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Background: Sleep played an important part in human health, and COVID-19 led to a continuous deterioration of sleep. However,
the causal relationship between micronutrient and sleep disorder was not yet fully understood.

Methods: In this research, the genetic causal relationship between micronutrient and sleep disorder was analyzed utilizing a two-
sample Mendelian randomization (MR). Single nucleotide polymorphisms (SNPs) were used as instrumental variables. The analyses
were conducted using the MR-Egger, inverse variance weighted, weighted mode, weighted median, simple mode, Cochran’s Q test and
leave-one-out.

Results: Our results suggested that 8 genetically predicted micronutrients participated in sleep disorders, including liver iron (L-iron)
and iron in sleeping too much, spleen iron (S-iron) in sleeplessness/insomnia, trouble falling or staying asleep, sleep duration
(undersleepers) and nonorganic sleeping disorders, iron metabolism disorder (IMD) and vitamin B12 deficiency anaemia
(VBI2DA) in narcolepsy, urine sodium (uNa) in narcolepsy, sleep apnea syndrome and sleep disorder, vitamin D (VD) in sleep
duration (oversleepers), 25-Hydroxyvitamin D (25(OH)D) in trouble falling or staying asleep.

Conclusion: Our study used Mendelian randomization methods at the SNP level to explore the potential causal relationship among
L-iron, iron, S-iron, IMD, uNa, 25(OH)D, VD, VB12DA with certain sleep disorder subtypes. Our results uncovered a micronutrient-
based strategy for alleviating sleep disorder symptoms.

Keywords: Mendelian randomization, micronutrient, sleep disorder, causality, vitamin

Introduction

Sleep is a state of natural cycles, reversible dissociation of perception, diminished consciousness, and relative stationarity
determined by circadian rhythms and homeostasis,' and contributes significantly to the development and retention of
emotional, cognitive, and motor functions.” Changes in sleep, including in quantity and quality, occurred throughout the
lifespan as individuals age.® It was estimated that the average incidence of sleep disorders and insomnia symptoms
among the common population was 10% (3.9%-22.1%) and 30% (30%-35%), respectively.” This range of variation was
largely influenced by the tools used to assess sleep.* Especially in the wake of the COVID-19 pandemic, the detrimental
influences on sleep, particularly insomnia and poor sleep quality, have been well identified.”’ In addition, sleep disorders
were also common among pregnant women, and the state of their prenatal sleep could be significantly related to the long-
term outcomes for their children, encompassing the risk of developing attention-deficit/hyperactivity disorder (ADHD).®
Meanwhile, insufficient sleep was a common problem among elderly adults. Research showed that 67.7% of elderly
adults reported difficulties in falling asleep or waking up too early.’
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Sleep disorders were known to greatly increase the risk of neurodegenerative diseases (including amyotrophic lateral
sclerosis, Huntington’s disease, and dementia with Lewy bodies), cardiovascular disease (such as stroke), hypertension,
diabetes, depression, anxiety, epilepsy, ADHD, autism spectrum disorder and all-cause mortality.*'* Sleep not only had
restorative properties, but also played a vital role in energy metabolism, appetite control, and immunity.

The recently released third edition of the International Classification of Sleep Disorders (ICSD-3) classified seven
major categories of sleep disorders: insomnia disorders, central disorders of hypersomnolence, sleep-related breathing
disorders, circadian rhythm sleep-wake disorders, parasomnias, sleep-related movement disorders, and other sleep
disorders."'

In studies on the mechanism of sleep disorders, GABAergic neurons in the regions of lateral hypothalamus and
ventral tegmental area acted as an arousal signal for wakefulness and limit wakefulness, respectively.'> Moreover,
astrocytes were involved in the modulation of sleep-wake cycle by regulating rapid eye movement (REM) and non-REM
sleep.'” In addition, studies confirmed that macronutrients (amino acids and carbohydrates) were involved in neuro-
transmitter levels during sleep and influenced sleep patterns.'® But, the role of micronutrients (such as metal element,
mineral and vitamin) in sleep disorders had not received as much attention as macronutrients.

