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Purpose: Background: Sleep is essential for both physical and cognitive functioning. Magnesium, a vital mineral, plays a key role in
sleep regulation. Adequate sleep and sufficient magnesium intake are critical for university students’ overall well-being, academic
performance, and long-term health. This study aimed to investigate the association between dietary magnesium intake and sleep
quality in university students in Saudi Arabia.

Methods: An analytic cross-sectional study was conducted using an electronic questionnaire distributed to 1206 university students in
the Eastern Province of Saudi Arabia via social media. Data were collected from December 2023 to March 2024 over a 3-month
period. Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI), and magnesium intake was evaluated using
a magnesium food frequency questionnaire (MgFFQ).

Results: Of 1206 participants, 305 met the inclusion criteria, of which 69% were female. A significant association was observed
between shorter sleep duration (<5 h) and lower monthly magnesium intake (p = 0.008). Daytime dysfunction was also significantly
associated with a low monthly magnesium intake (p = 0.009). The median PSQI score was significantly higher in females than males
(p = 0.038).

Conclusion: Higher dietary magnesium intake was associated with better sleep quality, longer sleep duration, and reduced daytime
dysfunction, highlighting the potential benefits of magnesium-rich diets for sleep health. Importantly, a significant sex disparity was
observed in this university cohort, where females demonstrated poorer sleep quality than males. Therefore, dietary awareness
programs that promote magnesium-rich food sources should be incorporated into student health initiatives to support improved
sleep quality.
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Introduction

Sleep is a fundamental physiological process that is essential for physical restoration and mental health. High-quality
sleep is characterized by adequate duration, continuity, and restorative properties, whereas poor sleep can impair immune
function and increase the risk of chronic diseases. A recent global systematic review reported a poor sleep quality rate of
~40% among community-dwelling adults.' The prevalence in Spain was found to be 38.2%,” while in Thailand a study
among older adults reported a rate of approximately 44.0%> These values emphasize the high and relatively stable burden
of poor sleep quality across diverse international settings.

Adequate sleep is increasingly being recognized as the cornerstone of physical recovery and psychological well-
being. Restorative sleep, characterized by sufficient duration, stability, and depth, supports immune competence,
metabolic balance, and healthy cognitive performance. In contrast, inadequate or fragmented sleep has been linked to
dysregulated immune activity, greater vulnerability to infections, and a higher risk of long-term conditions such as

cardiovascular disease, diabetes, and mood disorders.* Recent investigations further show that disturbed sleep modifies
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immune cell profiles and cytokine secretion, promoting persistent low-grade inflammation that may accelerate chronic
illness.™®

In Saudi Arabia, 72.5% of 433 primary healthcare visitors in Al-Ahsa reported poor sleep, with the highest prevalence
(81.7%) among those aged 18-28 years.” Similarly, and 75.93% of students exhibited poor sleep quality. Lower grade
point averages (GPAs) were associated with higher PSQI scores, suggesting a link between sleep quality and academic
performance.®

Magnesium (Mg) is an essential micronutrient involved in over 300 enzymatic reactions, including those related to
energy metabolism, protein synthesis, glucose regulation, and neuromuscular function. A recent systematic review found
that magnesium supplementation is associated with lowered levels of inflammatory biomarkers (eg, hs-CRP and IL-1),
improved lipid profiles, enhanced glycemic control, and reduced blood pressure, especially in populations with metabolic
or cardiovascular risk.’

Mg intake has been linked to better endothelium-dependent vasodilation, favorable alterations in lipid metabolism,
and lower odds of hypertension and dyslipidemia.'® Diets rich in magnesium (leafy greens, legumes, seeds, whole grains,
nuts) also correlate inversely with the risk of osteoporosis, especially in older adults, when magnesium depletion is taken
into account.'’ Thus, maintaining sufficient magnesium status through diet or supplementation where needed may help in
the prevention of metabolic disorders, bone demineralization, and inflammation.

Subclinical hypomagnesemia, characterized by suboptimal Mg levels, often goes undiagnosed because of nonspecific
symptoms and can disrupt circadian rhythms, neuromuscular function, cardiovascular health, and metabolism. It is
associated with chronic conditions such as type 2 diabetes and hypertension, underscoring the importance of dietary or
supplemental Mg to mitigate long-term health risks.'?

