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Abstract 

Background/Aim 

Sleep disturbances are common and are associated with impaired daytime func-

tioning, reduced quality of life, and increased health risks. Non-pharmacological 

neuromodulatory interventions have gained interest as alternatives to hypnotic 

medication. Pulsed electromagnetic field (PEMF) therapy has been proposed as a 

non-invasive approach to improve sleep quality and recovery, but evidence from 

large, well-controlled trials remains limited. 

The objective of this study was to evaluate the efficacy and safety of pulsed 

magnetic field therapy (PMT) on sleep quality, sleep-related symptoms, daytime 

functioning, and well-being in adults with heterogeneous sleep complaints.  

Materials and Methods 

In this remote, randomized, double-blind, placebo-controlled trial, 217 adults 

reporting non-restorative sleep, difficulties initiating sleep, or frequent nocturnal 

awakenings were assigned to active PMT using a PEMF device (Night Harmony 

Female/Male protocol) or a sham application for three weeks. Primary outcomes 

were changes in the Pittsburgh Sleep Quality Index (PSQI) global score and self-

rated sleep satisfaction, restfulness, and sleep initiation difficulties. Secondary 

outcomes included sleep diary measures, daytime functioning, well-being (WHO

-5), symptom burden (MYMOP), and daytime sleepiness (Epworth Sleepiness 

Scale). Analyses followed the intention-to-treat principle using ANCOVA with 

baseline values of the respective parameter as covariate.   

Results 

Both groups showed significant improvements over time in global sleep quality 

and most secondary outcomes (p < 0.001). Between-group differences in PSQI 

global score were not significant (p = 0.314). However, active PMT resulted in 

significantly greater improvements in subjective sleep satisfaction (p = 0.02) and 

restfulness (p = 0.02), particularly among participants with moderate to severe 

baseline sleep disturbances (p < 0.001 for both). Sleep continuity measures im-

proved similarly in both groups. No serious adverse events were reported.  

Conclusions 

PMT produced modest but significant improvements in subjective restorative 
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aspects of sleep beyond placebo effects and was well tolerated. Further studies using objective sleep 

measures and longer follow-up are warranted. 

Introduction 

Sleep quality plays a crucial role in overall health and wellbeing. Sleep disorders encompass a hetero-

geneous group of conditions characterized by difficulties in initiating or maintaining sleep and by unre-

freshing or poor-quality sleep. They are among the most prevalent health complaints globally. Esti-

mates for any sleep problem range from 12% to over 50%, depending on the country, assessment meth-

od, and population studied [1-4]. Persistent sleep problems impair cognitive function, mood, and im-

mune regulation and increase the risk of cardiovascular and metabolic diseases[5-7]. 

Disturbed sleep and related concerns, including trouble initiating sleep, trouble falling asleep and non-

restorative sleep, are common in both general and older populations [8-10].  

Non-pharmacological approaches, including cognitive-behavioral and neuromodulatory interventions, 

have gained increasing attention as alternatives to hypnotic medications [11,12]. Among these, pulsed 

electro-magnetic field (PEMF) therapy has been proposed as a non-invasive method to improve sleep 

quality and general wellbeing by influencing physiological processes related to sleep [13,14].  

Large, double-blind, placebo-controlled trials show that pulsed electromagnetic field (PEMF) therapy 

can significantly improve sleep quality, particularly at specific frequencies (notably 16 Hz and 1 

Hz) [13,14]. Improvements were observed in both subjective sleep quality scores and objective sleep 

parameters, with effects persisting at least one-week post-treatment [14]. 

PEMF therapy has also been associated with reduced anxiety and improved overall quality of life, 

which may further support better sleep [13,15]. Case reports and small studies suggest deeper, more 

restful sleep and increased alertness as incidental findings after PEMF treatment [15]. 

In patients with post-COVID-19 fatigue syndrome, PEMF therapy improved insomnia severity and 

mental health, though the study was small and further research is needed [16]. 

In people with multiple sclerosis, PEMF did not show significant improvements in fatigue or sleep 

compared to placebo, indicating that effects may depend on the underlying condition and protocol [17]. 

PEMF is thought to modulate the autonomic nervous system and brain activity, possibly increasing 

melatonin secretion and calming neural circuits [11,12,16]. Studies report PEMF as a non-invasive, 

well-tolerated therapy with no serious side effects in the short term [13,14,18]. 

PEMF therapy appears to be a promising, non-pharmacological option for improving sleep quality, 

especially in insomnia and general sleep disturbances. However, more large-scale, high-quality studies 

are needed to confirm efficacy across different populations and to optimize treatment protocols. 

