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ABSTRACT

Background: The popularity of biofeedback as a non-pharmacological treatment option for insomnia has
increased in recent times despite inconsistent empirical evidence for its therapeutic efficacy.
Objective: The purpose of the current review was to systematically assess the efficacy of using
biofeedback to treat insomnia.
Methods and results: A search of electronic databases (PubMED, MEDLINE, OvidSP, Ovid EMBASE, Psy-
chinfo, The Cochrane Library including Cochrane Reviews), clinical trials databases and registries (Clinical
Trials Database [US], Australian New Zealand Clinical Trials Registry [ANZCTR]) and online journal (eg,
SLEEP, Sleep Medicine) identified 92 studies. Of these, 50 publications were descriptive or review papers
about use of biofeedback for the treatment of insomnia, while an additional 37 did not meet the detailed
inclusion criteria (ie not original research, participants do not meet the diagnostic criteria for insomnia).
Six full-text articles met inclusion criteria and were included in this review. Methodological flaws
including poor study design (small sample size, lack of control group) limit the validity of the body of
work in this field to date and fail adequately to account for other unspecified factors likely to drive the
observed changes, such as care and attention of those administering the treatment, as well as the ex-
pectations and motivations of the patient.
Conclusion: There is an urgent need for future studies to clarify the role of unspecific placebo effects
when reporting biofeedback effects for the treatment of insomnia.

© 2018 Published by Elsevier B.V.

1. Introduction

mood and feelings of anxiety, and difficulty maintaining social re-
lationships [2,3].

Insomnia is the most prevalent sleep disorder, affecting 10—30%
of the population [1]. Insomnia is characterized by a subjective
complaint of difficulty falling asleep, maintaining sleep or non-
restorative sleep coupled with daytime impairment [2]. The impact
of the disorder on the quality of the lives of sufferers is widespread
across both psychological and physiological functioning. Impair-
ments to daytime functioning can be diverse and include fatigue,
problems with cognitive performance, complaints of depressed
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The most common medical treatment for insomnia is pharma-
cotherapy. Of those patients presenting with insomnia, 90% are
prescribed medication, predominantly benzodiazepines [4]. Hyp-
notic medications are simple and quick to prescribe but are not best
practice for durable treatment of insomnia [5], and are associated
with high rates of adverse side effects, as well as the development
of dependence and withdrawal effects following long-term use. A
further plethora of adverse effects include rebound insomnia,
adverse physiological effects and heightened risks of hepatic, renal,
respiratory and cardiac disorders, daytime sedation, cognitive im-
pairments and increased risk of falls in the elderly [6]. Conversely,
non-pharmacological interventions for insomnia produce robust
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and durable therapeutic improvements, extending well beyond the
period of therapy [7—10]. In addition, cognitive behavioral therapy
for insomnia (CBTi) is typically superior to pharmacotherapy at
reducing insomnia severity without the known side effects and
issues of tolerance and dependence with medications [11].
Biofeedback is one of the many non-pharmacological treatment
options for insomnia that has recently increased popularity.

Biofeedback aims to reduce conditioned arousal, particularly in
the form of somatic, cognitive and/or cortical hyper-arousal, which
is a key characteristic of insomnia [12—14]. Cognitive and somatic
hyper-arousal are reflected physiologically at sleep onset and dur-
ing lighter NREM sleep stages with beta and gamma electroen-
cephalographic (EEG) activity [15—17], greater metabolic rate [18],
elevated heart rate and impaired heart rate variability, and elevated
muscle tension [19—22]. In regards to insomnia, biofeedback as-
sumes the elevated frequencies of brain activity and associated
cognitive hyper-arousal can be diminished through the use of
instrumental EEG conditioning of slower frequencies [23]. Simi-
larly, it is assumed that instrumental conditioning can be used to
reduce somatic arousal across a range of somatic domains.

The purpose of this review was to assess the efficacy of biofeed-
back for the treatment of insomnia. To date, two types of biofeedback
have been considered for the treatment of insomnia and their effi-
cacy assessed in insomnia populations. These types of biofeedback
include (1) neurofeedback that comprises theta EEG and/or senso-
rimotor rhythm (SMR) EEG, and (2) electromyography (EMG) feed-
back. Theta feedback is targeted at increasing the power of the theta
rhythm (4—7 Hz). A predominance of theta EEG defines stage 1 sleep,
and has been suggested characteristic of a very deep stage of relax-
ation [24]. It has been proposed that if increasing the power of theta
can be learned, a quicker sleep onset will be facilitated [24]. SMR is
designed to enhance EEG amplitude within the 12—15 Hz range,
which are prominent over the sensorimotor cortex, and inhibit
higher beta (20—30 Hz) power. Oscillations within the 12—15 Hz
range are abundant during light NREM sleep and overlap with the
sleep spindle frequency band. Early research has demonstrated
neurofeedback training of the SMR (12—15 Hz) rhythm in the wake
EEG in cats increased sleep spindle bursts and quiet sleep in addition
to a suppression of motor activity [25]. The present review is the first
to assess the efficacy of neurofeedback training of the SMR rhythm
for improving the sleep of humans suffering insomnia. EMG feedback
is aimed at decreasing muscle tension (or EMG power), and thereby
reducing heightened physiological arousal, which is characteristic of
some types of insomnia, to facilitate the onset of sleep.

