) was a confounding variable that was not adequately 
controlled for. Fifth, it would have been better to 
conduct an ‘intention to treat’ analysis by carrying 
the final results of the 7 dropout patients forward, 
but, given the small number of dropouts, this would 
not significantly affect the overall findings. And finally, 
due to the lack of Chinese norms, we cannot compare 
the RBANS cognitive functioning scores of the OCD 
participants to those of the general Chinese population. 
Future studies are needed to address these issues 
and to determine whether the short-term benefits of 
biofeedback training persist over the long-term, after 
the training has stopped.

4.3 Implications
This study had a reasonably sized sample (n=79), and 
used a randomized controlled design, a blind evaluation 
of outcome, and standardized assessment measures. 
Given the methodological strength of the study, the 
unequivocal result that 8 weeks of adjunctive treatment 
with EEG biofeedback enhances the improvement 
in OCD symptoms and cognitive functioning of 
OCD patients being treated with medication and 
psychotherapy is quite robust. But the intervention is 
quite intensive – requiring daily sessions for the patients 
– so additional work is needed to determine whether 
or not the benefit persists after stopping the training 
sessions and, if not, the frequency of booster sessions 
that are needed to maintain the beneficial effects. 
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背景 : 目前对强迫症（OCD）的干预措施往往疗效有限。
目的：评价脑电生物反馈训练作为强迫症患者症状和
认知功能辅助治疗的效果。

方法 : 共 79 名强迫症患者随机分为研究组（n=40）和
对照组（n=39）。对照组服用舍曲林（50 〜 200mg/d）
合并每周一次、连续 8 周的认知行为治疗；研究组采
用相同的方案再加上脑电生物反馈训练，每周 5 次。
由一位单盲于患者治疗状态的精神科医师分别在治疗
前和治疗第 2 周末、第 4 周末、第 6 周末和第 8 周末
采用耶鲁 - 布朗强迫量表（YBOCS）对患者进行评估；
采用重复性神经心理状态成套测验（RBANS）在试验
前和 8 周后对患者进行评估。
结果 : 研究组有 3 例脱落，对照组有 4 例脱落（χ2=0.186, 
p=0.712）。在研究结束时，研究组 37 例中 32 例治
疗 有 效（86.5 ％）， 对 照 组 35 例 中 22 例 治 疗 有 效

（62.9%）（χ2=5.36, p=0.021）。 重 复 测 量 方 差 分 析
表明治疗 6 周时研究组强迫症症状的改善显著大于
对照组。试验结束时，研究组患者的 RBANS 量表所
有 5 个维度的认知评估均显著好于对照组，并且研究
组 YBOCS 评分的变化与 RBANS 总分的变化显著相关
（r=0.43, p=0.007），但在对照组中不相关（r=0.171, 
p=0.327）。
结论 : 该项方法严谨的研究表明，强迫症患者在接受
药物和心理治疗的同时辅以 8 周的脑电生物反馈训练
可显著改善临床症状和认知功能。今后需要进一步开
展工作以评估生物反馈训练的长期效果和初始阶段训
练后强化训练的必要性。
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