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Purpose: To assess the effects of magnesium bisglycinate supplementation on insomnia symptoms in healthy adults reporting poor 
sleep quality.
Patients and Methods: This randomized, double-blind, placebo-controlled trial enrolled 155 adults aged 18–65 years with self- 
reported poor sleep quality. Participants were randomly assigned to either magnesium bisglycinate supplementation (250 mg elemental 
magnesium, daily) or placebo capsules. Sleep quality was assessed using the Insomnia Severity Index (ISI) and additional psycho
logical questionnaires at baseline and multiple time points throughout the study. Generalized linear mixed models (GLMM) adjusted 
for baseline ISI scores, age, sex, body mass index, and occupation were applied.
Results: The magnesium bisglycinate group showed a significantly greater reduction in ISI scores compared to the placebo group 
from baseline to Week 4 (−3.9 [95% CI: −5.8 to −2.0] vs −2.3 [95% CI: −4.1 to −0.4], respectively; p = 0.049). The effect size was 
small (Cohen’s d = 0.2), indicating a modest benefit. Exploratory analyses suggested notably greater improvements among participants 
reporting lower baseline dietary magnesium intake, potentially indicating a subgroup of high responders. No significant differences 
were observed in other psychological outcomes.
Conclusion: Magnesium bisglycinate supplementation modestly improved insomnia severity in adults reporting poor sleep quality. 
Future research should include objective sleep assessments, longer intervention periods, and better characterization of potential high 
responders by systematically assessing baseline dietary magnesium intake and status.
Clinical Trial Registration Name: Effect of magnesium bisglycinate supplementation on sleep and fatigue parameters in healthy 
adults reporting poor sleep quality; https://drks.de/search/en/trial/DRKS00031494 DRKS-ID: DRKS00031494.
Keywords: insomnia, sleep quality, magnesium bisglycinate, nutritional supplementation, randomized controlled trial

Introduction
Sleep disturbance and insomnia symptoms are very prevalent in modern society, often disrupting regular sleep patterns and 
overall well-being.1,2 Approximately one-third of the global population reports dissatisfaction with their sleep, with 6–15% 
meeting the clinical criteria for insomnia disorders.3 Insomnia symptoms were reported twice as often in women, consistent 
with global data on gender differences in sleep disturbances.4 While restorative sleep can mitigate some of the effects of short- 
term sleep deprivation,5 persistent sleep disruption is associated with cognitive impairment,6 mood disturbance,7 and other 
mental health problems.8 It is also associated with broader health risks, including cardiovascular disease and, in men, higher 
mortality rates.9,10

Cognitive Behavioral Therapy for Insomnia (CBT-I) is considered the most effective treatment for chronic insomnia.11 It 
improves sleep efficiency by 10–20% and reduces insomnia severity in up to 60% of patients, with benefits that often last long- 
term.11 For severe insomnia, benzodiazepines and non-benzodiazepine hypnotics (eg, zolpidem, zaleplon) can provide short-term 
relief but pose risks such as dependence, tolerance and next-day cognitive or motor impairment, especially with prolonged 
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use.12,13 Over-the-counter options like antihistamines (eg, diphenhydramine) are more accessible for occasional sleep distur
bances, but rapid tolerance and next-day sedation limit their daily use in people reporting only mild insomnia.14 While melatonin 
is a widely used dietary supplement for sleep regulation, its long-term efficacy and safety remain in question.15,16 Consequently, 
there is growing interest in alternative nutritional interventions—magnesium supplementation has emerged as another promising 
option.

Magnesium is essential for cardiovascular, skeletal, and neural function, acting as a cofactor in numerous enzymatic 
processes that support cellular and metabolic balance.17 Suboptimal magnesium levels are common and have been linked 
to various chronic conditions, yet they often go undetected due to imprecise diagnostic criteria.18 Magnesium plays a role 
in sleep regulation, with both observational and some clinical studies linking higher magnesium intake and magnesium 
supplementation to improved sleep outcomes. Observational research associates greater magnesium consumption with 
better sleep quality, including shorter sleep onset latency, longer sleep duration, and reduced daytime sleepiness.19 

Clinical trials further suggest that magnesium supplementation enhances sleep efficiency and reduces insomnia severity, 
potentially through mechanisms such as increased melatonin production and reduced cortisol levels.20,21 A recent 
systematic review found an association between magnesium status and sleep quality in observational studies, but 
highlighted inconsistencies in interventional trials: two RCTs showed improvements in sleep efficiency, time, or latency, 
while three found no significant effects.22 Given that these trials included only 247 participants in total, there is a clear 
need for well-powered studies with larger sample sizes.

Magnesium bisglycinate, a chelated compound combining magnesium with glycine, has not been specifically studied for 
its impact on sleep. Existing research is limited to applications like heart rate variability and pregnancy-induced leg cramps, 
where some benefits have been observed.23,24 While some studies suggest organic magnesium salts may have slightly higher 
bioavailability than inorganic forms, clinical evidence directly comparing their absorption remains limited.25

Although the glycine content in magnesium bisglycinate is relatively lower (approximately 1.54 g per 250 mg of 
elemental magnesium), its co-presence may produce synergistic effects with magnesium in supporting sleep physiology. 
Glycine has also been explored for its sleep-promoting properties due to its ability to interact with key neurotransmitter 
systems, including the N-methyl-D-aspartate (NMDA) receptors.26 While evidence remains inconclusive, some studies 
suggest that glycine supplementation at a dose of 3 g can enhance sleep quality and reduce daytime fatigue, highlighting 
its potential as a supportive agent in sleep management.27,28

This four-week, placebo-controlled study was conducted as a large, nationwide trial across Germany. It aimed to 
provide real-world evidence through home-based assessments and to offer new insights into the potential benefits of 
magnesium bisglycinate for individuals reporting poor sleep.

Materials and Methods
Trial Design and Participants
The study was a two-arm, parallel-group, four-week, double-blind, placebo-controlled trial conducted in accordance with 
CONSORT guidelines. It was approved by the Ethics Committee of the Medical Association of Lower Saxony 
(Hannover, Germany) and designed in accordance with the principles of Good Clinical Practice (GCP) and the 
Declaration of Helsinki. This trial was registered at the German Clinical Trials Register (DRKS) (DRKS00031494) at 
the time of recruitment.

Participants were recruited across Germany through various advertisements between March and May 2023. Initial 
enrollment began on April 20, 2023. A second wave followed in May to reach the target sample size. Recruitment was 
conducted online, and interested participants were directed to a screening questionnaire to assess eligibility. This online 
questionnaire consisted of the Regensburg Insomnia Scale (RIS)29 and a short survey to collect some general background 
information to help assess participant eligibility criteria. Individuals who passed this initial screening were subsequently 
invited to participate in the study and provided detailed information about the study objectives, procedures, potential 
risks and benefits, and data confidentiality. Informed consent was obtained electronically from each participant before 
enrollment.
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Eligible participants were adults between the ages of 18 and 65 who self-reported being in good health, with no 
history of chronic disease or conditions requiring ongoing treatment. Health status was assessed using a pre-screening 
questionnaire that excluded individuals with known chronic illnesses or conditions requiring ongoing treatment. Other 
inclusion criteria included poor sleep for more than four weeks, as assessed by a RIS score greater than 12, and a body 
mass index between 18.5 and 35 kg/m². Individuals with treated thyroid disorders, such as hyperthyroidism, hypothyr
oidism, and Hashimoto’s disease, were eligible to participate as long as there had been no change in their treatment 
regimen within the previous three months. In addition, all participants were required to refrain from taking any dietary 
supplements for two weeks prior to the start of the intervention.