2. Method
2.1. Literature search and inclusion criteria

Electronic databases (PubMED, MEDLINE, OvidSP, Ovid EMBASE,
PsychiInfo, The Cochrane Library), clinical trials databases and reg-
istries (Clinical Trials Databases: US clinicaltrials.gov, Australian
New Zealand Clinical Trials Registry) and online journals (eg, SLEEP,
Sleep Medicine) were used to identify and retrieve research articles
assessing the clinical efficacy of biofeedback for the treatment of
insomnia. Relevant articles were also manually identified from the
reference lists of retrieved articles. Biofeedback included neuro-
feedback, comprising theta feedback and/or sensorimotor rhythm
feedback, with or without electromyographic (EMG) feedback. The
search terms used included “Insomnia AND Neurofeedback” and
“Insomnia AND Biofeedback”. Relevant articles were also manually
identified from the reference lists of retrieved articles. Peer-
reviewed articles describing original research and containing at
least one measure of sleep quality, duration, or insomnia severity
were included. All literature was required to assess the clinical

efficacy of biofeedback for the treatment of insomnia, therefore
participants of included studies were required to meet the diag-
nostic criteria for insomnia according to the Diagnostic and Sta-
tistical Manual of Mental Disorders [3] or for earlier studies the
diagnostic criteria relevant at the time of publication. All articles
were published in English and no case studies were included. Study
design was not used as a basis on which to select studies for the
current review. The literature search was conducted on April 27th
2018 and included articles published between January 1970 and
March 2018. The search was developed and conducted by the pri-
mary author (NL). The review was conducted according to the
PRISMA guidelines (ie, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; See Table 1) [26].

3. Results and discussion
3.1. Selection of studies

Fig. 1 shows the flow of the literature search process. The search
identified 93 publications. Of these, 50 publications provided only
general background information about the use of biofeedback for
the treatment of insomnia, while an additional 37 did not meet the
inclusion criteria. The main reasons for exclusion were the absence
of original research (n = 15) and participants who failed to meet
diagnostic criteria for insomnia (n = 15). All reasons for exclusion
are detailed in Fig. 1. A total of only six studies met the inclusion
criteria and were subsequently included in this review. Retrieved
studies were reviewed for eligibility independently by two of the
authors (NL and LL) in an un-blinded and standardised manner in
accordance with the selection criteria. Instances of disagreement
between the reviewers were resolved by consensus.

The quality of the included studies was assessed across six do-
mains of potential bias, including study participation (ie recruited
sample is representative of the population of interest), study attri-
tion, adequate measurement of the prognostic factor, satisfactory
measurement of the outcome variable as well as confounding vari-
ables, and adequate statistical analyses [27]. A list of items, adapted
from Hayden and colleagues [27], was used by the primary author
(NL) to assess each potential opportunity for bias. The six domains of
potential bias and the items used to assess each potential opportu-
nity for bias are described in Table 2 below. Domains were rated as
high risk for potential bias if they study accounted for no or very few
of the items listed, neural risk if the items were partly accounted for,
or low risk if most or all of the items were accounted for. The quality
ratings of the included studies are presented in Table 3. The majority
of studies (n = 5, 83%) accounted adequately for study participation
and measurement of the prognostic factor, with many (n = 4, 67%)
also having measured the outcome variable satisfactorily. Fewer
studies accounted adequately for study attrition (n = 2), measure-
ment of confounding variables (n = 3, 50%), and statistical analyses
(n = 2, 33%). This information was not used in any subsequent data
synthesis but rather to inform the overall quality of the published
literature in this field at the present time.

3.2. Data extraction

For each of the included studies, the characteristics of the par-
ticipants (including age, gender, diagnosis), type of biofeedback
assessed and comparator, study design (including sample size),
follow up period and limitations, and outcome measures for each
diagnostic domain of insomnia, including subjective and objective
sleep quality, perceived severity of insomnia, quality of life and
daytime functioning were extracted. The primary outcome vari-
ables included sleep onset latency (SOL), wake after sleep onset
(WASO), number of awakenings (NWAK), total sleep time (TST),
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PRISMA checklist adapted from Moher et al., [26].