The present study evaluates the efficacy and safety of PMT in adults with distinct types of sleep prob-

lems using a remote, stratified, randomized, double-blind, placebo-controlled design. This trial aimed 

to investigate the effects of PEMF therapy applying McMakin “Night Harmony Female/Male” pro-

grams with a PEMF device (MagHealy) on sleep-related parameters, perceived wellbeing, and recovery 

in healthy adults compared with a sham application. The stratification allows targeted assessment of 

PMT effects across different symptom clusters, reflecting the clinical heterogeneity of insomnia. 

Method and Materials  

Study Design 

This was a 3-week, remote, randomized, double-blind, placebo-controlled trial conducted entirely 
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through secure digital platforms. All procedures complied with the Declaration of Helsinki. Participants 

provided electronic informed consent. 

The study was designed as a two-armed, double blinded sham-controlled study with a three-week treat-

ment period with a measurement point at the beginning and at the end of the study. A study protocol 

was finalized before commencement of recruitment. Volunteers were recruited via an existing network 

of people interested in this type of treatment. After signing the online informed consent form, partici-

pants were randomly assigned to one of the two study groups: 

Application group (A)  

Participants who already use the investigational pulsed magnetic field device in daily routine (existing 

clients) but are not already having any experience in using the new application designed for improving 

sleep problems used this new application two times per day for 3 weeks with a frequency range be-

tween 5 Hertz and 970 Hertz  

Control group (B)  

Same as application group A but deactivated PEMF device (sham application) 

Participants  

Participants were volunteers who have one or more of the sleep related problems non-restorative sleep, 

problems of falling asleep or frequently awakening at night and would profit from some self-help treat-

ment in their general wellbeing, coping with particular issues, such as sleep problems, low affect or 

lack of energy. They gave informed consent to participate prior to any study specific procedure.  

Volunteers were advised to participate only if they would not violate any restrictions for use as given in 

the Instructions for Use of the MagHealy device (not intended for pregnant women, persons with epi-

lepsy, heart disease or those with a pacemaker). 

Treatment device  

According to the MagHealy product specification the device generates a pulsating magnetic field. Key 

specifications include a frequency range of 0-12.5 MHz, a portable, compact design, and a Bluetooth 

range of up to 10 meters for app connectivity. It creates an electromagnetic field up to 300 µT.  

Treatment application  

Participants assigned to group A applied the frequency program Night Harmony Female/Male. This 

program is especially designed for improving sleep quality. The program was applied according to a 

predefined treatment plan once per day before going to bed for a total of 3 weeks.  

Participants of group B are assigned to use the same program, but the devices of these participants used 

a placebo program (deactivated device), which enables the LED of the MagHealy device to work nor-

mally. 

Outcome measures  

A combination of validated patient-reported outcome measures and daily electronic sleep diaries were 

used to assess treatment effects on sleep quality, sleep continuity, mood, daytime functioning, and 

overall well-being. 

Pittsburgh Sleep Quality Index (PSQI) 

Sleep quality and functional impact were assessed using the Pittsburgh Sleep Quality Index [19,20], a 

validated 19-item instrument evaluating perceived sleep parameters over the previous month. The PSQI 

yields: 
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• Global Score (0–21): higher scores indicate poorer sleep quality 

• Seven Component Scores, including Sleep latency; Sleep duration, Sleep efficiency, 

Sleep disturbances, Daytime dysfunction/restorativeness, Sleep quality, Use of sleep med-

ication 

PSQI Components 2, 5b, and 7 were prespecified as primary efficacy measures depending on the par-

ticipant’s enrolled stratum. 

Patient Sleep Diary (Adapted From PSQI) 

Participants completed a structured daily electronic sleep diary based on PSQI domains, including the 

following: Sleep onset latency (minutes), Number and duration of nighttime awakenings, Total sleep 

time (minutes), Time in bed and calculated sleep efficiency (%), Morning restorativeness (0–10 rating 

scale), Daytime fatigue, alertness, and adverse symptoms (0–10 scales) 

Daily sleep diary entries were aggregated into weekly means for efficacy analyses to reduce within-

subject variability and improve the stability of outcome measures. This approach minimizes the influ-

ence of day-to-day fluctuations in sleep patterns, enhances precision in estimating treatment effects, 

and aligns the temporal resolution of sleep outcomes with other weekly clinical assessments. Aggrega-

tion also mitigates the impact of occasional missing diary entries, providing more robust and interpreta-

ble efficacy results. 

World Health Organization–Five Well-Being Index (WHO-5) 

General psychological well-being was evaluated using the WHO-5 [21-23], a five-item measure as-

sessing positive mood and life satisfaction over the preceding 2 weeks. Each item is rated 0–5, summed 

and converted to a 0–100 score, with higher scores reflecting better well-being. 