Individuals were ineligible if they engaged in rotational-shift work or had a diagnosed sleep disorder (such as sleep 
apnea) requiring treatment. They were also excluded if they had severe chronic diseases, including cancer, epilepsy, renal 
or liver insufficiency, rheumatoid arthritis, multiple sclerosis, or gastrointestinal conditions like Crohn’s disease, 
pancreatic insufficiency or ulcerative colitis. Regular use of medications affecting sleep or mood (eg, antidepressants, 
beta-blockers, sedatives, antihistamines) or laxatives was not permitted. Exclusion also applied to those consuming 
>200 mg/day of magnesium or >1 g/day of glycine within one month prior to the study, individuals with alcohol, drug, or 
medication dependence, those unable to provide consent, pregnant or breastfeeding women, recent clinical trial 
participants (<30 days), or those with planned surgery within three months. Major sleep rhythm changes for professional 
or personal reasons were also exclusion criteria.

Intervention
After randomization, participants received their study packages by post. They were instructed to take two capsules daily, 
30–60 minutes before bedtime, while maintaining their usual diet, lifestyle habits, and physical activity throughout the 
intervention period. The magnesium bisglycinate supplement used in this study was manufactured by Biogena, Salzburg, 
Austria. Each capsule contained 893 mg of magnesium bisglycinate, corresponding to 125 mg of magnesium and 
761.5 mg of glycine, providing a total daily dose of 250 mg of magnesium and 1523 mg of glycine. The placebo capsules 
contained cellulose and were visually identical to the test product. The capsule shells were made of hydroxypropyl 
methyl cellulose.

Adherence was monitored via questionnaires and self-reported capsule counts. Individuals in the placebo group were 
offered the active magnesium bisglycinate supplement after unblinding.

Endpoints
Participants completed online questionnaires at baseline (Day 0), weekly throughout the four-week intervention (Days 7, 14, 21), 
and at the end of the study (Day 28) to assess the primary and secondary outcomes described below (Table 1).

Table 1 Endpoints and Assessment days

Screening Day 0 Day 7 Day 14 Day 21 Day 28

Primary endpoint

ISI X X X

Secondary 
endpoints

RIS X X X

SQS X X X X X

PANAS X X X X X

FSS X X X X X

ESS X X X X X

PSS X X

PHQ-4 X X X

Abbreviations: ISI, Insomnia Severity Index; RIS, Regensburg Insomnia Scale; SQS, Single-Item Sleep Quality Scale; 
PANAS, Positive and Negative Affect Schedule; FSS, Fatigue Severity Scale; ESS, Epworth Sleepiness Scale; PSS, Perceived 
Stress Scale; PHQ-4, Patient Health Questionnaire-4.
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Primary Endpoint
The Insomnia Severity Index (ISI), developed and validated by Bastien et al,30 is a widely recognized tool for assessing 
insomnia symptoms in research settings, with a validated German version available for research use.31 It evaluates both 
nighttime and daytime aspects of insomnia through seven items assessing sleep difficulties, satisfaction with sleep, 
functional impairment, and distress. As per the study protocol, the ISI was administered biweekly. The ISI was used 
under a non-commercial academic license from MAPI Research Trust for non-funded academic research purposes.32

Secondary endpoints
The Regensburg Insomnia Scale (RIS) was used for initial screening and as a secondary outcome measure at screening, 
baseline, and day 28.29 The Sleep Quality Scale (SQS), a single-item measure (0–10), assessed sleep quality on a weekly 
basis.33 Fatigue was evaluated using the Fatigue Severity Scale (FSS), which includes nine items assessing physical and 
cognitive fatigue on a 7-point Likert scale.34,35 The Epworth Sleepiness Scale (ESS) assessed daytime sleepiness 
likelihood.36 The Positive and Negative Affect Schedule (PANAS) measured emotional states, with separate 10-item 
scales for positive and negative affect.37 The Perceived Stress Scale (PSS) evaluated perceived stress over the past 
month,38 while the Patient Health Questionnaire-4 (PHQ-4) screened for symptoms of depression and anxiety.39,40

RIS,29 SQS,33 and FSS34 are freely available for non-funded academic research by the authors. ESS,41 PANAS42 and 
PSS43 are available for non-funded academic research via the MAPI Research Trust. The PHQ-4 is available without 
copyright restrictions by Pfizer.44

In addition to these outcome measures, an exploratory analysis assessed the intake of magnesium-rich foods and 
mineral water using a brief, non-validated dietary rating scale developed specifically for this study. This scale categorized 
participants based on their self-reported frequency of consuming magnesium-rich foods. While it provided general 
insights into dietary habits, it was not validated against established dietary assessment methods.

Sample Size and Randomization
A priori power analysis was performed to estimate the necessary sample size. Using the ISI as an outcome measure, an 
effect size (Cohen’s d) of 0.69 was found in a study examining the effects of magnesium supplementation on sleep 
quality in older people.20 As this study targeted a broader age range and multiple outcome measures were utilized, a more 
conservative effect size of 0.45 was used for the sample size calculation. Assuming 80% power and a type 1 error rate (α) 
of 5%, the number of participants required per group to detect an effect on the ISI was estimated as 62. Considering 
a 15% drop-out rate, the goal was to have a minimum of 75 participants in each group.

All eligible participants enrolled in the study were randomly assigned in a 1:1 ratio to one of two groups (magnesium 
bisglycinate or placebo) under double-blind conditions. The random allocation sequence was generated by an indepen
dent investigator who was not involved in recruitment, data collection, or adjudication. Randomization was stratified by 
RIS score, sex, and age (in descending order) using a custom block randomization procedure. The sequence was 
generated using a computerized block randomization method and stored in a secure, access-restricted database accessible 
only to the independent investigator overseeing randomization. Participants were enrolled by the study team, who were 
blinded to group allocation. After enrollment, an independent investigator assigned participants to their respective 
intervention groups.

Allocation concealment was maintained by ensuring that neither participants, investigators, outcome assessors, nor 
data analysts had access to the randomization sequence or group assignments until all outcome data were collected. 
A blinded review and initial analysis were conducted before unblinding to ensure objective data interpretation.

Statistical Methods
Descriptive statistics for quantitative variables, such as BMI, age, and weight, were presented as mean ± standard 
deviation (SD). To evaluate the normality of these variables, the Shapiro–Wilk test was conducted prior to further 
statistical comparisons. For baseline comparisons between groups, independent samples t-tests were utilized for normally 
distributed continuous variables, while chi-squared tests were applied to compare categorical variables.
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Primary outcome assessments followed the intention-to-treat (ITT) principle, ensuring all randomized participants 
were included in the analysis based on their originally assigned group, regardless of adherence to the study protocol. 
A supplementary per-protocol (PP) analysis was conducted, including participants who met the predefined adherence 
criteria—consuming at least 80% of the capsules, missing no more than 7 days of the 28-day study period, and 
completing the trial while following other protocol requirements.

To assess differences between the intervention groups for both primary and secondary outcomes, Generalized Linear 
Mixed Models (GLMMs) were employed to analyze changes in mean scores from baseline to day 28. Fixed effects in the 
GLMM analyses included baseline scores and potential confounding variables such as age, BMI, sex, and occupation. All 
statistical analyses were performed using SPSS software (IBM SPSS Statistics, version 28.0.1.0; Chicago, IL, USA).

