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Objective: The objective of this prospective pilot study was to examine the effects of a

novel non-pharmacological device (BioBoosti) on insomnia symptoms in adults.

Methods: Subjects with chronic insomnia were instructed to hold the device in each hand

for 8 mins for 6 cycles on a nightly basis for 2 weeks. Outcomes tested included standardized

subjective sleep measures assessing sleep quality, insomnia symptoms, and daytime sleepi-

ness. Sleep was objectively quantified using electroencephalogram (EEG) before and after 2

weeks of treatment with BioBoosti, and wrist actigraphy throughout the study.

Results: Twenty adults (mean age: 45.6±17.1 y/o; range 18–74 y/o) were enrolled in the

study. No significant side effects were noted by any of the subjects. After 2 weeks of

BioBoosti use, subjects reported improved sleep quality (Pittsburgh Sleep Quality Index:

12.6±3.3 versus 8.5±3.7, p=0.001) and reduced insomnia symptoms (Insomnia Severity

Index: 18.2±5.2 versus 12.8±7.0, p<0.001). Sleepiness, as assessed by a visual analog

scale, was significantly reduced after treatment (5.7±2.8 versus 4.0±3.3, p=0.03).

Conclusion: BioBoosti use yielded an improvement in insomnia symptoms. Larger pla-

cebo-controlled studies are needed to fully assess efficacy.

Keywords: insomnia, non-pharmacological treatment, sleep quality, actigraphy,

electroencephalography

Introduction
Approximately one-third of the general population has experienced at least transient

insomnia, while 10% of the population has chronic insomnia.1 Insomnia is fre-

quently associated with loss of productivity, poor health outcomes, and high health

care utilization.2 Although a wide range of pharmacological treatments are avail-

able for the treatment of insomnia, many patients develop tolerance or find them

either ineffective or intolerable due to side-effects. Moreover, treatment of older

individuals or patients with multiple comorbidities can be even more challenging,

due to drug–drug interactions and adverse effects.

The use of a safe, non-pharmacologic treatment for insomnia has gained much

attention in recent years. In addition to improving insomnia, such treatments may

also better align with patient safety and preferences to avoid pharmacological

therapies.

Cognitive behavioral therapy for insomnia (CBTi) is commonly recommended

as first-line treatment, as it is effective and avoids the hazards of pharmacological

treatment. Several recent meta-analyses have evaluated efficacy and confirm its

efficacy3,4 both for short term and for long term. While it is the first-line treatment

in our practice, a sizable number of patients refuse, citing either lack of insurance
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coverage, or variable logistics reasons related to the travel

to appointments, technical challenges with online systems,

long wait for appointments with a therapist, lack of time,

etc. Others report insufficient/partial response. Due to the

large prevalence of insomnia, many patients still need

other nonpharmacological treatment methods.

Various other methods for treatment of insomnia have

been researched. For example, eye movement desensitiza-

tion reprocessing has been tried for treatment of insomnia

associated with posttraumatic stress disorder.5 Another

recently used method used temperature regulation.6 Yet

another method uses direct current stimulation.7

BioBoosti is a device that emits pulsed electromagnetic

fields.8 According to the information from the manufactur-

ing company, Bioboosti’s main intended use is to systemi-

cally increase microcirculation across the entire body. The

device pulsed electromagnet field (PEMF) to which stimu-

lates endothelial cells and red blood cells by changing the

cell surface charges and thus improves perfusion.9 Having

been found to be safe, the Bioboosti went to market in

China as a State Food and Drug Administration (SFDA)-

approved Class 2 device based on the clinical studies

carried out on hypertension from 2011 to 2014. After

2014, 28,000 units have been sold for treatment of hyper-

tension without any significant risks associated with the

use of the device. Improvement of sleep was volunteered

as a subjectively reported observation among participants

in this intramural research, as well as customers who have

purchased the device. These reposts were not collected

systematically, however, and we are the first to actually

examine this issue systematically for either subjective

effect and any objective sleep data. Thus, this study was

guided mainly by empiric report and designed to screen

for effect. Given the complexity of insomnia, it would not

have been realistic to perform any hemodynamic measure-

ments that explain the mechanism of action step by step.