Section/topic # Checklist item Reported on page #

TITLE

Title 1 Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study 2
eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. 3-5

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, 4—6
interventions, comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (eg, Web address), and, if N/A
available, provide registration information including registration number.

Eligibility criteria 6 Specify study characteristics (eg, PICOS, length of follow-up) and report characteristics (eg, years 5-6
considered, language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (eg, databases with dates of coverage, contact with study authors to 5—6
identify additional studies) in the search and date last searched.

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it 5-6
could be repeated.

Study selection 9 State the process for selecting studies (ie, screening, eligibility, included in systematic review, and, if 6—7
applicable, included in the meta-analysis).

Data collection process 10 Describe method of data extraction from reports (eg, piloted forms, independently, in duplicate) and 6—8
any processes for obtaining and confirming data from investigators.

Data items 11 List and define all variables for which data were sought (eg, PICOS, funding sources) and any 7-8
assumptions and simplifications made.

Risk of bias in individual studies 12 Describe methods used for assessing risk of bias of individual studies (including specification of 7
whether this was done at the study or outcome level), and how this information is to be used in any
data synthesis.

Summary measures 13 State the principal summary measures (eg, risk ratio, difference in means). 9

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures N/A
of consistency (eg, I?) for each meta-analysis.

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (eg, publication bias, 11
selective reporting within studies).

Additional analyses 16 Describe methods of additional analyses (eg, sensitivity or subgroup analyses, meta-regression), if N/A
done, indicating which were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons 6, Fig. 1
for exclusions at each stage, ideally with a flow diagram.

Study characteristics 18 For each study, present characteristics for which data were extracted (eg, study size, PICOS, follow- 9, Table 3
up period) and provide the citations.

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 7, Table 3
12).

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data N/A
for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of N/A
consistency.

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). N/A

Additional analysis 23 Give results of additional analyses, if done (eg, sensitivity or subgroup analyses, meta-regression N/A
[see Item 16]).

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider 11-19, 21-22
their relevance to key groups (eg, healthcare providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (eg, risk of bias), and at review-level (eg, incomplete 19-21
retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for 21-22
future research.

FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (eg, supply of data); role of N/A

funders for the systematic review.

time in bed (TIB), sleep efficiency (SE), amount of time spent in each
sleep stage, perceived insomnia severity (as assessed by the
Insomnia Severity Index (ISI) [32]), self-reported quality of life, and
daytime functioning. The primary author (NL) extracted the rele-
vant data relevant, which was confirmed by senior author (LL). Any
disagreements between the authors were resolved via consensus.
It is noteworthy to discuss the distinction between subjective
sleep quality and perceived insomnia severity in assessing the ef-
ficacy of biofeedback. Perceived insomnia severity is considered
separately from self-reported sleep quality to provide a compre-
hensive summary of the efficacy of biofeedback for the treatment of

insomnia rather than poor sleep quality per se. Measurement tools,
such as the Pittsburgh Sleep Quality Index (PSQI), used to assess
self-reported sleep quality tap into sleep disturbance related to a
number of different sleep disorders and are not specific to insomnia
per se.

3.3. Characteristics of included studies
The characteristics of the included studies are summarised in

Table 3. The efficacy of biofeedback was assessed in a total of 143
individuals diagnosed with insomnia across the six studies. Sample
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Potentially relevant citations identified as a result of

the electronic and internet searches

(n=93)

Citations that provided general

background or irrelevant
information

(n=50)

Citations excluded after
application of inclusion criteria

(n=24)

Review papers, no original research
(n=15)

Participants do not meet diagnostic
criteria for insomnia (n=9)

Studies retrieved for more detailed evaluation

(n=19)

Citations excluded after
detailed evaluation

(n=13)

Biofeedback did not comprise theta
EEG/SMR (n=12)

Case study (n=1)

Relevant studies included in the clinical evaluation

(n=6)

Fig. 1. Flow of literature through the search process.

sizes were typically small, ranging from eight to 48 subjects. Follow
up periods varied from two weeks to nine months with a mean
follow up of 5.0 months (SD = 4.01). All studies used an experi-
mental approach with randomisation either between two or more
treatment arms with some studies (n = 3, 50%) also including a no
treatment or sham-conditioning group. Six protocols of biofeed-
back were evaluated in these studies including (1) SMR feedback
(increase sensorimotor rhythm [12—15 Hz] and inhibit higher beta
power [20—30 Hz] at Cz); (2) SMR in combination with EMG; (3)
theta feedback (increase theta power [4—7 Hz]); and (4) an indi-
vidually designed program (normalise amplitudes of delta, theta,
alpha and beta) with or without (5) EMG feedback (decrease EMG
power at Fpz).

