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Title：How far do we have to go on the road to cal-

cium supplementation? 

Abstract:  

Background & Aim: Sleep disorder is a growing concern, and calcium supplementation is often recommended as a potential 

intervention for sleep disorders. However, the causal relationship between calcium levels and the incidence of sleep disorders re-

mains unclear. Mendelian randomization techniques utilizing genetic variants that affect calcium levels, can provide valuable in-

sights into causality. This study aims to examine the association between calcium levels and sleep disorders in a diverse population 

that includes both adolescents and adults, and investigate the effects of calcium levels on sleep disorders. 

Methods: Mendelian randomization analysis was conducted using data from UK Biobank and FinnGen datasets. The inverse-

variance weighting (IVW) was selected as the primary method. In addition, traditional mediation analysis was performed on a subset 

of the NHANES data spanning from 2007 to 2018. 

Results: Our findings provide evidence supporting a causal relationship between calcium intake and reduced risk of sleep 

disorders (beta = -0.079, SE = 0.0395, P = 0.0457). While not reaching statistical significance, other MR methods such as weighted 

median and Mr-Egger exhibited similar directional trends. Analysis of the NHANES cohort revealed a negative association between 

calcium levels and the prevalence of sleep disorders in male, black, and physically active populations. However, this association 

was not observed in other demographic groups. 

Conclusion: Our results suggested that there is no significant correlation between calcium levels and sleep disorder in non-

exercise populations. This raises concerns about the long-term high-dose calcium supplementation in clinical practice, which re-

quires further investigation.  

Keywords: Sleep disorders; Calcium; Mendelian randomization   
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1. Introduction 

Sleep quality plays a crucial role in various aspects of human functioning, including, attention, cognition, learning, memory, 

decision-making skills, and daytime activities [1–3]. Conversely, poor sleep quality has been associated with chronic diseases such 

as hypertension, hyperlipidemia, cardiovascular diseases, diabetes mellitus, obesity, and metabolic syndrome [4]. Sleep disorders 

including insomnia, sleep apnea, narcolepsy, and restless leg syndrome can disrupt sleep patterns and contribute to adverse health 

outcomes such as obesity, hypertension, type 2 diabetes, cardiovascular disease, Alzheimer’s disease and increased mortality [4–6]. 

In recent decades, there has been a significant increase in research exploring the risk factors associated with sleep disorders 

and their implications for human health and well-being [7]. Multiple factors, such as inadequate intake of specific nutrients, acute 

and chronic diseases, and mental illness, have been associated with sleep disorders [7–10]. Previous researches have suggested a 

possible inverse association between calcium level and the incidence of sleep disorder [10,11]. However, these studies have relied 

on observational designs, limiting their ability to establish causal relationship between calcium level and sleep disorder. As a result, 

the causal association between calcium level and sleep disorders remains uncertain. 

Mendelian randomization represents a powerful tool in epidemiological research that employs genetic variation as an instru-

mental variable to assess causal relationships between risk factors and specific diseases [12]. Unlike traditional observational studies, 

Mendelian randomization capitalizes on the random assignment of alleles to offspring, mimicking the randomization process in 

controlled trials [13]. This approach effectively address confounding factors and reverse causality commonly observed in observa-

tional studies, producing reliable and representative results comparable to randomized controlled trials. No previous studies have 

employed this approach to investigate the association between calcium levels and sleep disorders using Mendelian randomization, 

despite these advantages of Mendelian randomization. 

Therefore, the objective of this study was to utilize a two-sample Mendelian randomization method, in conjunction with data 

from the NHANES cohort, to examine the potential causal relationship between calcium levels and sleep disorders. By using this 
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novel approach, this study aimed to establish a theoretical foundation for understanding the impact of calcium on the incidence and 

progression of sleep disorders. Our study was able to shed light on the relationship between calcium levels and sleep disorders, 

which may help guide the use of calcium supplements clinically in people with sleep disorders.  