Despite the lack of specific data of the mechanism by

which BioBoosti affects sleep, this was considered a priority

for investigation, due to the high prevalence and comorbidity

of insomnia, which sometimes makes treatment challenging

either due to contraindication of a specific medication class

or even elements of CBTi. Examples of medications contra-

indications include use of benzodiazepines in a patient with

cognitive impairment,10 or some due to concerns for interac-

tions, such as potential for some antidepressants to provoke

manic symptoms in a patient with depression,11 or interaction

with antidepressants.12,13 Furthermore, there are many exam-

ples of serendipity leading to therapeutic advances. For

instance, the therapeutic effects of valproic acid were dis-

covered after an observation that different antiepileptic med-

ications that were diluted in this substance were all effective.

It was subsequently confirmed that the therapeutic agent is

not any of the investigated drugs, but the diluting agent

(valproic acid).14 With other therapeutic interventions, the

proposed mechanism of action is broad or nonspecific – such

as with vagal nerve stimulation.15 Many such treatments

have become widely accepted as medical standards over the

years, partly because the need for one more treatment super-

seded the need for a mechanistic explanation. Therefore,

although we did not have any mechanism-based hypothesis,

we designed the current study as a prospective pilot trial, with

the aim of obtaining preliminary efficacy results, and deter-

mine treatment feasibility and any effect size to guide a more

thorough investigation if indicated. With this aim, we tested

the efficacy of BioBoosti on insomnia symptoms in adults

with chronic insomnia.

Methods
This study was approved by the Brigham and Women’s

Hospital Institutional Review Board (Human Subjects

Committee). Participants provided written informed con-

sent, and the study was conducted in accordance with

the Declaration of Helsinki. After informed consent, the

subjects with a diagnosis of chronic insomnia based on

the International Classification of Sleep Disorders-3

criteria1 were recruited for the study. The diagnosis

was confirmed by a board-certified sleep medicine phy-

sician, who also confirmed that prospective participants

met inclusion and exclusion criteria. The participants

with shift work disorder, recent transmeridian travel,

untreated medical or psychiatric disorders, untreated

sleep apnea, and pregnancy were excluded, as the safety

of BioBoosti in these conditions is unknown. Since this

is a pilot study and we did not have any preliminary

data of any subtype of insomnia more likely to benefit

from this treatment, we did not limit the participation to

any insomnia subtype and did not exclude comorbid

sleep disorders, provided they were already treated and

controlled at the time of enrollment. We also did not

have adequate preliminary data to determine the optimal

sample size. Thus, our efforts were focused on deter-

mining any effect size in a non-blinded manner to ade-

quately conduct future placebo-controlled studies.

As seen in the study schema (shown in Figure 2),

treatment consisted of placing the BioBoosti device at

the center of the palm for 8 mins using the devices’
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built-in timer. Participants were instructed to hold the

device for six 8-min cycles prior to initiation of habitual

sleep. Participants were instructed to make no change in

any medication intake or schedule during the study.

Outcomes tested were subjective measures including a

sleep log (nightly) and the following standardized instru-

ments: The Insomnia Severity Index (ISI) which is com-

posed of seven items assessing the perceived severity of

difficulties initiating sleep, staying asleep, and early morn-

ing awakenings, satisfaction with current sleep pattern,

interference with daily functioning, noticeability of

impairment attributed to the sleep problem, and degree of

distress or concern caused by the sleep problem.16,17 The

Pittsburgh Sleep Quality Inventory (PSQI) is a self-rated

questionnaire which assesses sleep quality and distur-

bances over a 1-month time interval. Nineteen individual

items generate seven “component” scores: subjective sleep

quality, sleep latency, sleep duration, habitual sleep effi-

ciency, sleep disturbances, use of sleep medication, and

daytime dysfunction. The sum of scores for these seven

components yields one global score.17,18 Karolinska

Sleepiness Scale (KSS) measures the subjective level of

sleepiness at a particular time during the day. On this

scale, subjects indicate which level best reflects the psy-

cho-physical state experienced in the last 10 mins. The

KSS is a measure of situational sleepiness.19,20 The

Epworth Sleepiness Scale (ESS) is a self-administered

questionnaire with 8 questions. Respondents are asked to

rate, on a 4-point scale (0–3), their usual chances of dozing

off or falling asleep while engaged in 8 different activities.