To examine potential associations between dietary magnesium intake and changes in ISI scores, a correlation analysis 
was conducted using Spearman’s rank correlation coefficient. Given the non-validated nature of the dietary assessment 
tool and its ordinal 5-point scale, this analysis was considered exploratory. The correlation was computed using Python 
(version 3.10.12) and the SciPy library. Statistical significance for all tests was set at p < 0.05.

In addition to the primary analyses using GLMM, independent samples t-tests were conducted for all primary and 
secondary outcomes at Day 28 to provide direct cross-sectional between-group comparisons at the study endpoint. These 
comparisons, presented in Table 2, serve as additional sensitivity analyses complementing the longitudinal results.

Results
Study Population
A total of 449 individuals completed the online screening questionnaire, of whom 155 were randomized (Figure 1). Of these, 
78 participants were assigned to the placebo group and 77 to the intervention group. Of the randomized participants, 

Table 2 Changes in Outcome Measures From Baseline to week 4 (Intention-to-Treat Analysis)

Endpoint comparison Adjusted mean change from baseline after 4 weeks

Placebo  
n = 76  
Mean ± SD

Magnesium 
bisglycinate 
n = 77  
Mean ± SD

p-value 
(t-test)

Placebo n = 76 
Mean (95% CI)

Magnesium 
bisglycinate  
n = 77 Mean  
(95% CI)

Difference 
between groups 
(95% CI)

p-value 
(GLMM)

Cohen’s d

Primary endpoint

ISI 12.8 ± 5.3 11.0 ± 4.8 0.037* −2.3 (−4.1 to −0.4) −3.9 (−5.8 to −2.0) 1.6 (0.0 to 3.3) 0.049* 0.20

Secondary endpoints

RIS 17.2 ± 4.5 15.7 ± 5.3 0.072 −1.1 (−2.7 to 0.5) −2.0 (−3.7 to −0.4) 1.0 (−0.5 to 2.4) 0.186 0.13

SQS 4.6 ± 2.1 5.3 ± 2.2 0.071 0.3 (−0.5 to 1.2) 1.0 (0.2 to 1.9) −0.7 (−1.4 to 0.1) 0.069 0.18

ESS 7.5 ± 4.1 7.6 ± 4.4 0.874 −1.8 (−3.0 to −0.6) −2.0 (−3.2 to −0.8) 0.3 (−0.8 to 1.3) 0.624 0.05

FSS 40.8 ± 11.1 37.9 ± 11.6 0.142 −1.8 (−5.0 to 1.5) −3.0 (−6.3 to 0.3) 1.3 (−1.6 to 4.2) 0.391 0.09

PSS 19.6 ± 7.2 18.0 ± 7.0 0.218 −2.0 (−4.3 to 0.3) −2.4 (−4.8 to −0.1) 0.4 (−1.7 to 2.5) 0.708 0.04

PANAS (+) 28.6 ± 6.8 29.5 ± 7.5 0.456 1.3 (−1.1 to 3.6) 1.0 (−1.4 to 3.3) 0.3 (−1.8 to 2.4) 0.771 0.03

PANAS (-) 20.2 ± 7.9 20.1 ± 6.9 0.931 −3.0 (−5.2 to −0.8) −2.9 (−5.0 to −0.7) 0.1 (−1.8 to 2.0) 0.894 0.01

PHQ-4 Total 4.2 ± 2.7 3.9 ± 2.7 0.455 0.1 (−0.6 to 0.8) −0.0 (−0.8 to 0.7) −0.2 (−0.8 to 0.5) 0.634 0.05

PHQ-4 (D) 2.1 ± 1.4 1.9 ± 1.4 0.326 −0.1 (−0.5 to 0.3) −0.2 (−0.6 to 0.2) 0.1 (−0.3 to 0.4) 0.711 0.04

PHQ-4 (A) 2.1 ± 1.5 2.0 ± 1.5 0.677 0.2 (−0.2 to 0.7) 0.2 (−0.2 to 0.7) 0.0 (−0.4 to 0.4) 0.860 0.02

Notes: Mean changes (95% CI) represent the average difference in scores from baseline to week 4, with 95% confidence intervals (CI) indicating the range within which the 
true mean difference is expected to lie. Difference (95% CI) refers to the comparison between groups, showing the estimated difference in score changes between placebo 
and magnesium bisglycinate groups. p-values indicate the statistical significance of the observed differences, with values less than 0.05 considered statistically significant 
(bolded in the table). Cohen’s d represents the effect size, indicating the magnitude of the observed differences between groups. For ISI, RIS, ESS, FSS, PSS, PANAS (-), and 
PHQ-4 scores, a negative change indicates improvement. For SQS and PANAS (+) scores, increased scores signify improvement. Results are generated from generalized 
linear mixed-effects models (GLMM) adjusted for age, sex, body mass index, occupation, and corresponding baseline values (time × group interaction). Unadjusted endpoint 
comparisons using independent-samples t-tests are provided for descriptive purposes. Bolded values and an asterisk (*) indicate statistically significant differences (p < 0.05). 
Abbreviations: ISI, Insomnia Severity Index; lower scores indicate improved sleep quality. RIS, Regensburg Insomnia Scale; lower scores indicate reduced insomnia 
symptoms. SQS, Single-Item Sleep Quality Scale; higher scores indicate improved sleep quality. ESS, Epworth Sleepiness Scale; lower scores indicate less daytime sleepiness. 
FSS, Fatigue Severity Scale; lower scores indicate less fatigue. PSS, Perceived Stress Scale; lower scores indicate lower perceived stress. PANAS (+), Positive and Negative 
Affect Schedule (Positive Affect); higher scores indicate more positive affect. PANAS (-), Positive and Negative Affect Schedule (Negative Affect); lower scores indicate less 
negative affect. PHQ-4, Patient Health Questionnaire-4; lower scores indicate fewer symptoms of depression (D) and anxiety (A).
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153 completed the baseline survey and were included in the primary outcome analysis on an ITT basis. At the end of the 
4-week intervention, 65 participants remained in the placebo group and 69 in the intervention group, resulting in 134 
participants completing the study. Two participants in the placebo group withdrew due to stomach pain, while the reasons 
for withdrawal in other cases (11 in the placebo group and 8 in the intervention group) were unspecified. The trial was 
conducted as planned and ended upon completion of the second study wave.

Key demographic and clinical characteristics of the participants are presented in Table 3, while baseline scores of all 
questionnaires are shown in Table 4.

Primary Endpoint: Insomnia Severity Index
Based on the intention-to-treat GLMM analysis detailed in Table 2, the magnesium bisglycinate group had a statistically 
significantly greater between-group mean reduction in ISI scores from baseline to Week 4 [−3.9 (95% CI, −5.8 to −2.0)] 
compared to the placebo group [−2.3 (95% CI, −4.1 to −0.4)] (p = 0.049) (Figure 2). The effect size for this between- 
group difference, as measured by Cohen’s d, was small (d = 0.2), indicating a modest treatment effect. Figure 2 illustrates 
the change in ISI scores over the intervention period. Both groups exhibited significant within-group improvements 
during the first two weeks (data not shown). Within the magnesium bisglycinate group, there was a 28% reduction in ISI 
scores from baseline to day 28 (p = 0.001), compared to an 18% reduction in the placebo group (p = 0.001). These 

Figure 1 CONSORT flow diagram showing participant progression through enrollment (n = 449), exclusion (n = 294), randomization (n = 155), allocation, follow-up, and 
analysis. 
Notes: CONSORT figure adapted from Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised Trials. 
PLoS Med. 2010;7(3): e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.
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within-group reductions suggest that both groups experienced improvements in self-reported insomnia severity, but the 
magnesium bisglycinate group demonstrated a significantly greater benefit over time.