2. Methods 

2.1. Study design 

We conducted a two-sample Mendelian randomization analysis using a combined genome-wide association study (GWAS) 

dataset to evaluate the causal relationship between calcium levels and sleep disorders. To ensure the robustness of our findings, we 

conducted a sensitivity analysis. Additionally, we employed conventional observational mediation analysis techniques to examine 

the mediation effects within the NHANES 2007-2018 dataset (Figure S1). 

2.2. Data sources and selection of genetic variants 

For this study, we utilized data from the UK Biobank (https://gwas.mrcieu.ac.uk), which consisted of 315,153 cases accessed 

through the MR-base platform. Furthermore, data from the FinnGen study of sleep disorders was obtained, which included 19,155 

patients and 197,545 controls, as detailed in Table 1. To identify single nucleotide polymorphisms (SNPs) that demonstrated a 

significant association with calcium, we applied a genome-wide threshold of p < 5e-8, r2 < 0.0001, and clump distance > 10,000 

KB. 

2.3. Mendelian randomization analysis 

In this study, we conducted a two-sample Mendelian randomization analysis, utilizing random effects inverse-variance 

weighted (IVW), weighted median, and Mr-Egger methods to evaluate the possible causal relationship between calcium and sleep 
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disorders by OR value. Since the traditional inverse variance weighted analysis method may suffer from invalid instrument bias or 

pleiotropy, a sensitivity analysis was conducted to evaluate the robustness and validity of the IVW results obtained. 

In an effort to minimize bias caused by horizontal pleiotropy, a phenomenon that influences results through causal pathways 

rather than exposure, our study employed Mr-PRESSO to detect horizontal pleiotropy in all SNPs. In addition, several other estab-

lished MR methods, including weighted median and Mr-Egger regression, were employed to further examine the association be-

tween calcium and sleep disorder. To ensure the robustness of the findings, statistically significant results were subjected to heter-

ogeneity tests, such as Mr-Egger intercept test, sensitivity analysis, and modified Cochran Q statistic. All statistical tests were two-

tailed, and a p-value of less than 0.05 was considered statistically significant. Additionally, we conducted a "leave-one-out" analysis 

to explore the likelihood of a single SNP driving the causal association. 

2.4. NHANES cohort study 

2.4.1. Participants 

Data from the National Health and Nutrition Examination Survey (NHANES, https://www.cdc.gov/nchs/nhanes/index.htm), 

spanning from 2007 to 2018, was analyzed in this study. Figure S1 provides an overview of the study design, sampling, and exclu-

sion criteria. Initially, a total of 54,896 participants who were eligible for sleep questionnaires were included. Following the exclu-

sion of individuals with missing data on any of the measures and covariates, the final study sample consisted of 30,837 individuals. 

Since the sleep questionnaire was administered exclusively to individuals aged 16 and above, the proportion of teenagers in the 

sample was limited to 4.33%. The distribution of participants across genders was approximately equal, with sex ratio of about 1:1 

(Table S2). 
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2.4.2. Serum Calcium 

The Indirect Ion Selective Electrode (I.S.E.) method is employed to measure calcium concentration in serum. This technique 

works by measuring the activity of free calcium ions in the sample solution. When the sample buffer mixture comes into contact 

with the electrode, the calcium ions bind with the ionophore at the electrode's surface, generating a change in potential. The resulting 

measure of total calcium ion units is given in mmol/l. 

2.4.3. Total 25-Hydroxyvitamin D in Serum 

The ultra-high-performance liquid chromatography-tandem mass spectrometry (UHPLC-MS/MS) is used to measure the con-

centrations of 25-hydroxyvitamin D3 (25OHD3), epi-25-hydroxyvitamin D3 (epi-25OHD3), and 25-hydroxyvitamin D2 (25OHD2) 

in human serum. Serum samples are treated by liquid-liquid extraction, PFP column separation, and MS-MS detection, followed by 

quantitation and calculations.  

Total 25-hydroxyvitamin D is the sum of 25-hydroxyvitamin D2 and 25-hydroxyvitamin D3, excluding epi-25-hydroxy. De-

tails of the experiment are available at the Laboratory Method Files section for the detailed laboratory procedure manual (NHANES 

2007-2008: Vitamin D Data Documentation, Codebook, and Frequencies (cdc.gov)). 