The ESS score (the sum of 8 item scores, 0–3) can range

from 0 to 24. The higher the ESS score, the higher that

person’s average sleep propensity in daily life (ASP) or

their “daytime sleepiness”.21 A visual analog scale for slee-

piness is used as well which is essentially a diary card that

measures changes in patients’ sleep quality in clinical trials

and practice. They are useful due to their ability to measure

the correlation between objective measurements and sub-

jective complaints in a patients’ sleep quality.22

Objective assessments
Sleep was quantified using ambulatory EEG recordings

(24‒72 hrs, with standard 10–20 EEG electrodes, and

added chin electromyography and electrooculography

channels), performed before and after BioBoosti treatment.

Sleep stages were scored visually according to current

criteria.23 For each subject, sleep architecture variables,

including total sleep time, wake after sleep onset, and

sleep stage duration, were averaged over the 24‒72 hrs

for the baseline and follow-up periods separately.

We also examined whether there is a “first night effect”

(the first night of sleep is generally lighter and more

fragmented compared to the following nights) by compar-

ing sleep architecture measures on the first and third nights

of recording. A subset of subjects (n=14) also wore a wrist

actigraphy device throughout the entire study period.

Actigraphy-based sleep measures included total sleep

time, sleep latency and efficiency, wake after sleep onset,

and number of awakenings.

As a screening measure, we measured 24-hr cortisol

and catecholamine excretion.

Statistical analysis
Objective and subjective sleep measures at baseline and after

2 weeks of treatment with BioBoosti were compared using

paired sample t-test or Wilcoxon paired test. Spearman cor-

relation was also performed to examine the relationships

between the improvement in insomnia symptoms and objec-

tive sleep measures (actigraphy and EEG sleep architecture).

To assess the possibility of a “first night effect”, we compared

sleep architecture variables between the first and third night

of the 72 hrs recording using paired sample t-tests or their

non-parametric equivalent (Wilcoxon paired test). Statistical

significance was set at p<0.05.

Results
The recruitment process is presented in Figure 3.

Of 202 subjects who expressed interest, 20 subjects were

enrolled in the study and 17 completed all component includ-

ing both baseline and post-treatment ambulatory sleep EEG,

and all questionnaires and wrist actigraphy. Twenty indivi-

duals with chronic insomnia (mean age: 45.6±17.1 y/o; range

18–74 y/o; 16 women) completed the questionnaires and

sleep log portion of the study, as well as baseline EEG.

Three participants did not complete the post-treatment EEG

because of discomfort from the electrodes, and thus 17 sub-

jects were included in the EEG sleep architecture analysis.

Eleven subjects (55%) had previously failed more than one

hypnotic medications. Comorbid sleep disorders included

obstructive sleep apnea (on CPAP) in six, Restless legs

syndrome in two (on treatment). None reported any adverse

effects related to device use.

After 2 weeks of treatment with BioBoosti, subjects

reported significant improvements in several insomnia mea-

sures (Figure 1), including a statistically significant decrease

in insomnia severity scores (ISI) by 5.4 points (p<0.001) and
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improvement of sleep quality scores (PSQI) by 4.1 points

(p=0.001) after treatment. Subjective sleepiness, as measured

by a visual analog scale, significantly improved by a mean of

1.7 points (p=0.03) following BioBoosti use, while changes

on the ESS did not reach statistical significance. Mean total

sleep time, as measured by the sleep logs, increased on

average by 30 mins (p=0.03) in the second week of

treatment.

As delineated in Figure 1, actigraphy-based sleep mea-

sures demonstrated a trend for improvement in time spent

awake after sleep onset (WASO), with a mean reduction of

12 mins (p=0.07) following treatment. EEG sleep mea-

sures also indicated a trend for increased percentage of

slow wave sleep (p=0.06) after treatment.

We found a significant positive correlation between

changes in ISI scores and number of awakenings post-treat-

ment as measured by actigraphy, indicating that improved

subjective insomnia complaints are associated with a more

consolidated sleep following BioBoosti use (r =0.49, p=0.04;

Table 1).