Mg facilitates sleep through multiple mechanisms, including the activation of glutamatergic and gamma-aminobutyric
acid (GABA) systems, inhibition of N-methyl-D-aspartate (NMDA) receptors for muscle relaxation, and reduction of
stress biomarkers, thereby decreasing nervous system excitability.'> Additionally, Mg enhances melatonin secretion,
supporting circadian regulation, and alleviating insomnia symptoms.'?

Emerging evidence indicates that sleep quality is not uniform between sexes in university students, with females
consistently reporting poorer sleep and more frequent insomnia symptoms than males, including within Saudi Arabia,®
however, few studies have examined the role of specific micronutrients. Recent findings point to an emerging issue of
insufficient magnesium intake among younger populations in Saudi Arabia.'* This deficiency appears to be associated
with the growing reliance on modern dietary patterns, particularly those dominated by refined carbohydrates, sugars, and
processed foods."* In this context, limited research has been conducted in Saudi Arabia, particularly among university
students. This study addresses this gap by examining the association between dietary magnesium intake and sleep quality
in a university setting.

Material and Methods

This analytic cross-sectional study targeted students at Imam Abdulrahman Bin Faisal University (IAU), Saudi Arabia.
An electronic, self-administered questionnaire was distributed via social media platforms between December 2023 and
March 2024.

The Pittsburgh Sleep Quality Index (PSQI) is a validated tool for assessing sleep quality over the preceding month.'?
The questionnaire comprised three sections: (1) demographic information, medical or psychiatric history, supplement/
drug use, and pregnancy status; (2) sleep quality assessment using the PSQI, which includes seven components—
subjective sleep quality, sleep latency, duration, efficiency, disturbances, medication use, and daytime dysfunction—
scored from 0 to 3, yielding a global score of 0-21 (scores >5 indicate poor sleep quality);'> and (3) magnesium intake
evaluation via the MgFFQ, a self-reported tool estimating daily, weekly, and monthly Mg consumption across 33 items.'®

Sleep latency was categorized according to the PSQI scoring criteria: No delay: sleep latency < 15 minutes; Mild
delay: 16-30 minutes; Moderate delay: 31-60 minutes; and Severe delay: > 60 minutes.

The inclusion criterion was healthy students aged 18-25 years with a body mass index (BMI) of 20-25 kg/m?. This
study intentionally restricted the BMI range (20-25 kg/m?) to minimize adiposity-related confounding, as overweight and
obesity are known to be independently associated with altered sleep architecture and poorer nocturnal restoration.'’
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Figure | Participants flow diagram.

Exclusion criteria included BMI >26 kg/m?, chronic diseases, sleep disorders, pregnancy, neurological or psychiatric
conditions, and use of medications or supplements affecting Mg levels or sleep (eg, central nervous system drugs, Zinc,
L-tryptophan, or melatonin) within the previous two weeks.

Sample size estimation was conducted using a single-population proportion formula based on an assumed prevalence
of poor sleep quality among university students of approximately 30%-40% reported in previous literature,'® a 95%
confidence level, and a 5% margin of error. This calculation indicated that a minimum sample of approximately 289
participants was required to achieve adequate statistical power for cross-sectional comparison.

A convenience sampling technique was employed to recruit participants. Of the 1,206 initial responses, 709 were
completed. Out of the initial 709 participants surveyed, 305 met the inclusion criteria, while the remaining 404
participants were excluded for various reasons. Specifically, 167 participants reported chronic diseases such as diabetes
mellitus or hypertension; additional exclusions were made for individuals with diagnosed sleep disorders or those taking
sleeping pills during the preceding two weeks. Furthermore, 237 participants were excluded due to being overweight or
obese (Body Mass Index [BMI] >25 kg/m?) as showed in Figure 1.

The accuracy of self-reported variables such as BMI was ensured by using standard measurement units and posing
clear, direct questions within the questionnaire. Participants were explicitly instructed to report their height in centimeters
and weight in kilograms, which minimized confusion and enhanced consistency across responses. Moreover, as the
participants were university students, they were generally educated and health-aware, and most routinely measured their
height and weight during regular health checkup campaigns organized by the university. These measures collectively
improved the reliability of the self-reported anthropometric data used to calculate BMI.