2.4.4. sleep disorder 

Participants were assessed for sleep disorders using the Sleep Disorder Questionnaire, which asked whether they had ever 

informed a doctor or healthcare provider about any sleep difficulties [14,15]. Responses of "Yes" or "No" were categorized accord-

ingly, while responses of "Do not know" and "Refused" were considered missing. 
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2.4.5. Covariates 

In this study, age, gender and race were recorded in years at the time of the screening interview. Ethnicity was categorized into 

five groups: Mexican Americans, other Hispanics, non-Hispanic whites, non-Hispanic blacks, and other ethnic/racial groups (refer-

enced as "others"). Body Mass Index (BMI) was determined by dividing an individual's weight in kilograms (kg) by the square of 

their standing height in meters (m). 

Annual Family Income was regrouped into three categories: Under $20,000, $20,000-$100,000 and Over $100,000. Physical 

activity collected by physical activity questionnaire which is based on the Global Physical Activity Questionnaire (GPAQ) and 

includes questions related to daily activities, leisure time activities, and sedentary activities. In this study, we defined physical 

activity using metabolic equivalents of task (MET), which has been correlated with health benefits in previous research and has also 

been employed in cohort studies[16,17]. The value of 600 metabolic equivalents of task (MET) min/week was treated as the cut-off 

point for physical activity inactive or active. 

2.4.6. statistical analysis 

 In line with the Centers for Disease Control and Prevention (CDC) guidelines, analyses were conducted using data from the 

National Health and Nutrition Examination Survey (NHANES). The sample-weighted results of serum calcium and total 25-Hy-

droxyvitamin D measurements were analyzed in a quarter of the participants aged 16-18 years. The difference in percentages of 

subgroup of calcium and vitamin D to sleep disorder phenotypes among survey cycles were tested using the Chi-Squared Test. In 

Model I, no covariate was considered. In Model II, sociodemographic (sex, age, ethnicity) was considered as covariate. In Model 

III, sociodemographic and BMI were considered as covariates. In Model IV, sociodemographic, BMI, income and Physical activity 

were adjusted as covariates. 
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3. Results 

3.1. Instrumental variables for Mendelian randomization 

To establish the instrument variables (IVs) for our study, we selected 163 independent SNPs associated with calcium at ge-

nome-wide significance (as indicated in Table 1 and Figure 1) from GWASs. After removal of SNPs in linkage disequilibrium, 160 

SNPs demonstrated a positive association with sleep disorders, albeit some of them lacked statistical significance. After removing 

outlier SNPs with MR-PRESSO, 148 SNPs remained as instrumental variables (with a number of bootstrap replicas set at 10,000). 

The P-value of 1.00E-05 corresponds to an F statistic of approximately 20 [18]. It is worth mentioning that a threshold of F < 10 is 

often employed to characterize "weak IVs." In this study, since our criteria for SNP selection was set at a P-value less than 5.00E-

08, the possibility of weak instrument bias was deemed negligible. 

3.2. Mendelian randomization results  

The influence of each SNP locus on sleep disorders was obtained through Mendelian randomization of two samples, and the 

results are shown in Figure 1. Our study found evidence supporting a causal association between calcium and sleep disorders using 

the IVW method (OR, 0.924, 95%CI, 0.855 - 0.998, P, 0.0457), other MR methods showed similar trends, although not statistically 

significant (Figure 1 and Figure 2). To assess the robustness of our findings, we performed further tests using Mr-Egger and Mr-

PRESSO for the included SNPs, and did not detect potential horizontal pleiotropy (P = 0.695). The funnel plot analysis also revealed 

no bias in our study (Figure 3). 
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3.3. Heterogeneity and sensitivity test  

The modified Cochran Q statistic indicated no significant heterogeneity in the effects of the included SNPs (P = 0.24). We 

further performed a leave-one-out sensitivity analysis to evaluate the impact of individual SNP sites on the overall causal relation-

ship. As shown in Figure 4, the causal relationship remained unchanged and significant when each SNP was systematically removed 

and the MR analysis was repeated, indicating that our estimated effect was not driven by a single SNP. 