In the subset of subjects with 72 hr of EEG recordings

(n=9), there was no significant difference in any sleep

architecture measures from night 1 to 3, indicating no

first night effect.

Cortisol and catecholamine excretion did not change

after treatment.

Discussion
Although this was a pilot study, we found a considerable

improvement of insomnia symptoms and of sleep quality

following 2 weeks of treatment with BioBoosti in 20 adults

with chronic insomnia. Sleep time, as measured by sleep logs

increased by 30 mins on average in the second week of treat-

ment, a clinically significant increase that compares to hypno-

tics, such as Ambien24 and cognitive behavioral therapy for

insomnia.25 Further, there were both clinically and statistically

significant improvements in insomnia symptoms as measured

by the ISI and by the PSQI that were comparable to improve-

ments seen by web-based cognitive behavioral therapy for

insomnia.26 Additionally, there was a statistically significant

improvement in insomnia symptoms, as measured by the ISI,

that was comparable to improvements seen with web-based

cognitive behavioral therapy for insomnia27 as well as by sleep

coaches.25 Finally, BioBoosti treatment led to improved day-

time sleepiness, as assessed by a visual analog scale.

Sleepiness scores also appeared improved on the ESS and

numerical KSS but did not reach statistical significance. This

Bioboosti

Figure 1 Bioboosti device.

Two-week bioboosti
treatment

Post-
treatment
sleep
assessment

Baseline
sleep
assessment

1) Subjective (ISI, PSQI);

1) Subjective (ISI, PSQI);

2) Objective (ambulatory EEG with PSG
montage)

2) Objective (ambulatory EEG with PSG
montage)

Figure 2 Study schema. The structure of the study was as follows: (A) Baseline

measurements: 1) 72-hr continuous EEG. 2) Actigraphy. 3) Diaries. (B) treatment

period – 2 weeks, with continuous actigraphy and daily sleep log. (C) post-treat-

ment: 72-hr EEG; sleep log and questionnaires.

-Potential subjects
were recruited through

the brigham and
women’s faulkner

sleep clinic

Subject is screened,
then asked to enroll if

inclusion criteria is
met.

-202 total potential
subjects were

contacted/expressed
interest in the research

study.

Subject consents to
participate and begins

enrollment.

Subject completes
study

-17 subjects
completed the entire

study. 3 subjects
dropped out.*

- 20 subjects enrolled
into the study. *Reasons for drop out:

logistics, unable to do
second test, EEG

uncomfortable

Potential subject
shows interest.

Figure 3 Recruitment flow. The structure of recruitment was as follows: (A) Potential subject shows interest in the research study. (B) Subject is screened and then invited

to enroll if criteria is met. (C) Enrollment. (D) Completion/termination of study.
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is likely due to the nature of the visual analog scale, whichmay

be more sensitive to day-to-day change, while the KSS and

ESS consist of numeric estimations of the level of sleepiness or

likelihood to sleep in different situations.

Objective sleep measures also demonstrated trends

towards an increase in slow wave sleep and a reduction of

nocturnal awakenings after BioBoosti use. There was a great

variation in the proportion of slow wave sleep, both at base-

line and follow-up, whichmay be influenced by the relatively

large age range of the subjects. As aging is associated with

decreased deep sleep, this may have contributed to the loss of

statistical power to reach significance.

The major limitations of this pilot study included the

small sample size and lack of a placebo control device.

Moreover, most of the significant findings were found for

subjective measures. While sleep logs, ISI, PSQI, and KSS

are all widely used and validated, they are subjective

instruments. Thus, our findings indicate effect on the sub-

ject’s symptoms, do not confirm objective change in sleep

duration. However, there was a significant correlation

between improved subjective insomnia symptoms and

number of awakenings on objective actigraphy testing

following BioBoosti use, suggesting that the reduction of

insomnia symptoms at least partially reflects improved

sleep. Furthermore, a trend toward improvement of slow

wave sleep proportion was seen, and it is likely that this

pilot study was underpowered to assess these changes.

Other limitations should be addressed as well. We also

do not have any explanations of the mechanisms driving

any sleep improvement by electromagnetic stimulation.