3.4. Subjective sleep quality

Each of the six included studies monitored subjective sleep
quality, using either sleep diaries or the PSQI, prior to treatment
and again at follow up. Individually, these studies reported
improved subjective estimates of sleep latency, WASO, NWAK, TST,
and SE following biofeedback [28—30], the lack of a control (no

treatment) group limits the validity of the findings reported in
these studies and does not consider placebo effects as a plausible
explanation for these improvements in sleep quality. Without the
inclusion of a control (no treatment) group, subjective improve-
ments cannot be confidently attributed to the effects of biofeed-
back. Biofeedback may have very high credibility as a treatment for
its apparent physiological intervention, thus having an enhanced
placebo effect size. It is crucial to distinguish the effects of genuine
biofeedback from other non-specific factors that may promote a
positive response, for example participant motivation, expectation
or social support, when assessing the efficacy of biofeedback for the
treatment of insomnia.

This methodological shortcoming has however been addressed
by several of the included studies [23,24,30,31]. In his pioneering
work, Hauri [24] randomly assigned 48 individuals suffering from
insomnia to receive either sensorimotor rhythm (SMR) feedback,
electromyographic (EMG) feedback, combined EMG and theta
feedback, or no treatment (control). Participants received 26
training sessions for SMR and theta feedback and six sessions for
EMG feedback on 2—3 occasions per week. Sleep was monitored
using sleep logs kept by participants in the home environment
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Table 2

Criteria list used for the assessment of the methodologic quality of the included studies, adapted from Hayden et al., [27].

Potential bias

Items considered for assessment of potential bias

Study participation
The study sample represents the population of interest on key
characteristics, sufficient to limit potential bias to the results

Study attrition

Loss to follow-up (from sample to study population) that is not
associated with key characteristics (ie, the study data adequately
represents the sample), sufficient to limit potential bias.

Measurement of the prognostic factor
The prognostic factor of interest is adequately measured in study
participants to sufficiently limit potential bias.

Outcome measurement
The outcome of interest is adequately measured in study participants to
sufficiently limit potential bias

Confounding measurement and account
Important potential confounders are appropriately accounted for,
limiting potential bias with respect to the prognostic factor of interest

Statistical analyses
The statistical analysis is appropriate for the design of the study, limiting
potential for presentation of invalid results

e The population of interest is adequately described for key characteristics.

The sampling frame and recruitment are adequately described including methods
used to identify the sample, and the period and place of recruitment.

Inclusion and exclusion criteria are adequately described.

e There is adequate participation in the study by eligible individuals.

e The baseline study sample is adequately described for key characteristics.

e Response rate (ie, proportion of study sample completing the study and providing

outcome data) is adequate.

Attempts to collect information on participants who dropped out of the study are

described.

e Reasons for loss to follow-up are provided.

e Participants lost to follow-up are adequately described for key characteristics.

e There are no important differences between key characteristics and outcomes in
participants who completed the study and those who did not.

A clear definition or description of the prognostic factor measures is provided

(eg, duration of exposure, clear description of the method of measurement).

Continuous variables are reported or appropriate (ie, not data-dependent) cut-points

are used.

e The prognostic factor measure and method are adequately valid and reliable to limit
misclassification bias.

e Adequate proportion of the study sample has complete data for prognostic factors.

e The method and setting of measurement are the same for all study participants.

e Appropriate methods are used if imputation is used for missing prognostic factor data.

A clear definition of the outcome of interest is provided, including duration of follow-up
and extent of the outcome construct.

e The outcome measure and method used are adequately valid and reliable to limit
misclassification bias.

The method and setting of measurement are the same for all study participants.

All important confounders (including key variables in conceptual model) are measured.

e Clear definitions of the important confounders measured are provided (eg, including

dose, level, and duration of exposures)

Measurement of all important confounders is adequately valid and reliable.

e The method and setting of confounding measurement are the same for all study
participants.

e Appropriate methods are used if imputation is used for missing confounder data.

e Important potential confounders are accounted for in the study design (eg, matching

for key variables, stratification, or initial assembly of comparable groups).

Important potential confounders are accounted for in the analysis.

There is sufficient presentation of the data to assess the adequacy of the analysis

e The strategy for model building (ie, inclusion of variables) is appropriate and is based
on a conceptual model or framework.

The selected model is adequate for the design of the study

e There is no selective reporting of results.

prior to treatment and again at nine-month follow up. Participants
who received SMR, EMG feedback, and the combination, all re-
ported improvements in sleep at follow-up. However, these im-
provements did not differ significantly from the control (no
treatment) group. The considerable amount of work and commit-
ment on behalf of the participants in this study protocol may also
enhance the expectation and placebo effects.