A clinically significant improvement in insomnia was defined as a reduction of 6 points or more in the Insomnia 
Severity Index (ISI) score according to Yang et al.45 In our study, 41 participants (30%) showed such clinically 
significant changes. Within this group, 15 (11%) were in the placebo group and 26 (19%) in the verum group (data 
not shown).

In addition to the primary GLMM analysis, an independent samples t-test comparing groups at Day 28 confirmed 
a statistically significant difference in ISI scores between the magnesium bisglycinate and placebo groups (p = 0.037; Table 2).

Per-Protocol Analysis
The per-protocol (PP) analysis of 134 participants who strictly adhered to the study protocol showed results consistent with the 
ITT evaluation of ISI scores. From baseline to day 28, the magnesium bisglycinate group had a significantly greater reduction 
in ISI scores [−5.0 (95% CI, −7.5 to −2.4)] compared to the placebo group [−3.1 (95% CI, −5.5 to −0.8)] (p = 0.035).

Table 3 Baseline Sociodemographic and Clinical Characteristics

Characteristics Total  
n = 153

Placebo  
n = 76

Magnesium  
bisglycinate n = 77

Mean ± SD Mean ± SD Mean ± SD

Age, [years] 41.5 ± 13.1 42.1 ± 12.9 40.9 ± 13.3

Weight, [kg] 74.3 ± 16.5 75.5 ± 19.6 73.0 ± 12.7
BMI, [kg/m2] 25.4 ± 4.8 25.7 ± 5.5 25.1 ± 4.1

Sex, n (%)

Male 31 (20.3) 16 (21.1) 15 (19.5)
Female 122 (79.7) 60 (78.9) 62 (80.5)

Occupational Status, n (%)

Unemployed 6 (3.9) 3 (3.9) 3 (3.9)
Student 33 (21.6) 11 (14.5) 22 (28.6)

Worker 109 (68.0) 59 (73.7) 50 (62.3)

Pensioner 5 (3.3) 3 (3.9) 2 (2.6)
Physical activity, n (%)

Never, rarely (1–2) 52 (34.0) 30 (39.5) 22 (28.6)

Moderate (3–4) 81 (52.9) 32 (42.1) 49 (63.6)
Often (5) 19 (12.4) 13 (17.1) 6 (7.8)

No answer (6) 1 (0.7) 1 (1.3) 0 (0.0)

Dietary form, n (%)
Omnivore 107 (69.9) 53 (69.7) 54 (70.1)

Vegetarian 36 (23.5) 18 (23.7) 18 (23.4)

Vegan 5 (3.3) 3 (3.9) 2 (2.6)
No answer 5 (3.3) 2 (2.6) 3 (3.9)

Caffeine intake, n (%)

None (<1 cup/day) 26 (17.0) 16 (21.1) 10 (13.0)
Moderate 89 (58.2) 43 (56.6) 46 (59.7)

High 38 (38.0) 17 (22.4) 21 (27.3)
Magnesium-rich diet, n (%)

Almost never 23 (15.0) 13 (17.1) 10 (13.0)

Sometimes 39 (25.5) 22 (28.9) 17 (22.1)
Regularly 53 (34.6) 25 (32.9) 28 (36.4)

Often 38 (24.8) 16 (21.1) 22 (28.6)

Notes: No statistically significant differences were observed between the groups at baseline except for 
physical activity (p=0.039). 
Abbreviations: BMI, body mass index; SD, standard deviation.
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Secondary Endpoints
No statistically significant time × group interaction was observed in the other questionnaires, as determined by both ITT 
and PP analyses (Table 2). The Single-Item Sleep Quality Scale mean scores (higher scores indicate better sleep quality) 
improved significantly in the first week (p < 0.001) in both groups, with no significant changes thereafter (Figure 3). 
Although the magnesium bisglycinate group exhibited greater improvement compared to the placebo group, this 
difference did not reach statistical significance (p = 0.069).

Independent samples t-tests were also conducted for secondary outcomes at Day 28 (Table 2). No statistically 
significant between-group differences were observed for these secondary endpoints in the cross-sectional comparisons.

Table 4 Baseline Scores of Outcome Measures

Characteristics Total  
n = 153

Placebo  
n = 76

Magnesium  
bisglycinate n = 77

Mean ± SD Mean ± SD Mean ± SD

ISI 15.5 ± 3.7 15.7 ± 3.9 15.3 ± 3.5

RIS 18.5 ± 4.3 18.7 ± 4.5 18.3 ± 4.2
SQS 3.7 ± 1.8 3.6 ± 1.8 3.8 ± 1.9

ESS 9.3 ± 4.5 9.5 ± 4.8 9.1 ± 4.2

FSS 43.1 ± 10.9 43.8 ± 11.0 42.4 ± 10.9
PSS 21.6 ± 7.4 22.2 ± 8.0 21.0 ± 6.7

PANAS (+) 27.4 ± 6.7 27.0 ± 6.7 27.8 ± 6.7

PANAS (-) 23.1 ± 7.2 23.5 ± 7.6 22.8 ± 6.8
PHQ-4 4.7 ± 2.9 5.1 ± 3.1 4.3 ± 2.6

Abbreviations: SD, Standard deviation; ISI, Insomnia Severity Index; lower scores indicate 
improved sleep quality. RIS, Regensburg Insomnia Scale; lower scores indicate reduced insom
nia symptoms. SQS, Single-Item Sleep Quality Scale; higher scores indicate improved sleep 
quality. ESS, Epworth Sleepiness Scale; lower scores indicate less daytime sleepiness. FSS, 
Fatigue Severity Scale; lower scores indicate less fatigue. PSS, Perceived Stress Scale; lower 
scores indicate lower perceived stress. PANAS (+), Positive and Negative Affect Schedule 
(Positive Affect); higher scores indicate more positive affect. PANAS (-), Positive and Negative 
Affect Schedule (Negative Affect); lower scores indicate less negative affect. PHQ-4, Patient 
Health Questionnaire-4; lower scores indicate fewer symptoms of depression and anxiety.

Figure 2 Mean Insomnia Severity Index (ISI) scores over time (intention-to-treat). Data represent estimated means from generalized linear mixed-effects models (GLMM), 
adjusted for age, sex, body mass index, and occupation. Error bars indicate the standard error of the mean (SEM). Asterisks (*) denote statistically significant differences (p = 0.049) 
with a small effect size (d = 0.2).
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Exploratory Analyses
Before the intervention, dietary magnesium intake of all participants was assessed using a non-validated single question 
Likert scale. A small but statistically significant inverse correlation (Spearman’s rho = −0.25, p = 0.036) was observed 
between magnesium intake and ISI change scores in the magnesium bisglycinate group (Figure 4). No significant 
correlations were observed in the placebo (p = 0.795) group.

Sleep Diary Outcomes
As sleep diary completion was voluntary, fewer than 10% of participants provided complete entries. This limited the 
available data to such an extent that meaningful interpretation of sleep diary outcomes was not possible.

Adverse Events
Reports about adverse events were collected during the study and tolerability of capsule intake was assessed at the end of 
the study in the questionnaires. The frequency of self-reported adverse events is detailed in Table 5. There were no 
reports of any serious adverse events in the trial, although two participants in the placebo group withdrew due to reported 
gastrointestinal issues. Most participants, specifically 93%, did not report any adverse events.