Informed consent was obtained electronically before beginning the study. Participants were presented with clear
instructions outlining the study’s purpose and procedures. They were required to read this information thoroughly and
then indicate their agreement by selecting agree to participate in this study. Institutional review board (IRB) approval was
obtained for this study from Imam Abdulrahman Bin Faisal University (IRB #: IRB-UGS-2024-01-880). The ques-
tionnaire was distributed by data collectors and the data were stored on a secure platform. All procedures were conducted
in accordance with the ethical principles outlined in the Declaration of Helsinki.

Pilot Study

A pilot study involving 116 male and female participants was conducted online to assess the questionnaire’s validity and
reliability. Validity was evaluated using item-total correlations and reliability was evaluated using Cronbach’s alpha. The
MgFFQ demonstrated high validity (correlation coefficients were significant at p < 0.01) and reliability (Cronbach’s
alpha = 0.906 for monthly magnesium consumption).
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Data Analysis

Data were analyzed using IBM SPSS Statistics version 25, with statistical significance defined at p < 0.05. The
independent variables included the frequency of dietary magnesium intake (daily, weekly, monthly) obtained from the
MgFFQ, while the dependent variables were the PSQI global score and its seven domains (subjective sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbances, medication use, and daytime dysfunction). Potential demo-
graphic confounding was examined by testing associations between participant characteristics (academic year, age, BMI,
marital status) and sleep outcomes. Normality of continuous variables was assessed using the Shapiro—Wilk test, which
demonstrated that most sleep quality sub-scores were non-normally distributed. Therefore, non-parametric methods were
used. Descriptive statistics are reported as median (minimum—maximum) for skewed variables, while categorical
variables are presented as frequencies and percentages. Pearson’s correlation was used to examine bivariate associations.
For inferential analysis, Mann—Whitney U-tests were used for two-group comparisons and Kruskal-Wallis tests for
comparisons across three or more groups, followed by Bonferroni-adjusted post-hoc tests when appropriate. This analysis
strategy was selected a priori due to the non-normality of outcomes and to avoid unstable multivariable models given the
number of categorical covariates relative to sample size. Stratified non-parametric comparisons allowed us to examine
group differences while minimizing model overfitting.

Results

Basic Participant Features

The study included 305 participants (69.2% female; mean age 21.4 + 1.8 years; mean BMI 20.7 + 2.5 kg/m?). Analysis of
sleep duration and daytime dysfunction scores across demographic categories including academic year, age group, BMI
classification, and marital status revealed no statistically significant differences in any of the comparisons as presented in
Table 1. Although minor variations in median and mean values were observed between subgroups, none of the Kruskal—
Wallis tests reached statistical significance for either sleep duration or daytime dysfunction (all p > 0.05). The borderline
trend noted for sleep duration across academic years (H=11.04, p=0.051) did not meet the threshold for significance.
Overall, these findings indicate that sleep duration and daytime dysfunction did not differ meaningfully across the
demographic variables examined, suggesting that these sleep components were relatively stable and not influenced by
students’ academic level, age, BMI, or marital status. This validates our univariate analytical approach and strengthens
confidence in findings (Table 1). Based on PSQI scores, 63% of the participants exhibited poor sleep quality. Descriptive
statistics for PSQI and MgFFQ are presented in Table 2.

Association Between PSQI Domains and Monthly Mg Intake

Daytime dysfunction (categorized as 0-3, with 3 indicating the worst) was significantly associated with lower monthly
Mg intake (Kruskal-Wallis H(3) = 11.57, p = 0.009), with the highest dysfunction linked to the lowest Mg scores
(Figure 2). Post-hoc analysis (Mann—Whitney with Bonferroni correction, p = 0.0167) revealed significant differences
between categories 0 and 2 (p = 0.001).

Association Between Sleep Duration and Monthly Mg Intake

Sleep duration (categorized as 0-3, with 3 indicating <5 h) was significantly associated with lower monthly Mg intake (H
(3) = 11.75, p = 0.008), with the shortest duration linked to the lowest Mg scores (Figure 3). Post-hoc analysis showed
differences between 0 and 3 (p = 0.002), 1 and 3 (p = 0.002), and 2 and 3 (p = 0.006). Other PSQI domains (efficiency,
and disturbances) were not significantly associated with monthly Mg intake (P >0.05).