Despite this non-significant finding, Hauri [24] reported an
interaction between treatment type and the type of insomnia. To
further investigate this observation, participants in each of the
three treatment groups were ranked according to self-reported
tension at pre-treatment. Participants who were more tense prior
to treatment, received the most benefits to self-reported sleep from
EMG biofeedback. A similar pattern of results was reported for the
EMG-theta group. In the SMR biofeedback group, those participants
who were least tense at pre-treatment received the greatest ther-
apeutic effect. It is worth noting, this post hoc finding was limited as
it could not be evaluated statistically and may simply reflect the

chance that one of many pre-treatment measures differentiates
treatment efficacy. This finding would be best evaluated with a new
study in which self-reported tension is a selection criteria prior to
randomisation to either the appropriate treatment, inappropriate
treatment or no treatment control.

The following year, Hauri et al's [30] group attempted to repli-
cate the earlier findings. Sixteen individuals (mean age = 48.8
years) diagnosed with psychophysiological insomnia were
randomly assigned to either SMR or theta feedback. Sleep was
monitored immediately before treatment, after treatment and
nine-months later. Sleep logs indicated increased total sleep time
and decreased sleep onset latency for both SMR and theta feedback
groups, improvements that were maintained at follow up
(p = 0.005). Based on their earlier findings, the sample was split
into ‘relaxed’ and ‘tense’ individuals, based on ratings of psycho-
logical anxiety [33] and physiological arousal (average EMG level
over 1-minute assessed 5-minutes following lights out time during
the initial three-night laboratory stay) assessed at pre-treatment.



Table 3
Characteristics of included studies.

Study Study Design Intervention Number of Patients Patient details Comparator Follow-Up Limitations Study quality ranking®
Cortoos et al. [28] Randomised SMR feedback (increase N=17 Insomnia (mean Nil Two weeks Small sample size, short Participation +
sensorimotor rhythm [12—15 Hz] = SMR feedback N = 9 age 42.7 years, 65% term follow up, no Attrition -Prognostic
and inhibit theta power [4—8 Hz] = EMG feedback N = 8 male) control group factor +
and higher beta power [20—30 Hz] Outcome measure +
at Cz. Confounders +
EMG feedback (decrease EMG Statistical analysis +
power at Fpz).
Training sessions 4 x 5mins every 2
—3 weeks for eight weeks.
Hammer et al. [29] Randomised SMR feedback (increase of N=38 Insomnia (mean Nil 6—9 months.  Small sample, no Participation +

Hauri [24] Randomised

Hauri et al. [30] Randomised

Schabus et al. [23] Randomised, within-
subjects

counterbalanced

Schabus et al. [31] Double-blind cross over
design,

counterbalanced

sensorimotor rhythm (12—15 Hz)
and inhibition of excessive theta (4
—8 Hz) and high beta (25—30 Hz).
Individually designed program
(normalise amplitudes of delta,

theta, alpha and beta).

Training session 15 x 20 mins
SMR feedback (increase of
sensorimotor rhythm (12—15 Hz)
and inhibition of excessive theta (4
—8 Hz) and high beta (25—30 Hz).
EMG feedback (decrease EMG

power).

Combined EMG and theta feedback
(increase theta power [4—7 Hz]).
SMR feedback (increase of
sensorimotor rhythm (12—15 Hz)
and inhibition of excessive theta (4
—8 Hz) and high beta (25—30 Hz).
Theta feedback (increase theta

power [4—7 Hz]).

Training 26 sessions for SMR and
Theta feedback, 6 sessions for EMG.
SMR feedback, (enhance EEG
amplitude within the 12—15 Hz

range)

10 training sessions (8 x 3 min

each)

SMR feedback (enhance EEG
amplitude within the 12—15 Hz

range)

12 training sessions (8 x 5 min

each)

SMR feedback N = 5
Individually designed
protocol group

N=3
N =48
N =16

SMR feedback N = 8
Theta feedback N = 8

N=24

N =30

age 49.6 years)

Insomnia No treatment
(control)
Insomnia (mean Nil

age 48.8 years)

Insomnia (mean

age 34.5 years) training

Insomnia (mean

age 38.6 years) training

Nine months.

Nine months

Sham-conditioning 2—4 weeks

control group, ISI only
at follow up.

Subjective reports of
sleep quality

Small sample size, no
control group

Follow up no EEG, no
long term follow up.
PSG assessment
following first
treatment also served
as pre assessment for
the subsequent
treatment.