Currently the most extensively studied element when it comes to sleep disorders is iron. For instance, increased brain
iron levels were associated with obstructive sleep apnea;'* Higher serum Zn, Zn/Se, and Zn/Cu were related to reduced
self-reported sleep disorders.'> A recent research revealed that individuals with restless leg syndrome (RLS) have notably
elevated calcium, serum copper, selenium, and magnesium concentrations when compared to the control group.'® But, in
another study, serum selenium concentration was independent of the presence and severity of RLS.'”

Until now, the causal relationship between many micronutrients and sleep disorders has not been definitively
concluded. A better method to assess the causal relationship between micronutrient and sleep disorder is Mendelian
randomization (MR)."®

MR, regarded as a naturally occurring randomized trial, assessed the causal relationship between exposure and
outcome through genetic variation, effectively limiting environmental confounding and the possibility reverse causality.'”
The independent allocation of alleles during conception implies that the subgroups categorized by these genes should not
have systematic differences in confounding factors, thereby emulating a natural experiment that is analogous to
a randomized trial.'" Using single-nucleotide polymorphisms (SNP) as instrumental variables,”> MR can deduce the
causal relationship between micronutrient and sleep disorder. The application of MR to study the potential drug effects of
micronutrients that can be targeted by drug intervention and replaced by gene mutations has important clinical
significance.

In this research, we implemented genome-wide association studies (GWAS) of micronutrient (liver iron content
(L-iron), iron, spleen iron concentration (S-iron), iron metabolism disorder (IMD), urine sodium (uNa), vitamin D (VD),
serum 25-Hydroxyvitamin D (25(OH)D), vitamin B12 deficiency anaemia (VB12DA)). Whereafter, our aim was to
utilize MR to study the effect of micronutrient on sleep disorder and its subtype to discover potential prevention targets.
Hence, we performed a 2-sample MR research to inspect the potential causal effect between micronutrient and sleep
disorder.

Methods

Study Design

We made use of 2-sample MR based on the genetic connection from different GWAS for micronutrient (L-iron, iron,
S-iron, IMD, uNa, VD, 25(OH)D, VB12DA) (Table 1) and four subtypes of sleep disorder (insomnia, sleep-related
breathing disorders, central disorders of hypersomnolence, other sleep disorders). These subtypes contain different
phenotypes. As shown in Table 2.

The research design is summarized in Figure 1, which included three critical hypothesis that must be contented in the
MR study: 1) the genetic variant (SNP) is closely related to associated exposure; 2) SNP is independent of known or
unknown confounders; and 3) SNP affects outcomes only through interest exposure and not through other means.'® All
statistical analysis were applied by the two-sample MR package (version 0.5.6) in R (version 4.2.1).
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Table | Data for Including Microelement Information in GWAS

Phenotype No. of SNPs | Case | Control | Sample size | Population GWAS ID

Liver iron content 9,275,407 32,858 European ebi-a-GCST90016674

Iron 2,096,457 23,986 European ieu-a-1049

Spleen iron concentration 9,275,407 35,324 European ebi-a-GCST90101831

Iron metabolism disorder 16,380,377 146 197,259 197,405 European finn-b-E4_IRON_MET

Urine sodium 10,783,698 396,020 European ebi-a-GCST90013989

Vitamin D 4,225,238 418,691 European ebi-a-GCST90025967

Serum 25-Hydroxyvitamin D 6,896,093 496,946 European ebi-a-GCST90000618

Vitamin B12 deficiency anaemia | 16,380,452 1,707 | 211,115 212,822 European finn-b-D3_ANAEMIA_BI12_DEF

Table 2 Data for Including Sleep Disorder Information in GWAS

phenotype Subtype No. of SNPs Case | Control Sample size Population GWAS ID
Insomnia Sleeplessness / 11,895,062 1,569 0 1,569 Middle Eastern, North ukb-e-1200_MID
insomnia African, or Persian
Trouble falling or 9,810,789 1,173 0 1,173 South Asian ukb-e-20517_CSA

staying asleep

Central disorders of Narcolepsy 9,851,867 460,913 European ukb-b-5776
hypersomnolence Sleeping too much 13,149,723 9,354 36,186 45,540 European ukb-d-20534
Sleep duration 16,563,303 10,102 | 81,204 91,306 European ebi-a-GCST006685
(oversleepers)
Sleep duration 16,561,726 28,980 | 81,208 110,188 European ebi-a-GCST006686