Sex Differences

No significant difference in Mg intake was found between males and females (Mann—Whitney test, p > 0.05). However,
females had a higher median PSQI rank (159.9) than males (137.4; p = 0.038). Among poor sleepers (PSQI >5), females
had lower Mg scores than males, the difference was not statistically significant (Figure 4).
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Table | Sleep Duration and Daytime Dysfunction by Demographic Characteristics

Variable N | Sleep Duration (PSQI Component Score 0-3) | Daytime Dysfunction (PSQI Component Score 0-3)
Median Mean £ SD Range p Value Median Mean t SD Range p Value

Academic year

Year | 12 0 075 £ |.14 0-3 0.051 | 1.00 + 0.85 0-3 0.680

Year 2 8l 2 1.52 = .11 0-3 | 1.21 £ 0.94 0-3

Year 3 41 2 1.85 + .24 0-3 | 1.07 £ 0.69 0-2

Year 4 28 | 1.36 £ 1.19 0-3 | 1.00 £ 0.77 0-3

Year 5 66 | 135 116 0-3 | 1.12 £ 0.73 0-3

Year 6 77 2 161 £ 1.16 0-3 | 1.27 £ 0.87 0-3

Age

<20 years 107 2 1.40 = I.15 0-3 0.427 | .15 + 0.89 0-3 0.230

20-23 years | 171 2 1.58 £ I.16 0-3 | 1.12 £ 0.77 0-3

>23 years 27 I 1.44 + 1.34 0-3 | 1.44 + 0.93 0-3

BMI

<22 kg/m? 191 2 1.48 £ I.15 0-3 0.780 | 1.26 + 0.89 0-3 0.111

22-24 kg/m* | 90 2 1.53 £ 1.22 0-3 | 1.02 £ 0.77 0-3

>24 kg/m? 24 | 1.62 = 1.21 0-3 | 1.21 £0.82 0-3

Marital status

Single 282 2 148 £ I.16 0-3 0.135 | 1.16 £ 0.82 0-3 0.472

Married 21 | 1.67 £ 1.28 0-3 | 1.24 £+ 0.94 0-3

Divorced 2 3 3.00 + 0.00 0-3 0.5 0.50 £ 0.71 0-1I

Notes: Sleep Duration: PSQI component score indicating shorter sleep with higher values; Daytime Dysfunction: PSQI component score indicating greater
impairment with higher values.
Abbreviations: BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index.

Sleep Latency
For sleep latency (Table 2), most participants fell within the moderate (35.4%) and mild (32.1%) categories, while 12.5%
reported no delay and 20.0% reported severe delay. Dietary magnesium intake was not significantly associated with sleep
latency (p > 0.05).

Discussion

The findings of this study highlight a significant relationship between low dietary magnesium intake and poor sleep
quality parameters, particularly daytime dysfunction and shorter sleep duration among Saudi university students.
Furthermore, the higher PSQI scores observed among females suggest a potential sex disparity in sleep quality, with
women being more vulnerable to the adverse effects of inadequate magnesium intake.

The absence of significant differences in sleep duration and daytime dysfunction across demographic groups in this
study may be largely attributable to the relative homogeneity of the sample. All participants were drawn from the same
university environment, sharing similar academic pressures, lifestyle patterns, and socio-cultural backgrounds. Such
uniformity reduces between group variability and limits the ability to detect demographic influences on sleep outcomes.

Participants reported low Mg intake, consistent with other studies showing intake below the recommended daily
allowances (RDAs).'*!'” Lower monthly Mg intake was associated with poorer sleep quality (PSQI >5), suggesting that
dietary Mg insufficiency may contribute to sleep issues.

Our finding that female participants exhibited both poorer sleep quality and lower magnesium intake than males align
with several prior investigations and warrants closer consideration of hormonal and behavioral mechanisms. For

example, Cao et al found that among Chinese adults, higher dietary magnesium intake was significantly associated
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Table 2 Sleep Measures, Magnesium Intake

Scores, and Sleep Latency Categories

Variable/Domain Value

PSQI & Sleep Domains Median (min—max)
PSQI Total Score 8 (1-18)
Daytime Dysfunction 1 (0-3)
Sleep Duration 2 (0-3)
Subjective Sleep Quality 1 (0-3)

Use of Sleep Medications 0 (0-3)

Sleep Disturbances 1 (1-3)
Habitual Sleep Efficiency 0 (0-3)