Sham-conditioning Three months Two week retrospective

assessment of
subjective sleep quality.
Control group included
but did not undergo
SMR or sham-
conditioning training

Attrition +
Prognostic factor +
Outcome measure +
Confounders —
Statistical analysis +

Participation +
Attrition +
Prognostic factor +
Outcome measure +
Confounders +
Statistical analysis +

Participation +
Attrition +
Prognostic factor +
Outcome measure +
Confounders +
Statistical analysis +

Participation +
Attrition —
Prognostic factor +
Outcome measure +
Confounders +
Statistical analysis +

Participation +
Attrition —
Prognostic factor +
Outcome measure +
Confounders +
Statistical analysis +

2 Quality ratings are based on the scale developed by Hayden et al., [27] and scored across the following domains study participation, study attrition, prognostic factor measurement, outcome measurement, confounding

measurement, and analysis. + indicates low probability of bias, + indicates neutral probability of bias, and — indicates high probabilty quality.
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Significant improvements in sleep latency and efficiency from pre-
treatment to follow up, as assessed by sleep logs, were reported by
both ‘tense’ and ‘relaxed’ individuals irrespective of whether they
received SMR or theta feedback. However, the lack of a control (no
treatment) group, and participant selection based on self-reported
tension, leaves the efficacy of SMR and theta feedback as well as any
differential treatment efficacy based on self-reported tension,
unresolved.

More recently, Schabus et al., [23] compared the sleep of 24
individuals with insomnia (mean age = 34.5 years) following SMR
and sham-conditioning training (enhance EEG amplitude for ran-
domized 3 Hz frequency bins between 7 Hz and 20 Hz [except
12—15 Hz]) using a randomised, counterbalanced, within-subjects
design. Participants received a total of 15 training sessions, 10 for
SMR and five for the sham-conditioning. Each training session was
conducted in a standardized manner with participants completing
8 x 3 minute trials in the laboratory under the supervision of
research staff. Improvements in subjective sleep quality were
observed (t3 = 7.75, p < 0.001), however, these improvements did
not differ following SMR when compared to sham-conditioning
training. Notably, Schabus et al.,, [34]| reports participants felt
more socially supported when they received biofeedback,
compared to sham-conditioning, in his earlier work [23] which
suggests non-treatment specific factors may account for the
observed improvements in subjective sleep quality.

Schabus et al., [31] later published a replication of their earlier
work using a double-blind, counterbalanced, cross-over study
design. SMR and sham-conditioning training (enhancement of
random frequency ranges between 7 Hz and 20 Hz [except
12—15 Hz]) was administered to 30 individuals diagnosed insomnia
(mean age = 38.6 years). Patients received a total of 24 training
sessions, 12 sessions each for SMR and sham-condition training.
The training sessions comprised 8 x 5 minute trials conducted
under the supervision of research staff in a standardized manner.
Although subjective sleep complaints decreased significantly
following SMR, this decline was not specific to SMR and did not
differ significantly when compared to sham-conditioning training
(F121 =0.17,p = 0.69, np? = 0.008). Subjective total sleep time and
sleep onset latency remained unchanged following both SMR and
sham-conditioning training.

3.5. Objective sleep quality

Hauri and colleagues [24] were the first to assess objective sleep
quality when evaluating the efficacy of biofeedback. No significant
improvements were observed in any objective measure of sleep as
measured by polysomnography (PSG) following either SMR or theta
feedback for the group. Based on their earlier findings [35], the
sample was split into ‘relaxed’ and ‘tense’ individuals (as described
previously) [30]. Significant improvements in objective sleep la-
tency, TST and SE were observed but only when individuals
received the biofeedback that was appropriate for their level of
reported arousal. Individuals who rated themselves as ‘relaxed’
showed objective therapeutic benefits in response to SMR but not
theta feedback, while the contrary was demonstrated for the ‘tense’
individuals. These improvements were maintained at nine-month
follow up. Although the improvements were typically modest
(10-min reduction in SOL, 30-min improvement in TST, 5% increase
in SE), they are promising given objective measures of sleep quality
and duration usually show little change with treatment [10].

Since the pioneering work of Hauri [24], biofeedback has been
reported to improve objective sleep onset latency, number of
awakenings, duration of slow wave sleep and total sleep time
[23,28]. Cortoos and colleagues [28] randomised 17 participants to
receive either SMR or EMG feedback. Both groups received 20-

minutes (4 x 5 min) of training every 2—3 weeks for a total dura-
tion of eight weeks in their home environment. Laboratory-based
PSG was used to assess sleep at pre-treatment and two weeks
following treatment. Significant improvements were shown for
sleep latency, which decreased from pre to post treatment in both
groups (F115 = 10.56; p = 0.01; r = 0.41), but a significant interac-
tion effect demonstrated an increase in TST was only found for the
SMR group (Fy15 = 5.03; p = 0.05; r = 0.25). The magnitude of these
improvements is unclear due to the omission of mean values
included in the published paper. The inclusion of a sham-
conditioning control group is particularly important within the
biofeedback arena where the sophisticated appearance of the
hardware and scientific plausibility can contribute to high placebo
effect. Additionally, the lack of a no treatment control group limits
any firm conclusions about the efficacy of SMR without accounting
for the potential role of non-treatment specific effects.