Measure Yourself Medical Outcome Profile (MYMOP) 

Individualized symptom burden and personalized treatment benefit were evaluated using MYMOP [24-

26], enabling each participant to identify their most distressing symptoms and associated functional 

limitations. Scores for the primary symptom were assessed weekly on a 11-point scale (0 to 10), where 

higher scores indicate greater severity or impairment. 

Epworth Sleepiness Scale (ESS) 

Daytime sleepiness was measured using the Epworth Sleepiness Scale [27-29], an 8-item questionnaire 

assessing the likelihood of dozing in common situations. Total scores range from 0–24, with higher 

scores representing increased excessive daytime sleepiness.  

Primary Endpoints  

The primary efficacy endpoint was the change from baseline to week 3 in the Pittsburgh Sleep Quality 

Index (PSQI) global score, assessing overall subjective sleep quality. 

In addition, the self-assessments of general satisfaction with sleep quality, restfulness of sleep and diffi-

culties falling asleep were evaluated as co-primary endpoints, enabling a multidimensional assessment 

of treatment effects on specific sleep domains. 

Both the global PSQI scores and the self-assessment scores were analyzed as continuous variables us-

ing analysis of covariance (ANCOVA) with baseline values as covariates and treatment group as fixed 

factor. Adjusted mean changes from baseline and between-group differences with 95% confidence in-

tervals were reported. 
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To preserve interpretability across sleep phenotypes, exploratory subgroup-specific analyses were also 

conducted to examine differential response patterns among participants with (1) severe difficulty fall-

ing asleep, (2) awakening at night, or (3) non-restorative sleep at baseline.  

Secondary Endpoints 

Secondary efficacy endpoints were evaluated across the entire study population and, where relevant, 

within each symptom-based stratum. These endpoints were designed to further characterize the impact 

of pulsed magnetic therapy on sleep continuity, sleep quality, next-day functioning, and psychological 

symptoms: 

Sleep Onset and Maintenance Metrics (Diary-Based):  

Awakening at night / frequency 

Awakening at night / duration (minutes) 

Time until falling asleep (minutes) 

Daytime Functioning and Symptom Burden:  

Restfulness of sleep (1-6; diary) 

Daytime exhaustion (1-6; diary) 

Daytime stamina (1-6, diary) 

Mood and Anxiety Outcomes: 

Change in WHO-5 (The World Health Organization-Five Well-Being Index) and adapted Mymop 

(Measure Yourself Medical Outcome Profile), change in Epworth Sleepiness Scale (ESS) total score 

(Survey) 

Safety Endpoints 

Safety and tolerability outcomes included: Change in Epworth Sleepiness Scale (ESS) total score 

(Survey) incidence, severity, and relatedness of Treatment-Emergent Adverse Events (TEAEs)  Fre-

quency of treatment discontinuations due to adverse events. 

Subgroup Analyses 

Subgroup analyses were prespecified in the statistical analysis plan to further characterize treatment 

effects across clinically relevant patient subsets and to explore potential moderators of therapeutic re-

sponse. In addition to analyses performed in the overall study population, predefined subgroup analyses 

were conducted to examine possible differences in efficacy among participants presenting with distinct 

patterns of sleep disturbance at baseline. The subgroups were defined according to established clinical 

thresholds derived from the Pittsburgh Sleep Quality Index (PSQI) and a self-reported measure of per-

ceived sleep restoration, perceived sleep quality and difficulties falling asleep. 

1. Severe sleep problems: Participants with pronounced sleep problems were defined as those with a 

PSQI total score at baseline of higher 5 [30]. This criterion corresponds to a sleep quality typically 

considered clinically meaningful and indicative of significant insomnia symptoms. 

2. Satisfaction with sleep quality, non-restorative sleep and difficulties falling asleep: Participants 

reporting low subjective satisfaction with sleep, low restoration by sleep and or distinct problems 

falling asleep were identified as those with a self-assessment score of less or equal to 5 on a 0–10 

Likert scale, where higher values denote greater perceived satisfaction by sleep [31]. This thresh-

old was selected to capture individuals experiencing notably problems with the corresponding 
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item.  

These subgroups were established a priori to assess whether the efficacy of pulsed magnetic therapy 

varied according to baseline sleep characteristics. The analyses were intended to identify potential 

modifiers of treatment response and to generate hypotheses for future targeted investigations. 

Statistical Analysis 

Analyses will follow the intention-to-treat principle. 

All primary and secondary efficacy analyses were performed on the intent-to-treat (ITT) population, 

defined as all randomized participants who completed at least one post-baseline assessment. Statistical 

significance tests were two-sided with α = 0.05, without adjustment for multiplicity unless otherwise 

specified in the hierarchical testing plan. 