(undersleepers)

Sleep-related breathing | Sleep apnea 24,183,940 13,818 | 463,035 476,853 European ebi-a-GCST90018916
disorders syndrome
Other sleep disorders Sleep disorders 11,120,383 2,951 358,243 361,194 European ukb-d-SLEEP
Nonorganic sleeping 16,380,172 2,214 166,584 168,798 European finn-b-
disorders KRA_PSY_SLEEP_

NONORG_EXMORE

Genetic variants associated with micronutrient and sleep disorder
Since there was no uniform and accurate international standard for micronutrient testing, we searched the GWAS
database for micronutrients commonly used in clinical practice: iron, zinc, magnesium, calcium, iodine, selenium,
copper, fluoride, lead, and vitamins. As mentioned in the Introduction, sleep disorders are classified into seven major
categories.!" We searched for “sleep” in the GWAS database, then conducted RStudio analysis on the available sleep-
related databases and the above micronutrients, and finally classified, summarized and presented the positive results
according to the types of ICSD-3. Therefore, this paper showed the exposure (micronutrient) and outcome (sleep
disorder) that presented positive results after RStudio analysis.
All data for micronutrient’’ > and sleep disorder’®*’ in initial analysis were obtained from the publicly available
Medical Research Council Integrative Epidemiology Unit (IEU) Open GWAS database. With regard to the detailed
information of sample population characteristics, data analysis, and gene types could be identified from the original
articles.

Briefly, we collected relevant micronutrient data from 8 studies that conducted a GWAS with participants from
Europe, including a total of 1,814,050 sample size. Detailed data are summarized in Table 1.

Instrumental variables for the research of sleep disorders were produced by integrating summary statistics from 9
GWAS of 1,717,534 individuals with mainly European and Asian individuals. An overview of GWAS-related informa-

tion for each sleep disorder is presented in Table 2.
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Figure | Study design of the two-sample Mendelian randomization for the effect of genetically based connections between micronutrient and subtypes of sleep disorders.
SNPs, single-nucleotide polymorphisms.

Selection of instrumental variables

In this MR research, the relationship between micronutrients and sleep disorders was delineated using 2-sample
instrumental variable analysis. Initially, we identified SNPs with a significant association ((P-value < 5x10%) with the
exposure by conducting MR analysis. Thereafter, we pinpointed linkage disequilibrium (LD) between the SNPs by
applying the “Id_clump” R package to data from the European 1000 Genomes Project. Under the guidelines of pairwise
linkage disequilibrium (LD; r* < 0.001 and clump window > 10,000 kb, among SNPs), SNPs that were independently
connected to micronutrient and confounder were identified. The SNPs were displayed as instrumental variables to
execute causal relationships. Thirdly, we harmonized the effect alleles of sleep disorder-associated SNPs to correspond
with the effect alleles of micronutrient-associated SNPs, aligning by allele letter and allele frequency. A SNP was
identified as palindromic on the basis that its minimum LD Rsq value was less than 0.80. The effect alleles for
palindromic SNPs were cross-verified with the available information and aligned; however, alleles that could not be
indisputably aligned were eliminated.'®

Statistical Analysis

Employing various types of MR approaches, including inverse variance weighted (IVW), Mendelian randomization
Egger regression (MR-Egger), weighted mode, weighted median and simple mode, we aimed to ascertain MR estimates
of micronutrient for sleep disorder, following standardized effect allele analysis across GWAS for eight micronutrients
and nine sleep disorder subtypes. Utilizing IVW as our primary method for meta-summarization of multi-loci effects, we
proceeded under the idealized condition that each SNP was valid and possessed complete independence.'” Following the
extraction of estimates associating variants with micronutrients or sleep disorders, we aligned the direction of the
estimates according to the effect alleles. In scenarios with more than one SNP, we employed the IVW method, choosing
a fixed-effect model for Cochran’s Q test P values exceeding 0.05, or a random-effect meta-analysis for P values less
than 0.05.