Schabus et al., [23] assessed the objective sleep of 24 individuals
following SMR and sham-conditioning training using a randomized,
within-subjects design with the order of conditions counterbalanced.
They reported a trend towards improvement in objective sleep onset
latency. Improvements in the number of awakenings (Fy40 = 4.03,
p = 0.025) and duration of slow wave sleep (F, 40 = 4.24, p = 0.021)
following SMR when compared to sham-conditioning were also
demonstrated. However, both the number of awakenings and dura-
tion of slow wave sleep showed a reversal when the other condition
was administered. The remainder of objective sleep outcome vari-
ables assessed remained unchanged following SMR and did not differ
from sham-conditioning. The failure of the application of any mul-
tiple comparisons corrections (at least 14 separate statistical tests
were used) and the use of 1-tailed probability limit the interpretation
of the improvements reported in number of awakenings and dura-
tion of slow wave sleep following SMR.

Schabus et al., [31] aimed to replicate their earlier work adopt-
ing a rigorous double-blind, counterbalanced, cross-over study
design to overcome the limitations of earlier work. Objective sleep
parameters, including SOL, WASO, NWAK, TST, TIB, SE, and per-
centage of each sleep stage (N1—N3 and REM), were assessed prior
to and following SMR and sham-conditioning training in a group of
30 individuals with insomnia. No significant changes were
observed in any measure of objective sleep following SMR or sham-
conditioning training. These results suggest the positive findings
that have been reported for SMR in the earlier single-blind study of
Schabus et al., [23] are likely not specific to SMR but may be
attributed to other non-treatment specific effects such as care,
attention and support from research staff. In fact, Schabus reports
participants felt more socially supported when they received
biofeedback, compared to sham-conditioning, in their earlier pro-
tocol. This lends support to the role of other non-treatment specific
effects in the observed positive findings in their initial work.

3.6. Quality of life and daytime functioning

The assessment of quality of life and daytime functioning
following the use of biofeedback is limited. Of the included studies,
only three included outcome measures of quality of life and day-
time functioning [23,29,31]. The work of Hammer and colleagues
[29] and Schabus et al., [23] demonstrated significant improve-
ments in overall quality of life following both SMR and an indi-
vidualised treatment program (aimed at normalizing amplitudes of
delta, theta, alpha and beta). Despite the limited number of studies
assessing changes in quality of life, support for the use of
biofeedback for the improvement of self-reported quality of life is
provided. In two separate studies, Schabus and colleagues [23,31]
investigated the use of SMR for memory consolidation using a
declarative word-pair association task [36,37].
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3.7. Perceived insomnia severity

To date, Hammer and colleagues [29] have been the only group
to assess the efficacy of biofeedback for improving perceived
insomnia severity. Eight individuals diagnosed with insomnia were
randomized to receive SMR (n = 5) or an individually designed
treatment program (n = 3). The individually designed treatment
program aimed at normalising abnormal amplitudes of delta, theta,
alpha and beta, in addition to asymmetry, coherence and phase lag
between the EEG sites, as determined by z-scores derived from pre-
treatment qualitative EEG. Each group received 20-minute training
sessions on 15 occasions under the supervision of the investigators.
Perceived insomnia severity was assessed using the Insomnia
Severity Index (ISI) [32] at pre- and post-treatment as well as 6—9
months later. Significant reductions in the ISI were demonstrated
from pre- (M = 17.1, 95%CI = 15.7—18.5) to post-treatment (M = 6.6,
95%CI = 5.9-7.2). At post-treatment, all eight completers scored
below the clinical cut-off (ISI < 10) for insomnia. The six partici-
pants who completed the study sustained these improvements at
follow up with a mean ISI score of 7. However, there were no sig-
nificant differences between SMR and the individually designed
treatment program groups. It is worth noting the frequency and
intensity of individual contact employed in this study was likely to
maximise the placebo effect. Without a control group, placebo ef-
fects are unable to be differentiated from the potential therapeutic
effects of SMR or the individually designed treatment program.