Figure 3 Mean Single-Item Sleep Quality Scale (SQS) scores over time. Data represent estimated means from generalized linear mixed-effects models (GLMM), adjusted for 
age, sex, body mass index, and occupation. Error bars indicate the standard error of the mean (SEM). (#) indicates a trend toward significance (p < 0.10).

Figure 4 Correlation of dietary magnesium intake with ISI score changes. Scatter plot showing the correlation between self-reported dietary magnesium intake (1 = low, 5 = 
high) and changes in ISI scores. Results are presented separately for the placebo group (▲) and the magnesium bisglycinate group (●). Spearman correlation coefficients (ρ) 
and p-values are provided for each group. Shaded areas represent 95% confidence intervals.
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Discussion
Summary of Findings
This nationwide, home-based, four-week, randomized, double-blind, placebo-controlled trial provides valuable insights into 
the effects of magnesium bisglycinate on sleep quality in individuals with self-reported insomnia symptoms. Generalized 
linear mixed model (GLMM) analysis confirmed a small but statistically significant reduction in ISI scores following 
supplementation with 250 mg elemental magnesium and 1523 mg glycine daily, with most improvements occurring within 
the first 14 days and sustained thereafter. This effect was further supported by per-protocol (PP) analysis, reinforcing the 
robustness of the findings. The effect size for ISI reduction was small (d = 0.2), indicating a modest but potentially meaningful 
treatment effect. However, it was well tolerated, with reported side effects occurring less frequently in the magnesium 
bisglycinate group than in the placebo group. Sleep quality (SQS) improved significantly in both groups within the first week, 
though the between-group difference did not reach statistical significance (p = 0.069).

Comparison with Previous Research
A recent systematic review concluded that while observational studies suggest an association between magnesium status 
and sleep quality, interventional trials have yielded inconsistent results, highlighting the need for well-designed studies 
with larger sample sizes and longer durations.22 However, with two additional randomized trials published in 202421,46 

and the present study—the largest placebo-controlled trial on magnesium and sleep to date—growing evidence supports 
the role of magnesium supplementation in improving sleep outcomes.

There were no significant between-group differences in secondary outcomes. Although participants had higher 
baseline scores on secondary measures (eg, RIS, FSS, and PSS), no time × group interaction was observed. 
A possible reason for the lack of between-group effects on the RIS and SQS is their lower sensitivity compared to the 
ISI. The SQS consisted of a single question, providing less precise data than the ISI (7 items) and the RIS (10 items). In 
addition, the RIS was mainly designed to assess improvements after cognitive behavioral therapy for insomnia (CBT-I) 
and includes a question about sleep medication use, making it less applicable here. It was therefore used primarily as 
a screening tool at recruitment. Baseline ESS scores did not indicate daytime sleepiness, and the intervention period may 
have been too short to induce a measurable improvement.

The self-rated stress scores (PSS) in this study showed no significant reductions (p = 0.7, Cohen’s d = 0.04), indicating that 
the magnesium bisglycinate intervention had little to no measurable effect on stress within the four-week period. This lack of 
effect may reflect the short duration of the intervention or variability between participants. For example, significant reductions 
in PSS scores have only been observed after longer interventions, such as in an eight-week trial of another supplement.47 

Participants in this study did not report notable mood disturbances at baseline, and while magnesium deficiency is associated 
with depression,48 no changes in mood-related parameters (PHQ-4, PANAS) were observed.

Table 5 Self-Reported Adverse Events in the Placebo and Magnesium 
bisglycinate Groups

Placebo  
n = 76

Magnesium  
bisglycinate n = 77

Gastrointestinal issues 3

Sleep disturbances 1
Headaches 1

Dizziness & Nausea 1

Frequent urination 1
Increased thirst at night 1

Joint pain 1

Total number of adverse events 7 2

Notes: The table presents the frequency of adverse events reported by participants in 
each group. No statistically significant differences were observed between groups, and no 
participants discontinued the trial due to adverse events.
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An exploratory analysis using a non-validated 1–5 visual analogue scale for magnesium-rich food and water intake 
suggested an inverse correlation with ISI improvements in the magnesium bisglycinate group (Spearman’s rank = 0.25, 
p = 0.036) but not in the placebo group (Spearman’s rank = 0.03, p = 0.795). However, the methodological limitations of 
this scale necessitate validation through dietary recalls and laboratory markers (eg, 24-h urine) to accurately assess 
magnesium levels and identify potential treatment responders to supplementation.

Mechanisms of Action
These findings raise the question of how magnesium exerts its effects on sleep at a mechanistic level. Animal studies 
have extensively examined the role of magnesium in brain function and sleep regulation, suggesting that its sleep- 
enhancing properties may stem from both central nervous system (CNS) activity and peripheral muscle relaxation. For 
example, a trial in rats found that a magnesium-deficient diet was associated with neuronal excitability and disturbed 
sleep patterns.49 Another study conducted on mice found that magnesium concentrations vary by brain region, with the 
frontal cortex and basal forebrain showing the highest levels.50 Longer slow-wave sleep during recovery from sleep 
deprivation correlated with increased magnesium in the motor cortex, amygdala, midbrain, and cerebellum.

In vitro studies provide further insight into magnesium’s role in both the CNS and muscle function. Research on skinned 
skeletal muscle fibers has shown that magnesium regulates calcium movements between the sarcoplasmic reticulum and the 
myofilament space,51 promoting calcium uptake and reducing intracellular calcium levels during muscle relaxation. In the CNS, 
magnesium at physiologically relevant concentrations potentiates GABAA receptor activity,52 thereby enhancing inhibitory 
neurotransmission, reducing neuronal excitability, and promoting relaxation, which may contribute to improved sleep quality.

Although magnesium is postulated to be the main contributor to the observed effects, glycine may provide 
complementary benefits. As an inhibitory neurotransmitter, glycine interacts with NMDA receptors and has been 
implicated in promoting relaxation and deeper sleep through mechanisms such as lowering core body temperature.26 

The specific properties of the magnesium-glycine complex may offer advantages over other forms of magnesium.
Beyond these potential synergistic effects, the tissue-specific bioavailability of magnesium bisglycinate may further 

influence its effectiveness. While previous research suggests that different magnesium forms have similar intestinal 
absorption rates,25 there could be some minor variations in tissue-specific bioavailability: magnesium bisglycinate has 
been shown to increase brain magnesium levels at high doses in mice, whereas its effects on muscle magnesium levels 
appear to be minimal,53 suggesting a selective tissue uptake pattern. Evidence from individuals with impaired ionic 
magnesium absorption suggests that magnesium bisglycinate may be partially absorbed intact as a dipeptide,54 which 
could allow for potential differences in tissue-specific bioavailability after absorption.

Study Strengths, Limitations and Directions for Future Research
This was a large, nationwide, placebo-controlled trial and the first to test magnesium bisglycinate for its effects on sleep, 
with both intention-to-treat (ITT) and per-protocol (PP) analyses confirming a statistically significant effect on ISI scores. 
Conducted as a home-based, online assessment, this trial collected real-world evidence on the impact of magnesium 
bisglycinate in a naturalistic setting, enhancing its applicability to daily life. The study utilized validated psychological 
questionnaires and included a diverse group of participants reflecting the German population affected by mild to 
moderate sleep disturbances, with variation in age, gender, and occupational status.

While magnesium bisglycinate significantly improved ISI scores, the mean score at week 4 remained in the 
subthreshold insomnia range,45 indicating that supplementation alone is unlikely to eliminate insomnia in many 
individuals. The validity of the sleep-related outcomes is limited by the exclusive reliance on self-reported data without 
objective verification. Future studies should incorporate objective sleep assessments, such as actigraphy or polysomno
graphy, to corroborate self-reported improvements.