Sleep Latency 2 (0-3)
Magnesium Intake (MgFFQ) | Median (min—max)
Total Score 227 (99-712)
Daily Score 42 (33-104)
Weekly Score 63 (33-195)
Monthly Score 121 (33-473)
Sleep Latency Categories n (%)

No Delay 38 (12.5%)
Mild Delay 98 (32.1%)
Moderate Delay 108 (35.4%)
Severe Delay 61 (20.0%)
p-value 20.05

Notes: PSQI: Pittsburgh Sleep Quality Index (0-21), higher
scores indicate poorer sleep quality. Sleep Latency
Categories: No Delay: sleep latency < |5 minutes; Mild
Delay: 16—30 minutes; Moderate Delay: 31-60 minutes; and

Severe Delay: > 60 minutes.

with a decreased likelihood of daytime falling asleep only in women, suggesting that magnesium status may interact with

female-specific physiology to affect sleep symptoms.?’ Recently, Mazza et al (2025) reported that hormonal fluctuations,

especially changes in estrogen, can influence magnesium absorption, distribution, and retention, potentially altering

sleep-relevant metabolic processes.'” Taken together, these findings suggest that in our cohort, the observed sex
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Figure 2 Association between monthly magnesium intake score and daytime dysfunction. *: p<0.05; ***: significantly worse daytime dysfunction in participants with the

lowest magnesium scores; X: mean value.
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Figure 3 Association between monthly magnesium intake score and sleep duration. *: p<0.05; X: mean value.
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Figure 4 Association between monthly magnesium intake score and Pittsburgh Sleep Quality Index scores, stratified by sex. *' p<0.05; X: mean value.
Abbreviation: PSQI, Pittsburgh Sleep Quality Index.

differences may stem not only from disparities in dietary intake but also from fluctuations in sex hormones that influence
sleep regulation, possibly via effects on circadian rhythms, thermoregulation, and neurotransmitter or mineral
metabolism.

Shorter sleep duration was correlated with lower Mg intake, supported by cohort studies showing higher Mg linked to
>7 h of sleep,'® supplementation improving sleep time and efficiency,>’ and higher serum Mg in longer sleepers.”
Mechanisms include GABA/glutamatergic regulation, melatonin production,” and cortisol reduction.**

Daytime dysfunction is associated with low Mg levels, consistent with links to sleepiness, anxiety, and fatigue.> It
modulates NMDA, GABA, melatonin, renin, and cortisol levels, with deficiencies causing electrolyte imbalances.”*?’
Thus, Mg supplementation may enhance daytime function, mood, and productivity.*®

In the current study, sleep latency showed no significant association with Mg intake, in contrast with some systematic

reviews and clinical trials reporting modest improvements in sleep onset following magnesium supplementation.”’
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Conversely, other investigations, including those exploring Mg status in patients with RLS, have failed to demonstrate
a clear link between magnesium and sleep quality.*® Such inconsistencies across the literature may be attributable to
differences in study design, sample size, duration of intervention, and the bioavailability of Mg formulations used.
A notable strength of this study is the inclusion of a large and diverse sample, which enhances the external validity and
generalizability of the findings. Furthermore, the use of validated instruments, such as the PSQI and MgFFQ, provided
a comprehensive assessment of both sleep and dietary Mg intake, while sex-stratified analyses offered additional depth to
the interpretation.

Conclusion

These results underscore the importance of nutritional factors, particularly magnesium consumption, in maintaining
optimal sleep among university students. Our findings demonstrated that lower dietary Mg intake is associated with
reduced sleep duration, poor sleep quality, and increased daytime dysfunction. Importantly, a significant sex disparity was
observed in this university cohort, where females demonstrated poorer sleep quality than males. These findings
emphasize the role of Mg-rich diets in promoting optimal sleep and overall health. Our study extends the literature by
highlighting Mg as a potential dietary factor underlying sleep problems in this population, suggesting that nutritional
interventions aimed at improving Mg intake may help ameliorate sleep disturbances and improve health outcomes.

Recommendation

Based on the observed associations, it is recommended that greater awareness of Mg-rich dietary sources be promoted as
part of student health initiatives to improve sleep quality. Future longitudinal and interventional studies are required to
clarify the causal relationship between magnesium intake and sleep disturbances, including the potential benefits of
magnesium supplementation. Integrating nutritional guidance with broader sleep hygiene education may provide
a comprehensive approach to enhancing students’ overall well-being.
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