3.4. NHANES  

Table S1 outlines the baseline characteristics of participants across survey waves. A study found that the prevalence of sleep 

disorder was 24.53%, showing significance increase since 2009 (p < 0.0001), suggests that the incidence of sleep disorders appears 

to be increasing annually. To better describe the level of serum calcium and 25-hydroxyvitamin D concentration, serum calcium 

and 25-hydroxyvitamin D were divided into four intervals by the quartile method. The threshold of serum calcium (mmol/L) con-

centration is as follows: [1.6,2.3] Q1, (2.3,2.35] Q2, (2.35,2.4] Q3, (2.4,3.7] Q4. The threshold of serum 25-hydroxyvitamin D 

(nmol/L) concentration is as follows: [6.15,44.3] Q1, (44.3,61.1] Q2, (61.1,79.4] Q3, (79.4,422] Q4. Similarly, we used the quartile 

method to divide BMI into the following four levels, Q1: [13.18,24], Q2: (24,27.8], Q3: (27.8,32.5], Q4: (32.5,86.2]. 

Participants were divided into with sleep disorder and without sleep disorder group. The characteristic of participants without 

sleep disorder and with sleep disorder were presented in Table S2. The analysis indicates that the distribution of sleep disorders in 

age, race, family income, BMI, serum calcium and 25-hydroxyvitamin D significantly different, indicating that these may affect the 

occurrence of sleep disorders. 

The results of binary logistic regression models of serum trace metals and serum trace metals ratios on self-reported sleep 

disorders were described in Table 2. Model 1 served as the baseline model with no covariates. Control variables (sex, age, race, 

BMI and income) were selected using stepwise regression and added to create Model II.  
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To further investigate the effects of serum calcium on sleep at different concentrations, stratified regression was used. (Table 

3). Calcium were likely to be protected factor for sleep disorder in male, black and Physical active populations.  

 

4. Discussion 

The study suggests no significant correlation between serum calcium levels and sleep disorders in non-exercising populations. 

Previous research has suggested a potential protective role of calcium in sleep disorders. For instance, Alkhatatbeh et al.[19] found 

low calcium intake among university students with sleep disorders, while Grandner et al. [11] demonstrated that calcium intake 

could improve sleep quality. Jeon et al. [20] identified an association between lower serum calcium levels and disrupted sleep and 

rest activity rhythms in shift workers. However, these studies have mainly focused on specific populations predominantly adults. 

Grandner's study, for example, included individuals with an average age of 46.3 years, while Alkhatatbeh's study targeted individ-

uals aged 18-29. The inclusion of different populations can introduce confounding variables and result in inconsistent or inconclu-

sive findings. To systematically evaluate the causal relationship between calcium and sleep disorder, we employed a Mendelian 

randomization approach. Genetic variation remains stable throughout an individual's life, and alleles are randomly classified and 

fixed. Hence, so the results of this study provides insights into the potential lifetime benefits of calcium in reducing sleep disorders 

while avoid bias due to confounding factors and reverse causality [13].  

Our analysis of the NHANES cohort revealed an inverse association between calcium levels and sleep disorders among the 

black, physical active and male population. Notably, this association was not observed among adolescents and physical inactive 

population. These findings suggest that the relationship between calcium levels and sleep disorders may be influenced by specfic 

demographic factors. However, further well-designed prospective studies and large-sample randomized controlled trials are needed 

to determine whether the relationship between calcium levels and sleep is causal or a concomitant phenomenon in physical active 
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population. In addition, the mechanisms underlying calcium's protective effect on sleep disorders remain unclear. Previous study 

have implicated calcium’s role in regulating the generation of slow-wave sleep and its impact on sleep rhythms through the calcium 

channel (Ca(V)3.3) in the thalamus [20–22]. Notably, the use of calcium channel blockers has been shown to significantly decrease 

total sleep time (p = 0.037) [23]. Although progress has been made in understanding these mechanisms, current knowledge is limited 

to specific populations[20,21,23] and certain animal models [22]. Therefore, further research is needed to fully comprehend these 

mechanisms and their broader implications. 