The observed exploratory inverse association between treatment response and self-reported dietary magnesium intake 
suggests that individuals with lower magnesium intake may benefit more from supplementation, supporting the general
izability of these findings. However, the use of an unvalidated questionnaire to assess dietary intake and the absence of 
biochemical markers of magnesium status raise the possibility that factors such as overall dietary quality or health status 
may have influenced the results. Future trials should consider using validated dietary assessment methods such as food 
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frequency questionnaires (FFQs). They should also include biochemical markers of magnesium status, such as serum 
magnesium or, preferably, 24-hour urinary magnesium excretion, which may better reflect magnesium balance before and 
after supplementation. In addition, mechanistic studies investigating neurotransmitter activity and hormone levels (eg, 
cortisol) could help clarify how magnesium influences sleep regulation.

Given the complexity of magnesium’s transport and distribution, further research should investigate whether and how 
different magnesium formulations influence tissue-specific uptake, particularly in the brain. Future research should 
compare different magnesium formulations, such as magnesium citrate, taurate, and oxide, to determine if specific 
forms offer advantages for sleep and neurological function.

Although stress and mood (PSS, PHQ-4) were assessed, magnesium bisglycinate showed no consistent effects in this 
study. As these outcomes were not the focus of the intervention, future research should investigate potential psycholo
gical benefits in more specifically targeted populations.

Conclusion
This study is the first to evaluate the effects of magnesium bisglycinate on sleep quality in a national, home-based trial 
with broad inclusion criteria, providing insight into its real-world applicability. The results suggest that 28 days of 
supplementation (250 mg elemental magnesium, 1523 mg glycine) resulted in modest but statistically significant 
improvements in ISI scores (d = 0.2) in adults with self-reported primary insomnia symptoms, as confirmed by both 
ITT and PP analyses. While no significant effects were observed in other parameters, these findings support magnesium 
bisglycinate as a potential non-pharmacological option for mild insomnia.

Future studies should confirm these findings in diverse populations, examine long-term effects and safety, and include 
objective sleep assessments. In addition, research should examine how different magnesium formulations, dosages, and 
baseline magnesium levels affect sleep outcomes to refine personalized recommendations.

AI Assistance
During the preparation of this work, the authors used DeepL and ChatGPT (versions 3 and 4o) to assist with language 
phrasing and translation accuracy. All content was reviewed and edited by the authors to ensure accuracy and originality, 
and the authors take full responsibility for the final version of the manuscript.

Data Sharing Statement
The data supporting the results and analyses presented in this study will be made available upon reasonable request in 
accordance with the Taylor & Francis Share Upon Reasonable Request Data Policy (https://authorservices.taylorandfran 
cis.com/data-sharing-policies/share-upon-reasonable-request/). Researchers interested in accessing the data should con
tact the corresponding author for further details. Any data sharing will be subject to ethical and privacy considerations.

Author Contributions
Julius Schuster (corresponding author): Conceptualization, Methodology, Validation, Investigation, Data curation, 
Writing – original draft, Writing – review & editing, Project administration.

Igor Cycelskij: Conceptualization, Methodology, Validation, Investigation, Writing – original draft, Visualization.
Adrian Lopresti: Formal analysis, Writing – review & editing.
Andreas Hahn: Conceptualization, Methodology, Funding acquisition, Resources, Supervision, Writing – review and 

editing.
All authors critically revised the manuscript, approved the final version, and agree to be accountable for all aspects of 

this work. All authors have agreed on the journal to which the article has been submitted.

Funding
This study was funded by the Institute of Food and One Health, Leibniz University Hannover. The research was 
conducted within the institute as part of an internal academic project. Study design, data collection, analysis, and 
manuscript preparation were carried out by the authors.

https://doi.org/10.2147/NSS.S524348                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Nature and Science of Sleep 2025:17 2038

Schuster et al                                                                                                                                                                 

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://authorservices.taylorandfrancis.com/data-sharing-policies/share-upon-reasonable-request/
https://authorservices.taylorandfrancis.com/data-sharing-policies/share-upon-reasonable-request/


Disclosure
Adrian Lopresti is the managing director of Clinical Research Australia, a contract research organization that receives 
research funding from nutraceutical companies. Adrian Lopresti has also received presentation honoraria from nutra
ceutical companies. The other authors have no conflicts of interest to disclose.

References
1. Miner B, Kryger MH. Sleep in the aging population. Sleep Med Clin. 2017;12(1):31–38. doi:10.1016/j.jsmc.2016.10.008
2. Schlack R, Hapke U, Maske U, Busch M, Cohrs S. Häufigkeit und Verteilung von Schlafproblemen und Insomnie in der deutschen 

Erwachsenenbevölkerung. Bundesgesundheitsbl. 2013;56(5):740–748. doi:10.1007/s00103-013-1689-2
3. Ohayon MM. Epidemiological overview of sleep disorders in the general population. Sleep Med Res. 2011;2(1):1–9. doi:10.17241/smr.2011.2.1.1
4. Zeng L-N, Zong -Q-Q, Yang Y, et al. Gender difference in the prevalence of insomnia: a meta-analysis of observational studies. Front Psychiatry. 

2020;11:1162. doi:10.3389/fpsyt.2020.577429
5. Philip P, Sagaspe P, Prague M, et al. Acute versus chronic partial sleep deprivation in middle-aged people: differential effect on performance and 

sleepiness. Sleep. 2012;35(7):997–1002. doi:10.5665/sleep.1968
6. McCoy JG, Strecker RE. The cognitive cost of sleep lost. Neurobiol Learn Mem. 2011;96(4):564–582. doi:10.1016/j.nlm.2011.07.004
7. Palagini L, Bastien CH, Marazziti D, Ellis JG, Riemann D. The key role of insomnia and sleep loss in the dysregulation of multiple systems 

involved in mood disorders: a proposed model. J Sleep Res. 2019;28(6):e12841. doi:10.1111/jsr.12841
8. Hertenstein E, Feige B, Gmeiner T, et al. Insomnia as a predictor of mental disorders: a systematic review and meta-analysis. Sleep Med Rev. 

2019;43:96–105. doi:10.1016/j.smrv.2018.10.006
9. Li L, Gan Y, Zhou X, et al. Insomnia and the risk of hypertension: a meta-analysis of prospective cohort studies. Sleep Med Rev. 2021;56:101403. 

doi:10.1016/j.smrv.2020.101403
10. Rod NH, Vahtera J, Westerlund H, et al. Sleep disturbances and cause-specific mortality: results from the GAZEL cohort study. Am J Epidemiol. 

2011;173(3):300–309. doi:10.1093/aje/kwq371
11. Edinger JD, Arnedt JT, Bertisch SM, et al. Behavioral and psychological treatments for chronic insomnia disorder in adults: an American Academy 

of Sleep Medicine clinical practice guideline. J Clin Sleep Med. 2021;17(2):255–262. doi:10.5664/jcsm.8986
12. Wagner J, Wagner ML. Non-benzodiazepines for the treatment of insomnia. Sleep Med Rev. 2000;4(6):551–581. doi:10.1053/smrv.2000.0126
13. Verster JC, Veldhuijzen DS, Volkerts ER. Residual effects of sleep medication on driving ability. Sleep Med Rev. 2004;8(4):309–325. doi:10.1016/j. 

smrv.2004.02.001
14. Vuurman EFPM, Rikken GH, Muntjewerff ND, de Halleux F, Ramaekers JG. Effects of desloratadine, diphenhydramine, and placebo on driving 

performance and psychomotor performance measurements. Eur J Clin Pharmacol. 2004;60(5):307–313. doi:10.1007/s00228-004-0757-9
15. Bliwise DL, Ansari FP. Insomnia associated with valerian and melatonin usage in the 2002 National Health Interview Survey. Sleep. 2007;30 

(7):881–884. doi:10.1093/sleep/30.7.881
16. Costello RB, Lentino CV, Boyd CC, et al. The effectiveness of melatonin for promoting healthy sleep: a rapid evidence assessment of the literature. 