Primary Analysis Approach 

For continuous endpoints with normally distributed residuals and sufficient data completeness, analysis 

of covariance (ANCOVA) was used to compare treatment groups at the primary evaluation timepoint 

(Week X). Each model included: 

• Treatment group (pulsed magnetic therapy vs placebo) 

• Baseline value of the endpoint as a covariate 

Adjusted mean differences between groups were estimated with 95% confidence intervals. 

Longitudinal and Sensitivity Analyses 

When repeated measures across time provided greater power or insight, repeated-measures ANOVA or 

mixed-effects models (MMRM) were used, including: 

• Fixed effects for treatment, visit (time), treatment × visit interaction, and baseline 

• An unstructured or autoregressive covariance structure, selected by model fit criteria 

These models assume data missing at random (MAR). 

Non-Parametric Methods 

For ordinal variables, non-normal distributions, or endpoints violating parametric assumptions, non-

parametric tests were applied, including: 

Wilcoxon rank-sum test for between-group comparisons 

Wilcoxon signed-rank test for within-group change 

Hodges–Lehmann estimator and 95% CI for effect size 

Safety Analyses 

Safety outcomes were summarized descriptively in the safety population (all participants who initiated 

treatment). Adverse events were coded and analyzed by incidence, severity, and relatedness. 

Missing Data Handling 

Surveys 

For survey-based instruments (PSQI, WHO-5, MYMOP, Epworth Sleepiness Scale), missing post-

baseline data were replaced using last observation carried forward (LOCF). The last available non-

missing score was carried forward to all subsequent missing timepoints, provided the participant had at 

least one post-baseline assessment. 
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Daily Sleep Diaries 

Diary-based data were processed using the following approach: 

• Short-term missing days: If ≤3 consecutive diary days were missing within a given week, the miss-

ing values were replaced using LOCF from the most recent prior day. 

• Extended missing days: If >3 consecutive diary days were missing within a week, the entire week-

ly summary was treated as missing. 

Analyses were performed using validated statistical software (R v4.3.4). 

Safety analyses will summarize adverse event frequencies descriptively.  

Results 

Demographics and Baseline Characteristics 

This pilot study was conducted without prior case number estimation. It was assumed that 120 evalua-

ble cases per study group would be sufficient to detect significant group differences. 

242 people consented to the study protocol and were randomly allocated to one of both study groups: 

active study group (A) or to the sham control group (B), resulting in 121 participants in each study 

group. Because of withdrawal of consent prior to study start, in total 24 participants who have given 

informed consent but did not participate in the study. 217 participants completed the first survey con-

sisting of the study population according to the ITT principle. 16 participants terminated the study 

prematurely (8 in each group). Two hundred  and one participants completed both surveys and termi-

nated the study according to the protocol.   

Since slightly more participants from the control group withdrew consent prior to study start, the 

groups were somewhat unevenly distributed. The active group consisted of 111 participants, while 106 

study participants were assigned to the control group.  

16 participants (8 in each group) did not terminate the study regularly and did not complete the final 

survey. This missing data was replaced according to the last observation carried forward principle.  

As can be seen from table 1, the randomization process yielded quite comparable groups. The majority 

of the participants, 89%, were female. Due to data-protection concerns age was only collected in rough 

categories. 70 percent or 80 participants belonged to the middle-aged group between 41 and 60, and 

nearly half of the rest were older than 60 years or younger than 40 years. 

The baseline values of all endpoint parameters differed only marginally in both groups. The respective 

95% confidence intervals overlapped and the t-tests for independent samples did not reveal any signifi-

cant group differences (survey: t = 0.31, p = 0.76 for PSQI, t = 1.96, p = 0.06 for WHO-5; t = 1.52, p = 

0.13 for Mymop, t = 1.85, p = 0.07 for ESS; df 215 for each; Diary : t = 1.43, p = 0.15 for restfulness of 

sleep, t = 1.33, p = 0.18 for awakening frequency; t = 0.59, p = 0.55 for time to fall asleep, t = 0.65, p = 

0.52 for daytime tiredness; df 200 for each). 

Participant’s compliance was determined by the frequency of study programs used during the study 

period. This is tracked in a cloud and can be read from there. In both groups, compliance, defined as at 

least 50% of the intended applications performed, was close to 70%. The two groups differed only very 

slightly (CHIQU-test, p = 0.89). 