3.8. Limitations and future research directions

The limitations of the current review should be considered
when interpreting these outcomes. A total of 93 publications were
identified on the topic of biofeedback for the treatment of
insomnia, yet only six fulfilled criteria for inclusion in this review.
The large majority of published literature provides general back-
ground information about the proposed mechanisms involved in
biofeedback, historical accounts of biofeedback, or reviews other
datasets without the inclusions of any original research. Further-
more, of the peer reviewed original research publications retrieved,
many did not assess the efficacy of biofeedback using an appro-
priate sample (ie, participants meeting the diagnostic criteria for
insomnia according to the Diagnostic and Statistical Manual of
Mental Disorders [3] or for earlier studies the diagnostic criteria
relevant at the time of publication). This is an essential requirement
when establishing the efficacy of biofeedback for the treatment of
insomnia disorder. Study design was not used as a basis to select
studies for inclusion into the current review. The authors
acknowledge that limiting the review to the results of randomised
controlled trials (RCTs) on biofeedback would be ideal, but at pre-
sent published RCTs are rare. It is recognised that publication bias
may play a role in supporting the notion that biofeedback is an
efficacious treatment for insomnia simply because negative find-
ings are likely under-represented in the published literature
[34,38,39]. The authors acknowledge a meta-analysis of these
studies would be ideal, however the limited number of published
papers resulted in fundamental difficulties in doing so including
extremely small sample sizes in each group, and a general lack of
control groups accounting for unspecific effects.

There is a fundamental need to improve study designs to
advance this field, particularly to understand the neural mecha-
nisms involved and develop optimal administration protocols. The
use of rigorously controlled studies, ideally double-blind designs,
including plausible placebo controls [34,38,40—43]. Sham-
conditioning would be ideal. The inclusion of objective data is
required to assess the efficacy of different types of biofeedback [40].
The wuse of double-blind designs incorporating functional

electroencephalography (EEG) and Magnetic Resonance Imaging
(MRI) to demonstrate systematic changes in the brain in response
to different types and administration protocols of biofeedback, and
the use of machine learning to promote a more accurate and
descriptive understanding of neural signatures of key mental states
is encouraged [34,39]. Another possible consideration for future
research is a re-evaluation of the types of bio-feedback used for the
treatment of insomnia. There may be other possible candidate
protocols which may well offer greater possible benefits for sleep
(eg, increased HR variability, increasing alpha amplitude followed
by increased theta, increasing alpha followed by hypnagogic im-
agery, etc.).

Future research is also urged to carefully consider the type of
control group used [41]. Of the few studies that have included a
control group, most involve ‘replaying’ the biofeedback received by
a participant to a participant in the control condition [34]. Schabus
[34] highlights this type of control group is highly problematic as it
promotes learned helplessness. Over extended periods, partici-
pants in the control group learn they have no control over the
feedback they receive likely inducing negative training effects in
the control participants. Ideally the feedback given to the control
group and active treatment group should be closely matched as
demonstrated in Schabus and colleagues [31] most recent study.
Ideally, protocols should be designed to include not only the active
biofeedback group, but also a credible placebo (active control) and
an inactive control (no feedback/scientific apparatus [44], contact
with research staff etc.). The best example of this ideal scenario is
demonstrated in the recent work of Schabus and colleagues [31]
who used a rigorous double-blind, counterbalanced, cross-over
study design including an active biofeedback group and an active
control. The inclusion of an inactive control in future protocols
would further strengthen conclusions about the efficacy of
biofeedback and undoubtedly rule out the possibility of any placebo
or non-specific treatment effects [39]. Of course the costs of
including this control arm would need to be weighed against the
potential addition of scientific value in terms of the outcomes. As
suggested by Thibault and colleagues [41], other factors likely to
influence behavioural changes (eg, the amount of positive feed-
back) should also be matched between the active and control
group. The assessment of non-specific treatment factors, including
motivation, sense of control over the signal, confidence in the
therapeutic effects of the protocol and believed group assignments,
are also required to confirm the effectiveness of the control groups
[38,40,41,45]. The field is also encouraged to work to develop
standardization for data acquisition and analysis, and pre-register
studies and main hypotheses [34,38,39].

4. Conclusions

Despite the 36-year history of biofeedback for the treatment of
insomnia, there are very few investigations and well-designed
experimental studies. Although improvements in sleep, quality of
life and daytime functioning, and perceived insomnia severity are
demonstrated in some studies, poor study design (small sample
size, lack of control group) ultimately limits confidence in the
strength of evidence for a therapeutic effect of biofeedback for
insomnia and leaves open the possibility of a potential role of
placebo effects [38—40,42,43,46]. Of the six studies reviewed, the
recent work of Schabus and colleagues [32] utilized a sound study
design and in doing so provides promising support for the use of
SMR for the treatment of insomnia but cautions the therapeutic
effects may not be specific to SMR but other unspecified factors
likely to drive the observed changes, such as care and attention of
those administering the treatment, as well as the expectations and
motivations of the patient [39,45,46]. Hauri and colleagues [24,30]
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have suggested that biofeedback may be beneficial for certain sub-
types of insomnia. The confirmation of the ideas of Hauri and col-
leagues is an avenue ripe for future research ideally explored with
multisite studies using experimental designs whereby patients are
randomised on the basis of self-reported tension to either the
appropriate treatment, inappropriate treatment or no treatment
control.
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