Nutr J. 2014;13(1):1–17. doi:10.1186/1475-2891-13-106
17. Glasdam S-M, Glasdam S, Peters GH. The importance of magnesium in the human body: a systematic literature review. Adv Clin Chem. 

2016;73:169–193. doi:10.1016/bs.acc.2015.10.002
18. Costello RB, Elin RJ, Rosanoff A, et al. Perspective: the case for an evidence-based reference interval for serum magnesium: the time has come. 

Adv Nutr. 2016;7(6):977–993. doi:10.3945/an.116.012765
19. Zhang Y, Chen C, Lu L, et al. Association of magnesium intake with sleep duration and sleep quality: findings from the CARDIA study. Sleep. 

2022;45(4). doi:10.1093/sleep/zsab276
20. Abbasi B, Kimiagar M, Sadeghniiat K, Shirazi MM, Hedayati M, Rashidkhani B. The effect of magnesium supplementation on primary insomnia 

in elderly: a double-blind placebo-controlled clinical trial. J Res Med Sci. 2012;17(12):1161–1169.
21. Hausenblas HA, Lynch T, Hooper S, Shrestha A, Rosendale D, Gu J. Magnesium-L-threonate improves sleep quality and daytime functioning in 

adults with self-reported sleep problems: a randomized controlled trial. Sleep Med X. 2024;8:100121. doi:10.1016/j.sleepx.2024.100121
22. Arab A, Rafie N, Amani R, Shirani F. The role of magnesium in sleep health: a systematic review of available literature. Biol Trace Elem Res. 

2023;201(1):121–128. doi:10.1007/s12011-022-03162-1
23. Brilla L, Teichler L, Hahn T, Freeman J, Li Y. Effect of magnesium on heart rate variability in healthy subjects. FASEB J. 2010;24(S1). 

doi:10.1096/fasebj.24.1_supplement.917.3
24. Supakatisant C, Phupong V. Oral magnesium for relief in pregnancy-induced leg cramps: a randomised controlled trial. Maternal Child Nutrition. 

2015;11(2):139–145. doi:10.1111/j.1740-8709.2012.00440.x
25. Schuchardt JP, Hahn A. Intestinal absorption and factors influencing bioavailability of magnesium–an update. Curr Nutr Food Sci. 2017;13 

(4):260–278. doi:10.2174/1573401313666170427162740
26. Bannai M, Kawai N. New therapeutic strategy for amino acid medicine: glycine improves the quality of sleep. J Pharmacol Sci. 2012;118 

(2):145–148. doi:10.1254/jphs.11r04fm
27. Inagawa K, Hiraoka T, Kohda T, Yamadera W, Takahashi M. Subjective effects of glycine ingestion before bedtime on sleep quality. Sleep Biol 

Rhythms. 2006;4(1):75–77. doi:10.1111/j.1479-8425.2006.00193.x
28. Yamadera W, Inagawa K, Chiba S, Bannai M, Takahashi M, Nakayama K. Glycine ingestion improves subjective sleep quality in human 

volunteers, correlating with polysomnographic changes. Sleep Biol Rhythms. 2007;5(2):126–131. doi:10.1111/j.1479-8425.2007.00262.x
29. Crönlein T, Langguth B, Popp R, et al. Regensburg Insomnia Scale (RIS): a new short rating scale for the assessment of psychological symptoms 

and sleep in insomnia; Study design: development and validation of a new short self-rating scale in a sample of 218 patients suffering from 
insomnia and 94 healthy controls. Health Qual Life Outcomes. 2013;11(1):1–8. doi:10.1186/1477-7525-11-65

30. Bastien CH, Vallières A, Morin CM. Validation of the insomnia severity index as an outcome measure for insomnia research. Sleep Med. 2001;2 
(4):297–307. doi:10.1016/s1389-9457(00)00065-4

Nature and Science of Sleep 2025:17                                                                                               https://doi.org/10.2147/NSS.S524348                                                                                                                                                                                                                                                                                                                                                                                                   2039

Schuster et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.jsmc.2016.10.008
https://doi.org/10.1007/s00103-013-1689-2
https://doi.org/10.17241/smr.2011.2.1.1
https://doi.org/10.3389/fpsyt.2020.577429
https://doi.org/10.5665/sleep.1968
https://doi.org/10.1016/j.nlm.2011.07.004
https://doi.org/10.1111/jsr.12841
https://doi.org/10.1016/j.smrv.2018.10.006
https://doi.org/10.1016/j.smrv.2020.101403
https://doi.org/10.1093/aje/kwq371
https://doi.org/10.5664/jcsm.8986
https://doi.org/10.1053/smrv.2000.0126
https://doi.org/10.1016/j.smrv.2004.02.001
https://doi.org/10.1016/j.smrv.2004.02.001
https://doi.org/10.1007/s00228-004-0757-9
https://doi.org/10.1093/sleep/30.7.881
https://doi.org/10.1186/1475-2891-13-106
https://doi.org/10.1016/bs.acc.2015.10.002
https://doi.org/10.3945/an.116.012765
https://doi.org/10.1093/sleep/zsab276
https://doi.org/10.1016/j.sleepx.2024.100121
https://doi.org/10.1007/s12011-022-03162-1
https://doi.org/10.1096/fasebj.24.1_supplement.917.3
https://doi.org/10.1111/j.1740-8709.2012.00440.x
https://doi.org/10.2174/1573401313666170427162740
https://doi.org/10.1254/jphs.11r04fm
https://doi.org/10.1111/j.1479-8425.2006.00193.x
https://doi.org/10.1111/j.1479-8425.2007.00262.x
https://doi.org/10.1186/1477-7525-11-65
https://doi.org/10.1016/s1389-9457(00)00065-4


31. Gerber M, Lang C, Lemola S, et al. Validation of the German version of the insomnia severity index in adolescents, young adults and adult workers: 
results from three cross-sectional studies. BMC Psychiatry. 2016;16(1). doi:10.1186/s12888-016-0876-8

32. ePROVIDE - Mapi Research Trust. Official ISI | insomnia severity index distributed by Mapi Research Trust | ePROVIDE; 2025. Available from: 
https://eprovide.mapi-trust.org/instruments/insomnia-severity-index. Accessed March 15, 2025.