Furthermore, various MR methods, such as MR-Egger and weighted median, were employed to evaluate the
robustness of the study outcomes. The weighted median, calculated as the median of the distribution of individual
SNP effect values ranked by weight, allows for less than 50% of SNPs to be invalid, while MR-Egger accommodates
potential pleiotropy in all SNPs, assuming that pleiotropic effects on the outcome are independent of the effects on

exposure factors. Namely, MR-Egger facilitated the assessment of heterogeneity and pleiotropy across the entire set of

1270 "= Nature and Science of Sleep 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Jiang et al

SNPs, even when horizontal heterogeneity is present.'” When no less than half of the SNPs were valid SNPs, weighted
median and weighted model were used to estimate causal effects. Simple mode was conducted to demonstrate whether
the observed genotype differences between micronutrients and sleep disorders were statistically significant.

Moreover, we utilized specialized sensitivity analyses to identify and adjust for any underlying heterogeneity and
pleiotropy, meeting the essential assumptions of our MR study methodology. To ascertain the heterogeneity of each
instrumental variable, we employed the heterogeneity test, commonly referred to as Cochran’s Q test.'” To validate that
there is no directional pleiotropy affecting the linkage of micronutrients to sleep disorders, the P-value of Cochran’s
Q test should be more than 0.05."” The choice of IVW model was contingent on the presence of heterogeneity: the fixed
effects model for non-significant P values (> 0.05), and the multiplicative random-effects model for significant P values
(< 0.05). Moreover, MR-Egger was used to estimate potential biases caused by horizontal pleiotropy and invalid
instrumental variables. When the intercept of the regression lacked statistical significance (P < 0.05), the slope in MR-
Egger regression could act as an estimate of outcome caused by exposure effects in the causal relationship. To enhance
the interpretability of our results, we conducted a leave-one-out analysis to identify the influence of individual SNPs
associated with exposure, then reiterated the IVW analysis in a sequential process, each time omitting a single SNP. By
conducting leave-one-out analysis, the significance of each SNP’s impact on the IVW causal estimates was evaluated.'’

The study outcomes were quantified as OR (odds ratio), complete with 95% confidence interval, and all P values were
two-sided with a 5% level set for statistical significance.

Results
GWAS on Micronutrient and Sleep Disorder

Among the micronutrient categories (iron, zinc, magnesium, calcium, iodine, selenium, copper, fluoride, lead, and
vitamins) tested by utilizing micronutrient-related SNPs, IVW preliminarily identified 8 micronutrients (L-iron, iron,
S-iron, IMD, uNa, VD, 25(OH)D, VB12DA) implying a high-risk on sleep disorder. The GWAS of positive results of 8
micronutrients and 9 sleep disorder subtypes were presented in Table 1, 2. The derived genetic association estimates were

subsequently applied in the following MR analyses (Supplementary Figure 1).

Causal effects of the micronutrient on sleep disorder

SNPs were chosen and employed as instrumental variables in the MR analysis to examine the relationship between
micronutrients and sleep disorders. The association between 8 micronutrients and 9 sleep disorder subtypes, as
determined by MR analyses, is quantified in Supplementary Tables 1 and 2. Cochran’s Q test identified heterogeneity
in the relationships between 8 factors (L-iron, iron, S-iron, IMD, uNa, VD, 25(OH)D, VB12DA) and certain sleep
disorder subtypes. For Py < 0.05, we proceeded with the multiplicative random-effect IVW model (Supplementary
Table 2), and for variables that did not display heterogeneity (Pqy > 0.05), the fixed-effect IVW model was selected
(Supplementary Table 2).

According to the MR-Egger intercept, there is no statistical evidence to suggest directional horizontal pleiotropy for
the eight micronutrients and nine sleep disorder subtypes analyzed (Pntercepyy > 0.05, Supplementary Tables 1 and 2).