Our participant group was heterogeneous, as we did not

have any preliminary indication as to what type of patients

may benefit. Furthermore, the treatment period may be too

short to detect longitudinal improvement. We also could

not assess for the potential for a change in behavior (such

as more regularity or relaxation time, related to holding the

device on a nightly basis) to be the actual reason for

symptomatic improvement, nor account for placebo effect.

Finally, there was a large age range in our subjects, and

as mentioned earlier, since older individuals typically have

less slow wave sleep, this slightly limits interpretation of

findings. As we found a trend toward increased slow wave

sleep with BioBoosti use, it would be of great interest to

investigate in future studies whether the device could help

“restore” the age-related reduction in deep sleep in older

adults with insomnia.

To our knowledge, this is the first report of pulse

electromagnetic treatment of insomnia. Since there were

no prior reports of this type of treatment and no prelimin-

ary data, our study was not designed as a randomized

placebo-controlled trial, but rather as a pilot study, to

evaluate any effect size and feasibility of such trial.

Thus, the results are not conclusive of efficacy.

Furthermore, 2 weeks may be insufficient time to assess

effectiveness. Nevertheless, our findings are very encoura-

ging, particularly if consideration is given to the fact that

more half of the participants had failed more than one

medication treatment. Larger, longer term, placebo-con-

trolled studies will be needed to fully evaluate the effec-

tiveness of BioBoosti as a treatment for insomnia.

The use of hypnotic or sedative medications has been

associated with falls, motor vehicle accidents, and

dementia.24 Cognitive behavioral therapy can be effective

Table 1 Insomnia symptoms and sleep outcomes before and

after treatment with BioBoosti

Pretreatment Post-

treatment

p

Subjective measures

PSQI score 12.6±133 8.5±3.7 0.001

ISI score 18.2±5.2 12.8±7.0 0.0008

KSS score 5.1±1.7 4.6±2.5 0.36

Visual Analog Scale

score

5.7±2.8 4.0±3.3 0.03

ESS score 6.9±5.4 5.9±4.1 0.18

Sleep log mean TST,

hours

6.8±1.5 7.3±1.8 0.03

Actigraphy-based sleep

TST, hours 6.9±1.6 6.8±0.9 0.71

Sleep onset latency,

mins

11.2±10.2 14.2±10.7 0.22

Sleep efficiency, % 84.8±7.9 85.9±4.3 0.97

WASO, mins 54.2±26.9 42.2±13.6 0.07

Number of

awakenings

34.2±11.1 32.8±9.0 0.60

EEG sleep architecture

TST, hours 7.6±1.6 7.6±1.3 0.85

WASO, mins 64.2±63.4 74.1±37.5 0.16

Stage N1, % 7.9±3.7 7.8±3.9 0.76

Stage N2, % 50.3±9.5 50.6±7.1 0.91

Stage N3, % 6.0±6.9 6.6±7.0 0.06

Stage REM, % 28.8±32.7 19.3±8.1 0.36

Notes: Sleepiness Scale; After sleep onset. The bold values represent statistically

significant p-values.
Abbreviations: PSQI, Pittsburgh Sleep Quality Inventory; ISI, Insomnia Severity

Index; KSS, Karolinska; ESS, Epworth Sleepiness Scale; TST, Total sleep time;

WASO, Wake; REM, Rapid-eye-movement sleep.
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at reducing a patient’s need for hypnotic medications but

may not be accessible due to distance, barriers to travel, or

time restraints.26 Other non-pharmacological treatments

such as BioBoosti may reduce the initiation of hypnotic

medications and frequency of use in the treatment of insom-

nia. Given the personal and societal burden of untreated

chronic insomnia, as well as limitations in current therapeu-

tics, BioBoosti may be a promising future option.

Informed consent
Participant provided written informed consent, and the

study was conducted in accordance with the Declaration

of Helsinki. We do not indent to publish the data else-

where, but if requested, de-identified data can be shared,

according to current HIPPAA law. We will have to also

ask the IRB for approval. Sleep log measures, actigraphy,

ISI/PSQI/ESS score, and any adverse event reports may be

shared upon request for 3 years following the conclusion

of the study. The clinical trial identifier is NCT02924116.
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