There are several limitations to our study. One potential limitation the exclusive inclusion of populations of European descent 

in the GWAS studies, which lacks ethnic diversity. Therefore, it is unclear whether there are genetic differences among various 

ethnic groups, countries, and regions. Furthermore, the lack of comprehensive clinical information prevented subgroup analysis and 

determination of specific causal associations. To address these limitations, we incorporated data from the NHANES population in 

our study. However, it should be noted that the use of questionnaire data to assess sleep disorders in NHANES may be influenced 

by human bias, potentially affecting the accuracy and reliability of the results. Additionally, as sleep and circadian rhythms involve 

complex stages, our study did not segment the sleep process to examine which aspect of sleep are affected by serum calcium levels. 

Future research that involves objective sleep measurements could advance our understanding in this area. Despite these limitations, 

our study provides valuable insights into the relationship between calcium and sleep disorders, offering guidance on the use of 

calcium supplements.  

5. Conclusions 

Our findings indicate that there is no notable correlation between calcium levels and sleep disorders among individuals who 

do not engage in regular exercise. It is important to exercise caution when considering long-term high-dose calcium supplementation 

in clinical practice. It may be necessary to tailor calcium supplementation strategies for diverse populations based on their individual 
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needs. Exercise may be an important mediator in the relationship between sleep and calcium levels. Further studies on the relation-

ship between sleep disorders and calcium levels in different populations can be conducted in the future to further provide calcium 

supplement recommendations for different populations in the clinic.  
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 Figures, Tables and Schemes 

 

Figure 1：Forest plot of the causal effects of SNP associated with calcium on sleep disorders. The red lines represent the MR 

results obtained from the MR-Egger test and IVW method. 
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Figure 2. Scatter plots of genetic associations with body mass index against the genetic associations with sleep disorders. Each 

line represent the causal association for each method.  Jo
urn
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Figure 3. Funnel plot to assess heterogeneity. The blue line represents the inverse‐variance weighted estimate, and the dark 

blue line represents the Mendelian Randomization‐Egger estimate. Jo
urn
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Figure 4. Result of “leave-one out” sensitive analysis. 
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Figure s1. workflow of the population included in our final analysis.  

 

Table 1. Summary of the GWAS included in this study 

 

 

Table S1. Characteristic in sleep disorders of participants across NHANES 2007–2018 cycles. 
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Table S2. Characteristics of participants with and without sleep disorders.  

 

* P < 0.05 was considered statistically significant and presented in bold. Abbreviations: BMI, body mass index. (P values were 

two‐tailed and considered statistically significant at P < .05) 
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Table 2. Associations of serum calcium and Vitamin D with sleep disorder in American adolescence. 

OR, odds ratio; 95 % 

CI, 95 % confidence interval; Model I: No adjustment was made for any covariates. Model II: Adjusted for sociodemographic (sex, 

age, ethnicity). Model III: Adjusted for sociodemographic and BMI. Model IV: Adjusted for sociodemographic, BMI, income and 

Physical activity. 

 

Table 3. The results for stratified regression of serum calcium on sleep in subgroups. 
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Table 1. Summary of the GWAS included in this study

Variable ID Number of SNPs Race Sex Year Sample Size

Calcium ukb-d-30680_irnt 13585309 European female and male 2018 315153

Sleep disorder finn-b-SLEEP 16380458 European female and male 2021 216700
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Table S1. Characteristic in sleep disorders of participants across NHANES 2007–2018 cycles

Variable Total 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 2017-2018 P

n=30837 n=4795 n=5781 n=5009 n=5473 n=5189 n=4590

 Sleep disorder？ < 0.0001

No 23274(75.47) 3738(76.52) 4436(75.82) 3873(74.14) 4093(72.62) 3839(71.07) 3295(68.99)

Yes 7563(24.53) 1057(23.48) 1345(24.18) 1136(25.86) 1380(27.38) 1350(28.93) 1295(31.01)
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Table S2. Characteristics of participants with and without sleep disorders.