In our initial IVW analysis, the results from genetically predicted that liver iron and iron were both negatively
associated with sleep too much (P < 0.05, OR < 1, details as illustrated in Figure 2A and B), providing evidence of
a potential causal correlation. The relationship between spleen iron concentration and sleep disorders was complex.
Specifically, it was positively related to sleeplessness/insomnia and sleep duration (undersleepers) (P < 0.05, OR > 1,
Figure 2C), and negatively associated with trouble falling or staying asleep and nonorganic sleeping disorders (P < 0.05,
OR < 1, Figure 2C). Iron metabolism disorder was positively related to narcolepsy (P < 0.05, OR > 1, Figure 2D). The
higher the urine sodium, the more severe the narcolepsy, sleep apnea syndrome, and sleep disorder (P < 0.05, OR > 1,
Figure 2E). Moreover, Vitamin D, serum 25-hydroxyvitamin D, and vitamin B12 deficiency anemia were positively
correlated to sleep duration (oversleepers), trouble falling asleep or staying asleep, and narcolepsy, respectively (P < 0.05,
OR > 1, Figure 2F-H).
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Figure 2 The impact of putatively causal micronutrient on sleep disorder subtypes outcomes. The square was the causal estimates on the OR scale, and the whisker
represented the 95% confidence intervals for ORs. OR < | indicated a negative correlation between micronutrient and sleep disorder risk, while OR > | indicated a positive
correlation. (A and B) Liver iron (A) and iron (B) were both negative with sleeping too much. (C) Spleen iron was positive with sleeplessness/insomnia, sleep duration
(undersleepers), and negative with trouble falling or staying asleep, nonorganic sleeping disorders. (D) Iron metabolism disorder was positive with narcolepsy. (E) Urine
sodium was positive with narcolepsy, sleep apnea syndrome and sleep disorders. (F) Vitamin D was positive with sleep duration (oversleepers). (G) Serum 25-
Hydroxyvitamin D was positive with trouble falling or staying asleep. (H) Vitamin B2 deficiency anaemia was positive with narcolepsy. OR, odds ratio.
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Figure 3 The genetically predicted micronutrient’s effect on sleep disorder subtypes and the causal risk factors are gauged by the Z-scores of Mendelian randomization
effect size estimates. The heatmap displayed color-coded lattices to signify the effect size (Z-score), with genetically predicted increased micronutrient level related to
a higher risk of sleep disorder colored in red and lower risk of outcomes colored in blue. Darker shades on the heatmap correspond to greater effect sizes. *Indicates that
the potential causal relationship was significant. *P < 0.05, **P < 0.01, ***P < 0.001. The abbreviations can be found in the Abbreviations.

Consistent with the aforementioned IVW outcomes, our MR analysis revealed significant genetic associations of 8
micronutrients with at least one type of sleep disorders (Figure 3). The absolute effect sizes, denoted as |B| (per 1 standard
deviation increase in the genetically proxied exposure), ranged from 2.56x10~> (lowest absolute value of the effect size)
to 0.80 (highest absolute value of the effect sizes). Specifically, genetic estimations indicated that higher level of uNa was
correlated with a heightened risk of narcolepsy, sleep apnea syndrome, sleep disorder, with the statistically significant
associations marked by asterisks (Displayed in red in the image, Figure 3). In summary, the higher the IMD, uNa and
VB12DA concentrations, the more likely narcolepsy was to occur. Moreover, the lower the L-iron and iron, the more
likely sleep too much. Trouble falling or staying asleep was inversely related to S-iron concentration and positively
related to serum 25(OH)D concentration. The relationship between other sleep disorder subtypes and single micronu-
trients was shown in Figure 3.

For the validity of MR-based causal inferences, it was crucial to verify that SNP-outcome associations are a direct
consequence of the exposure of interest and not due to horizontal pleiotropy or other confounding pathways. In our
investigation, we performed Cochrane’s Q test, MR-Egger intercept, and leave-one-out sensitivity analyses to ascertain
the pleiotropy resistance. (Supplementary Table 2, Supplementary Figure 2).