Primary Endpoints 

Both active and control groups demonstrated meaningful improvements in overall sleep quality over 
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Active application 
(n = 111) 

Sham application 
(n = 106) 

Total 
(217) 

Gender       

 Female 99 (89%) 94 (89%) 193 (89%) 

 Male 12 (11%) 12 (11%) 24 (11%) 

 DNS 0 (0%) 0 (0%) 0 (0%) 

Age groups       

 20-40 12 (11%) 14 (11%) 26 (12%) 

 41-60 78 (70%) 72 (68%) 150 (69%) 

Older than 60 21 (19%) 20 (19%) 41 (19%) 

Outcome Parameters Baseline (Survey) 

PSQI-Sum Score (0-21) 
9.68 
[9.0 -10.37] 

9.42 
[8.70 – 10.12] 

9.56 
[9.07 – 10.05] 

Satisfaction with sleep (0 – 
10) 

5.05 
[4.67 – 5.42] 

5.23 
[4.92 – 5.55] 

5.14 
[4.89 – 5.38] 

Restfulness of sleep (0 - 
10) 

4.55 
[4.17 – 4.74] 

4.85 
[4.47 – 5.05] 

4.70 
[4.43 – 4.83] 

Difficulties falling asleep 
(0- 10) 

6.05 
[5.61 – 6.28] 

5.66 
[5.15 – 5.92] 

5.86 
[5.53 – 6.03] 

WHO-5 Score 
(0-25) 

10.64 
[9.93 – 11.35] 

11.78 
[10.87 – 12.67] 

11.18 
[10.61 – 11.77] 

MyMop 
(0-10) 

7.14 
[6.53-7.74] - 

6.76 
[5.93 – 7.58] 

6.97 
[6.48 – 7.45] 

Epworth Sleepiness Scale 
(0 – 24) 

9.02 
[8.20 – 43.45] 

7.90 
[7.01 – 8.78] 

8.48 
[7.88 – 9.08] 

Outcome Parameters Baseline (Diary) 

  (n = 99) (n = 103) (n = 202) 

Restfulness of sleep (1-6) 
2.94 
[2.78 – 3.12] 

2.77 
[2.61 – 2.95] 

2.86 
[2.74 – 2.98] 

Awakening at night / fre-
quency 

2.08 
[1.76 – 2.40] 

1.78 
[1.46 – 2.10] 

1.93 
[1.70 – 2.15] 

Awakening at night / dura-
tion (minutes) 

26.78 
[20.48 – 33.08] 

21.78 
[17.01 – 26.56] 

24.23 
[20.23 – 28.15] 

Time until falling asleep 
(minutes) 

25.64 
[20.48 – 30.08] 

30.91 
[24.77 – 37.05] 

28.32 
[24.43 – 32.22] 

Daytime tiredness (1-6) 
2.38 
[2.22 – 2.55] 

2.30 
[2.13 – 2.48] 

2.34 
[2.22 – 2.46] 

Compliance 

Compliant 
Non Compliant 

76 (68 %) 
35 (32 %) 

79 (75 %) 
27 (25%) 

155 (71 %) 
62 (29%) 

Table 1. Baseline characteristics 

Gender, age groups, group active application, sham); absolute frequencies and percentages (per category and 

group); mean scores for PSQI, WHO 5, MYMOP scale and Epworth Sleepiness Scale (95% Confidence Inter-

vals); compliance per treatment group, defined as follows: for both treatment groups at least 50% of the stipu-

lated applications are defined as compliant, less than 5 application were defined as non-compliant. 
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the study period (figure 1). Mean reductions in PSQI global score were –3.24 (active) and –2.89 

(control), corresponding to a small, non-significant between-group effect (Cohen’s d = 0.14, p = 0.314; 

table 2). 

Improvements were more pronounced for subjective sleep experiences. Participants receiving active 

treatment reported significantly greater satisfaction with sleep (mean increase = 1.78 vs. 1.18; Cohen’s 

d = 0.30, p = 0.029) and restfulness of sleep (mean increase = 2.15 vs. 1.63; Cohen’s d = 0.33, p = 

0.042). 

Changes in difficulty falling asleep were modest and did not differ significantly between groups (mean 

decrease = 1.99 vs. 1.78; Cohen’s d = 0.07, p = 0.64). 

Collectively, these findings suggest that while pulsed magnetic therapy did not significantly outperform 

placebo in reducing global PSQI scores, it produced small but statistically significant gains in per-

ceived satisfaction and restfulness of sleep. 

Figure 1. Group differences in marginal means of primary endpoint parameters; error bars = 95% 

CI for Mean Difference. 