33. Snyder E, Cai B, DeMuro C, Morrison MF, Ball W. A new single-item sleep quality scale: results of psychometric evaluation in patients with 
chronic primary insomnia and depression. J Clin Sleep Med. 2018;14(11):1849–1857. doi:10.5664/jcsm.7478

34. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity scale: application to patients with multiple sclerosis and systemic lupus 
erythematosus. Arch Neurol. 1989;46(10):1121–1123. doi:10.1001/archneur.1989.00520460115022

35. Valko PO, Bassetti CL, Bloch KE, Held U, Baumann CR. Validation of the fatigue severity scale in a Swiss Cohort. Sleep. 2008;31(11):1601–1607. 
doi:10.1093/sleep/31.11.1601

36. Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness scale. Sleep. 1991;14(6):540–545. doi:10.1093/sleep/14.6.540
37. Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and negative affect: the PANAS scales. J Personal Soc 

Psychol. 1988;54(6):1063–1070. doi:10.1037/0022-3514.54.6.1063
38. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Social Behav. 1983;24(4):385. doi:10.2307/2136404
39. Kroenke K, Spitzer RL, Williams JB, Löwe B. An ultra-brief screening scale for anxiety and depression: the PHQ–4. Psychosomatics. 2009;50 

(6):613–621. doi:10.1016/s0033-3182(09)70864-3
40. Tillinger J. Der PHQ-4 zur Messung von Depressivität und Angst bei operativen Patienten der Anästhesieambulanz; 2015.
41. ePROVIDE - Mapi Research Trust. Official ESS | Epworth sleepiness scale distributed by Mapi Research Trust | ePROVIDE; 2025. Available 

from: https://eprovide.mapi-trust.org/instruments/epworth-sleepiness-scale. Accessed March 15, 2025.
42. ePROVIDE - Mapi Research Trust. Official PANAS | positive and negative affect schedule distributed by Mapi Research Trust | ePROVIDE; 2025. 

Available from: https://eprovide.mapi-trust.org/instruments/positive-and-negative-affect-schedule. Accessed March 15, 2025.
43. ePROVIDE - Mapi Research Trust. Official PSS-10 | perceived stress scale - 10 items distributed by Mapi Research Trust | ePROVIDE; 2025. 

Available from: https://eprovide.mapi-trust.org/instruments/perceived-stress-scale-10-items. Accessed March 14, 2025.
44. Pfizer to offer free public access to mental health assessment tools to improve diagnosis and patient care | Pfizer; 2025. Available from: https:// 

www.pfizer.com/news/press-release/press-release-detail/pfizer_to_offer_free_public_access_to_mental_health_assessment_tools_to_improve_diag 
nosis_and_patient_care. Accessed March 14, 2025.

45. Yang M, Morin CM, Schaefer K, Wallenstein GV. Interpreting score differences in the insomnia severity index: using health-related outcomes to 
define the minimally important difference. Curr Med Res Opin. 2009;25(10):2487–2494. doi:10.1185/03007990903167415

46. Breus M, Hooper S, Lynch T, Hausenblas H. Effectiveness of magnesium supplementation on sleep quality and mood for adults with poor sleep 
quality: a randomized double-blind placebo-controlled crossover pilot trial. MRAJ. 2024;12(7). doi:10.18103/mra.v12i7.5410

47. Lopresti AL, Smith SJ, Metse AP, Drummond PD. A randomized, double-blind, placebo-controlled trial investigating the effects of an Ocimum 
tenuiflorum (Holy Basil) extract (HolixerTM) on stress, mood, and sleep in adults experiencing stress. Front Nutr. 2022;9. doi:10.3389/fnut.2022.965130

48. Jung HY, Hahm W, Na KS. Decreased peripheral magnesium levels in depression: a systematic review and meta-analysis. Eur 
Neuropsychopharmacol. 2019;29:S283. doi:10.1016/j.euroneuro.2018.11.446

49. Depoortere H, Françon D, Llopis J. Effects of a magnesium-deficient diet on sleep organization in rats. Neuropsychobiology. 1993;27(4):237–245. 
doi:10.1159/000118988

50. Chollet D, Franken P, Raffin Y, Malafosse A, Widmer J, Tafti M. Blood and brain magnesium in inbred mice and their correlation with sleep 
quality. Am J Physiol Regul Integr Comp Physiol. 2000;279(6):R2173–8. doi:10.1152/ajpregu.2000.279.6.R2173

51. Stephenson EW, Podolsky RJ. Regulation by magnesium of intracellular calcium movement in skinned muscle fibers. J Gen Physiol. 1977;69 
(1):1–16. doi:10.1085/jgp.69.1.1

52. Möykkynen T, Uusi-Oukari M, Heikkilä J, Lovinger DM, Lüddens H, Korpi ER. Magnesium potentiation of the function of native and recombinant 
GABA(A) receptors. Neuroreport. 2001;12(10):2175–2179. doi:10.1097/00001756-200107200-00026

53. Ates M, Kizildag S, Yuksel O, et al. Dose-dependent absorption profile of different magnesium compounds. Biol Trace Elem Res. 2019;192 
(2):244–251. doi:10.1007/s12011-019-01663-0

54. Schuette SA, Lashner BA, Janghorbani M. Bioavailability of magnesium diglycinate vs magnesium oxide in patients with ileal resection. JPEN 
J Parenter Enteral Nutr. 1994;18(5):430–435. doi:10.1177/0148607194018005430

Nature and Science of Sleep                                                                                                       

Publish your work in this journal 
Nature and Science of Sleep is an international, peer-reviewed, open access journal covering all aspects of sleep science and sleep medicine, 
including the neurophysiology and functions of sleep, the genetics of sleep, sleep and society, biological rhythms, dreaming, sleep disorders 
and therapy, and strategies to optimize healthy sleep. The manuscript management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

Nature and Science of Sleep 2025:17 2040

Schuster et al                                                                                                                                                                 

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1186/s12888-016-0876-8
https://eprovide.mapi-trust.org/instruments/insomnia-severity-index
https://doi.org/10.5664/jcsm.7478
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1093/sleep/31.11.1601
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.2307/2136404
https://doi.org/10.1016/s0033-3182(09)70864-3
https://eprovide.mapi-trust.org/instruments/epworth-sleepiness-scale
https://eprovide.mapi-trust.org/instruments/positive-and-negative-affect-schedule
https://eprovide.mapi-trust.org/instruments/perceived-stress-scale-10-items
https://www.pfizer.com/news/press-release/press-release-detail/pfizer_to_offer_free_public_access_to_mental_health_assessment_tools_to_improve_diagnosis_and_patient_care
https://www.pfizer.com/news/press-release/press-release-detail/pfizer_to_offer_free_public_access_to_mental_health_assessment_tools_to_improve_diagnosis_and_patient_care
https://www.pfizer.com/news/press-release/press-release-detail/pfizer_to_offer_free_public_access_to_mental_health_assessment_tools_to_improve_diagnosis_and_patient_care
https://doi.org/10.1185/03007990903167415
https://doi.org/10.18103/mra.v12i7.5410
https://doi.org/10.3389/fnut.2022.965130
https://doi.org/10.1016/j.euroneuro.2018.11.446
https://doi.org/10.1159/000118988
https://doi.org/10.1152/ajpregu.2000.279.6.R2173
https://doi.org/10.1085/jgp.69.1.1
https://doi.org/10.1097/00001756-200107200-00026
https://doi.org/10.1007/s12011-019-01663-0
https://doi.org/10.1177/0148607194018005430
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Trial Design and Participants
	Intervention
	Endpoints
	Primary Endpoint
	Secondary endpoints

	Sample Size and Randomization
	Statistical Methods

	Results
	Study Population
	Primary Endpoint: Insomnia Severity Index
	Per-Protocol Analysis
	Secondary Endpoints
	Exploratory Analyses
	Sleep Diary Outcomes
	Adverse Events

	Discussion
	Summary of Findings
	Comparison with Previous Research
	Mechanisms of Action
	Study Strengths, Limitations and Directions for Future Research

	Conclusion
	AI Assistance
	Data Sharing Statement
	Author Contributions
	Funding
	Disclosure