In addition to iron metabolism disorder (SNPs number less than 3), for the other seven micronutrients where there is
an availability of three or more genetic instrumental variables, MR-Egger sensitivity analyses yielded consistent
Mendelian randomization estimates to the main IVW analysis (Supplementary Table 1). This indicated that pleiotropic

effects of genetic variants were probably not significantly biasing the Mendelian randomization estimates. Leave-one-out
analysis also confirmed the stability of [IVW causal estimations (Supplementary Figure 2). The analysis showed that in

the univariable MR analyses, no specific SNP had a significant effect on altering the IVW causal estimation.

Discussion

Sleep was an essential neurophysiological condition and served as a foundation for both psychological and physiological
wellness. Researchers recommended individuals should secure a minimum of 7 hours of sleep per night to optimize
health and functionality.”® Due to longer working hours, stressful lives, ambient light and prolonged screen usage, an
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increasing proportion of individuals were experiencing limited sleep time. However, deviating from the recommended
sleep time might seriously endanger health. Studies showed that in America, 26% of adults typically slept 67 hours
a night, and 20% slept less than 6 hours.” 32.1% of Dutch adults have encountered problems related to the quality of
their sleep, and 43.2% have expressed that they do not receive enough sleep.*”

As mentioned above, sleep disorders were mainly divided into seven categories, which in turn contain many subtypes,
such as insomnia were divided into chronic insomnia disorder, short-term insomnia disorder and other insomnia disorder;
sleep-related breathing disorders were divided into obstructive sleep apnea disorders, central sleep apnea syndromes,
sleep-related hypoventilation disorders, sleep-related hypoxemia disorder.'' Additionally, many people might experience
several subtypes of sleep disorders at once. Since the spring of 2020, the global COVID-19 pandemic had generally
disrupted the sleep of the global population. A two-year study in Italy showed that COVID-19 led to a steady
deterioration of sleep duration in the interviewees, particularly among younger people.*'

More recently, micronutrient intake in sleep deprivation and sleep problems had gradually attracted attention. For
instance, randomized controlled trials in infants found that infants who received zinc or iron supplements had longer
night time and total sleep time compared to placebo group.®? However, the causal relationship between micronutrient and
sleep disorder was not yet fully understood.

As known, iron played an essential role in many important biological functions, including cognition and overall brain
health. Iron homeostasis was critical for neurological health. Low iron levels were related to cognitive impairment, while
high levels were related to Parkinson’s disease (PD), Alzheimer’s disease (AD), and other neurodegenerative diseases.'*
During sleep, people with obstructive sleep apnea had increased level of iron in the brain.'* In our research, the
relationship between iron levels at different sites and sleep disorders was distinguished. Both liver iron and serum iron
were inversely related to sleeping too much. Nevertheless, spleen iron concentration was positively associated with
sleeplessness/insomnia and sleep duration (undersleepers) and inversely related to trouble falling or staying asleep and
nonorganic sleeping disorders (Figures 2 and 3). Therefore, we provided evidence for the potential causal relationship
between iron content in different parts and different subtypes of sleep disorders using MR analysis.

At present, there were few studies on the impact of sodium ion on sleep, and the current research mainly focused on
the effects of sodium leak channel and sodium oxybate in the treatment of sleep disorders. So far, the only available drug
that might improve all major symptoms of narcolepsy was sodium oxybate.>* According to the American Academy of
Sleep Medicine, sodium oxybate, despite having unknown mechanisms of action, is recommended as first-line treatment
for individuals suffering from excessive daytime sleepiness and cataplexy.’® In our study, urine sodium levels were
positively correlated with narcolepsy, sleep apnea syndrome and sleep disorders (Figures 2 and 3). Based on our current
understanding, this should be the first time that Mendelian randomization had been used to demonstrate the relationship
between urine sodium and various subtypes of sleep disorders.