Cases 
Sum of 
Squares 

df 
Mean 
Square 

F p 

PSQI 

Group 6.602 1 6.602 1.020 0.314 

Baseline 824.876 1 824.87 127.44 < .001 

Residuals 1.385.05 214 6.472   

Satisfaction with sleep 

Group 19.296 1 19.296 4.826 0.029 

Table 2. Ancova results of group differences of primary endpoint parameters; Covariates = respec-

tive baseline values.  
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Subgroup Analysis of Participants with Pronounced Baseline Complaints 

A prespecified subgroup analysis was performed among participants who reported pronounced com-

plaints on the corresponding PSQI item at baseline. ANCOVA models adjusting for baseline severity 

showed that participants in this subgroup experienced larger absolute improvements across all out-

comes compared with the full sample. 

Reductions in PSQI global score were comparable between groups (marginal mean change: active 

3.865; control 3.586), and the between-group difference was not statistically significant (p = 0.501). 

The estimated effect size was small (Cohen’s d = 0.07). 

In contrast, significantly greater improvements were observed for subjective sleeper-centered out-

comes. Participants receiving active treatment reported a larger increase in satisfaction with sleep 

(2.427 vs. 1.770; p = 0.022; Cohen’s d = 0.349) and a markedly larger increase in restfulness of sleep 

(3.012 vs. 2.078; p = 0.007; Cohen’s d = 0.472). These effect sizes fall within the small-to-moderate 

range and exceed those observed in the overall sample, indicating that participants with more severe 

Baseline 276.813 1 276.81 69.230 < .001 

Residuals 855674 214 3998   

Restfulness of sleep 

Group 14.910 1 14.910 4.189 0.042 

Baseline 207.994 1 207.99 58.441 < .001 

Residuals 761.640 214 3.559   

Difficulties falling asleep 

Group 0.961 1 0.961 0.220 0.640 

Baseline 286.822 1 286.82 65.596 < .001 

Residuals 935725 214 4373   

Figure 2. Group differences in marginal means of primary endpoint parameters; Sub-

groups with pronounced problems at baseline; error bars = 95% CI for Mean Difference 
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baseline impairment may derive greater benefit. 

For difficulty falling asleep, both groups demonstrated substantial improvements (3.323 vs. 3.013), 

with no significant between-group difference (p = 0.249) and a small effect size (Cohen’s d = 0.20). 

Overall, in participants with pronounced baseline symptoms, pulsed magnetic therapy yielded signifi-

cantly greater improvements in satisfaction and restfulness of sleep, while improvements in global 

PSQI score and sleep initiation difficulty remained similar to placebo. 

Secondary endpoints: Sleep Onset and Maintenance Metrics (Diary-Based)  

Both treatment groups demonstrated significant improvements over time across all diary-based sleep 

parameters (figure 3). The frequency of nocturnal awakenings decreased by an average of 0.65 events 

per night in the active group during the final study week and by 0.38 events per night in the control 

group. Despite the numerically greater reduction in the active arm, an ANCOVA adjusting for baseline 

values found no significant between-group difference (F = 0.663, p = 0.43). The significant time effect 

in both arms indicates that participants generally experienced fewer nighttime awakenings regardless of 

treatment conditions. 

For duration of sleep interruptions, the active group showed a mean reduction of 4 minutes, compared 

Cases 
Sum of 
Squares 

df 
Mean 
Square 

F p 

PSQI 

Group 3.492 1 3.492 0.487 0.486 

Baseline 373.239 1 373.239 52.100 < .001 

Residuals 1.268.019 177 7.164   

Satisfaction with sleep 

Group 18.674 1 18.674 5.370 0.022 

Baseline 73.352 1 73.352 21.094 < .001 

Residuals 594.634 171 3.477   

Restfulness of sleep 

Group 30.676 1 30.676 7.585 0.007 

Baseline 21.576 1 21.576 5.335 0.022 

Residuals 562.126 139 4.044   

Difficulties falling asleep 

Group 8.733 1 8.733 1.344 0.249 

Baseline 7.625 1 7.625 1.174 0.281 

Residuals 669.142 103 6.497   

Table 3. Ancova results of group differences of primary endpoint parameters of subgroup analysis: 

PSQI score at baseline > 5; satisfaction with sleep, restfulness of sleep and difficulties falling asleep 

subgroups with baseline score < 5 at baseline; covariates = respective baseline values. 
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with a 5.5-minute reduction in the control group. Baseline-adjusted ANCOVA revealed no significant 

group effect (F = 0.427, p = 0.514). 

A comparable pattern was observed for sleep onset latency. Participants in the active group demonstrat-

ed a mean decrease of 12 minutes, whereas those in the control group improved by 11 minutes. The 

between-group comparison again did not reach statistical significance after baseline adjustment (F = 

2.392, p = 0.124). 

Overall, although sleep diary measures improved over the course of the study in both groups, none of 

the between-group differences were statistically significant, suggesting that the magnitude of change 

did not differ reliably between the active pulsed magnetic field intervention and control conditions. 