Vitamin D (VD) was a fat-soluble vitamin that played an important role in several physiological processes, such as
sleep patterns.>® Research showed that VD deficiency was related to reduced sleep duration, poorer sleep quality,
prolonged sleep onset times in pediatric populations.®>> But another study claimed an inverse connection between
excessive daytime sleepiness and VD levels.® In other words, the more excessive daytime sleepiness, the lower the
VD levels. However, compared to the healthy control group, patients with chronic insomnia exhibited notably decreased
levels of VD.? Therefore, so far there was no clear and consistent conclusion on the connection between VD or 25(OH)
D and sleep disorders. In our study, VD was directly proportional to sleep duration (oversleepers) and 25(OH)D was
positively correlated to trouble falling or staying asleep (Figures 2 and 3), which implied new evidences for the causal
relationship between VD or 25(OH)D and different subtypes of sleep disorders.

Despite vitamin B12 (VB12) acknowledged for its significance in the nervous system, research on the relation-
ship between VBI12 and sleep was still lacking.*® Current research indicated manifold effects of VB12 on sleep
patterns. A clinical trial reported a warning effect of VB12 supplementation on reduced sleep duration.*® Another
study revealed a distinct inverse correlation between serum VB12 concentrations and sleep duration among
adults.*® Additionally, young women with reduced consumption of VB12 tended to have later bedtimes.*' RLS
patients were significantly deficient in VB12 compared to healthy controls. But another study showed that
decreased serum VBI12 levels were independently related to the development of RLS, which demonstrated the
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complex relationship between VB12 and RLS. Finally, a cross-sectional study showed that lower VB12 was linked
to insomnia symptoms and sleepiness in select groups of individuals.*® Therefore, The results demonstrated
inconsistent effects of VB12 on sleep patterns. In our study, VBI12DA was positively associated with narcolepsy
(Figures 2 and 3), which support a causal effect between VB12DA and sleep disorder from the perspective of MR
analysis.

In addition, it was imperative to clarify that our approach to identifying statistical significance was predicated on
a P value of 5%, rather than post hoc tests that might be based on the number of outcome variables. Given the
micronutrients and sleep disorder subtypes originated from separate databases, we have not applied multivariate MR;
rather, we have undertaken a one-to-one analysis for each micronutrient and sleep disorder subtype, respectively.
Figures 2 and 3 were just a combined presentation of the results from a one-to-one comparison of micronutrients and
sleep disorder subtypes.

Since the MR study was based on three key assumptions, namely: SNPs were strongly correlated with exposure;
SNPs were not correlated with known or unknown confounders; and SNPs affected outcomes only through exposure and
not through other pathways.'® However, this hypothesis cannot completely exclude the effect of confounding factors or
horizontal pleiotropy, so this is one of the shortcomings of this study. In addition, our results were limited by the sample
size. For example, we analyzed many other micronutrients (zinc, magnesium, calcium, iodine, selenium, copper, fluoride,
lead and other vitamins) associations with sleep disorders, but no statistical differences emerged, which might be due to
the small sample size. Meanwhile, our MR association effect size was relatively small, with a minimum value of 2.56 x
1075, and this might be caused by the small sample size and its clinical significance might be limited. Therefore, the
conclusions of this research need to be validated in a larger sample size of the population. Moreover, the nine GWAS
databases related to sleep disorders are from Europe, Africa and Asia (Table 2), which might lead to conclusions that
cannot be generalized to the general population.

Conclusion

Our study should be the first to apply Mendelian randomization analysis at the SNP level to investigate the causal
relationship between various micronutrients and different subtypes of sleep disorders, including L-iron and iron in
sleeping too much, S-iron in sleeplessness/insomnia, trouble falling or staying asleep, sleep duration (undersleepers) and
nonorganic sleeping disorders, IMD and VB12DA in narcolepsy, uNa in narcolepsy, sleep apnea syndrome and sleep
disorder, VD in sleep duration (oversleepers), 25(OH)D in trouble falling or staying asleep. The study presents a novel
insight into the impact of micronutrients on sleep disorders, providing a groundwork for future pharmaceutical

advancements and clinical applications.
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