Figure 3. Changes of sleep parameters in the course of the study 

a.) Mean change in frequency of awakening at night; 

b.) duration of interruption 

c.) change in time till falling asleep; error bars = 95% CI for Mean Difference  
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Daytime Fitness Outcomes 

Diary-based ratings of daytime functioning also improved over the course of the study. 

Restoration by sleep increased by 0.65 points in the active group and 0.21 points in the control group (6

-point Likert scale). Repeated-measures ANOVA confirmed significant time effects for both the active 

group (F = 3.18, p < 0.001) and the control group (F = 7.17, p < 0.001). Importantly, baseline-adjusted 

ANCOVA revealed a significant between-group (figure 4) difference favoring the active intervention 

(F = 8.990, p = 0.003). 

Daytime stamina improved by 0.66 points in the active group and 0.46 points in the control group. 

Time effects were significant in both groups (active: F = 18.853, p < 0.001; control: F = 6.559, p = 

0.002). However, the between-group difference was not significant in baseline-adjusted ANCOVA (F = 

1.330, p = 0.250). 

Daytime exhaustion decreased (improved) by 0.54 points in the active group and 0.40 points in the 

control group. Time effects again reached significance in both groups (active: F = 20.04, p < 0.001; 

control: F = 5.517, p = 0.005), while ANCOVA showed no significant between-group difference (F = 

1.71, p = 0.189). 

Figure 4. Changes in sleep related daytime fitness parameters in the course of the study 

a.) Mean change in restoration by sleep; 

b.) Mean change in daytime stamina 

c.) Mean change in daytime exhaustion; error bars = 95% CI for Mean Difference 
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Well-Being, Symptom Burden, and Daytime Sleepiness (WHO-5, MYMOP, ESS) 

Baseline and post-intervention survey measures demonstrated significant within-group improvements 

in both the active and control arms. 

In the active group, paired-sample t-tests showed robust improvements across all three scales: WHO-5 

well-being scores increased significantly (t(110) = 9.192, p < .001), MYMOP symptom scores de-

creased (t(102) = 7.426, p < .001), and Epworth Sleepiness Scale (ESS) scores also decreased (t(110) = 

5.498, p < .001). 

The control group likewise showed significant pre–post changes: WHO-5 scores improved (t(105) = 

8.074, p < .001), MYMOP scores decreased (t(97) = 4.645, p < .001), and ESS scores decreased (t(105) 

= 6.015, p < .001). 

Despite these substantial within-group improvements, baseline-adjusted between-group comparisons 

did not reveal significant differences. ANCOVA results indicated no significant treatment effect for 

WHO-5 (F = 1.091, p = 0.297), MYMOP (F = 1.739, p = 0.189), or ESS scores (F = 0.044, p = 0.835). 

Overall, both groups demonstrated meaningful improvements in well-being, symptom burden, and day-

time sleepiness across the study interval; however, the magnitude of change did not differ significantly 

between the active and control conditions. 

Summary of Daytime Results 

Taken together, the daytime diary data indicate that participants in both groups experienced improve-

ments in perceived restoration, stamina, and exhaustion across the intervention period. Among these 

variables, only the sense of restoration by sleep showed a statistically significant between-group differ-

ence, favoring the active pulsed magnetic field stimulation. 

Figure 5. Group differences in marginal means of secondary endpoint parameters; error bars = 95% CI for 

Mean Difference 
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Safety Results 

A total of 46 participants experienced 49 adverse events (AEs) during the study, with 21 AEs in the 

active group and 28 AEs in the control group. No serious adverse events (SAEs) occurred. 

The most frequently reported AEs were upper respiratory infections, including colds (18 cases; 7 ac-

tive, 11 control) and sinusitis (3 cases; 1 active, 2 control). Musculoskeletal complaints were also com-

mon (10 cases total), comprising joint and muscle pain reported in both groups. Allergic reactions oc-

curred in 4 participants (2 per group). Gastrointestinal infections were reported only in the active group 

(2 cases). 

A variety of isolated events were each reported once, including toothache, migraine, elevated blood 

pressure, stomach pain, endometriosis, influenza, dry skin, unspecified infection, increased urinary 

urgency, and dizziness. Overall, the distribution and nature of events were consistent with common, 

self-limiting conditions in the general adult population, with no notable imbalance between study arms. 

Adverse Event of Special Interest 

One participant in the active treatment group experienced a dermatologic and systemic event consid-

ered of special interest due to its temporal proximity to device use. The participant reported the onset of 

a generalized pruritic rash beginning the day after the first application of the sleep program. Symptoms 

progressed over several days and were accompanied by nocturnal itching, malaise, cold-sweat sensa-

tions, and restlessness. The participant adjusted device intensity parameters but ultimately discontinued 

use. 

The event was also associated with transient lymph node swelling, and symptoms gradually resolved 

following self-directed management. No clinical diagnosis or confirmatory medical assessment was 

obtained. The sponsor’s safety officer classified the event as possibly related to treatment, based solely 

on temporal association, with no evidence of a serious or lasting complication. 

Treatment-Related Events 

Across the study, three events were judged as having a possible relationship to treatment. Two involved 

a temporary worsening of sleep problems, one in each treatment arm, both of which improved after 

discontinuation. The dermatologic event described above represented the third case. 

Discussion 

This randomized, controlled trial investigated the effects of pulsed magnetic field stimulation on sub-

jective sleep quality, nocturnal sleep continuity, daytime functioning, and well-being in adults with 

persistent sleep disturbances. Across nearly all outcomes, participants in both the active and control 

groups showed significant improvements over time. However, only a subset of subjective sleep quality 

measures demonstrated statistically significant between-group differences favoring the active interven-

tion. 

Taken together, the results highlight a dual pattern: 

1) robust nonspecific effects across both treatment arms, and 

2) small but consistent specific effects of pulsed magnetic field stimulation on selected subjective 

dimensions—particularly sleep satisfaction, restfulness, and morning restoration. 

These selective benefits may reflect subtle neuromodulatory influences on the affective or restorative 

aspects of sleep rather than on the structural components of sleep continuity. However, they may also 

reflect expectancy-driven enhancement of subjective sleep perception, especially given the technologi-
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cal nature of the intervention.   

Neuromodulators such as acetylcholine, norepinephrine, dopamine, serotonin, histamine, orexin, and 

melanin-concentrating hormone (MCH) orchestrate sleep-wake states by modulating neuronal activity 

across brain regions. These systems influence sleep architecture, including transitions between NREM 

and REM sleep, and regulate processes like memory consolidation and emotional regulation during 

sleep [32-34]. Serotonin, for example, is implicated in the homeostatic regulation of slow-wave sleep, 

which is critical for restorative functions [35]. 

Non-invasive neuromodulation techniques including pulsed magnetic field applications, have shown 

potential to improve sleep quality, reduce depressive and anxiety symptoms, and enhance restorative 

sleep features such as sleep efficiency, REM duration, and total sleep time in both clinical and non-

clinical populations [36-38]. Some studies report improvements in subjective sleep quality and mood, 

as well as normalization of stress biomarkers (e.g., cortisol)[39]. However, objective improvements in 

sleep architecture are less consistently observed, and placebo effects are notable [40,41]. 

Future research should incorporate objective sleep measures (e.g., actigraphy, polysomnography) and 

examine whether these subjective improvements correspond with physiological changes. Including 

expectancy assessments, longer follow-up intervals, and mechanistic endpoints will be important for 

disentangling specific neuromodulatory effects from enhanced placebo responses. 

In summary, while pulsed magnetic field stimulation did not produce superior improvements in global 

sleep quality or sleep continuity, it was associated with modest but statistically significant enhance-

ments in subjective restfulness and sleep satisfaction, especially among participants with more pro-

nounced baseline sleep problems. These findings support the possibility of a subtle treatment-specific 

effect, superimposed on a large general improvement attributable to placebo and other nonspecific in-

fluences. 

Limitations 

This study has several limitations. Most outcomes were self-reported, making results susceptible to 

expectancy and reporting bias, which likely contributed to the strong improvements observed in both 

groups. The lack of objective sleep measures (e.g., polysomnography or actigraphy) limits conclusions 

about physiological sleep changes. The pronounced placebo response may have reduced sensitivity to 

detect small treatment-specific effects, and expectancy was not formally assessed. The relatively short 

intervention period precludes conclusions about long-term efficacy and safety. Subgroup analyses were 

exploratory and not powered for definitive inference. Finally, adverse events were primarily based on 

participant reports and were rarely clinically verified, which may underestimate rare or delayed effects. 

Conclusion  

Pulsed magnetic field stimulation was well tolerated, with no serious adverse events and a similar ad-

verse event profile in the active and control groups. The device demonstrated a favorable short-term 

safety profile. 

Both groups showed substantial improvements in sleep and wellbeing measures, indicating strong non-

specific effects. The intervention did not produce superior outcomes in global sleep quality or sleep 

continuity. However, subjective sleep satisfaction, restfulness, and morning restoration improved sig-

nificantly more in the active group, particularly among participants with moderate or greater baseline 

sleep disturbances. 

Overall, pulsed magnetic field stimulation was associated with small but significant benefits in subjec-
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tive restorative sleep outcomes, while effects on global sleep quality and objective sleep parameters 

were limited. 
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