Variable Total
Without sleep 

disorder

With sleep 

disorder
P

n=30837 23274 7563

Age < 0.0001

    <18 1335(4.33) 1202(3.44) 133(1.12)

    >=18 29502(95.67) 22072(96.56) 7430(98.88)

Sex < 0.0001

    Female 15836(51.35) 11409(49.21) 4427(58.28)

    Male 15001(48.65) 11865(50.79) 3136(41.72)

Race < 0.0001

    Black 6383(20.7) 4868(11.10) 1515( 9.50)

    Mexican 4844(15.71) 4003(10.08) 841( 5.29)

    Other 6976(22.62) 5583(14.82) 1393(10.51)

    White 12634(40.97) 8820(63.99) 3814(74.70)

Income < 0.001

    Under $20,000 19089(61.9) 14631(61.30) 4458(59.37)

    $20,000-$100,0005157(16.72) 3962(25.25) 1195(24.35)

    Over $100,000 6591(21.37) 4681(13.45) 1910(16.29)

BMI < 0.0001

    Q1 7810(25.33) 6250(26.74) 1560(21.53)

    Q2 7656(24.83) 6025(26.18) 1631(22.42)

    Q3 7745(25.12) 5860(25.05) 1885(24.54)

    Q4 7626(24.73) 5139(22.02) 2487(31.51)

Physical activity < 0.0001

    Active 18648(60.47) 14421(66.53) 4227(59.89)

    Inactive 12189(39.53) 8853(33.47) 3336(40.11)

Vitamin D < 0.0001

    Q1 7732(25.07) 6040(18.26) 1692(16.22)

    Q2 7677(24.9) 5975(23.24) 1702(20.43)

    Q3 7728(25.06) 5913(28.32) 1815(26.20)

    Q4 7700(24.97) 5346(30.19) 2354(37.15)

Calcium 0.01

    Q1 10388(33.69) 7655(32.85) 2733(35.75)

    Q2 7076(22.95) 5361(23.63) 1715(22.83)

    Q3 6282(20.37) 4815(20.89) 1467(19.90)

    Q4 7091(23) 5443(22.63) 1648(21.52)
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Table 2. Associations of serum calcium and Vitamin D with sleep disorder in American adolescence.

Variable Model I Model II Model III Model IV

OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue OR (95% CI) Pvalue

Calcium 

    Q1 ref ref ref ref ref ref ref ref

    Q2 0.89(0.81,0.97) 0.01 0.90(0.82,0.98) 0.01 0.94(0.86,1.02) 0.15 0.94(0.86,1.02) 0.14

    Q3 0.88(0.79,0.97) 0.01 0.91(0.82,1.01) 0.07 0.97(0.87,1.08) 0.56 0.97(0.87,1.07) 0.5

    Q4 0.87(0.80,0.96) 0.01 0.91(0.83,1.01) 0.07 0.97(0.88,1.08) 0.6 0.96(0.87,1.06) 0.39

Jo
urn

al 
Pre-

pro
of



Table 3. The results for stratified regression of serum calcium on sleep in subgroups.

Character Q1 Q2 Q3 Q4 p for trend

Sex

    Female ref 0.97(0.86,1.08) 0.98(0.87,1.11) 1.04(0.91,1.17) 0.66

    Male ref 0.86(0.73,1.00) 0.87(0.75,1.02) 0.82(0.70,0.95) 0.02

Race

    Other ref 0.79(0.63,0.99) 0.86(0.67,1.11) 0.82(0.64,1.06) 0.16

    White ref 0.93(0.83,1.05) 0.93(0.82,1.07) 0.92(0.81,1.05) 0.22

    Mexican ref 0.85(0.68,1.08) 0.78(0.63,0.97) 0.82(0.62,1.08) 0.06

    Black ref 0.86(0.71,1.03) 0.79(0.66,0.94) 0.76(0.65,0.89) <0.001

Physical activity

    Active ref 0.88(0.79,0.99) 0.87(0.76,1.00) 0.83(0.73,0.95) 0.01

    Inactive ref 0.95(0.83,1.10) 0.99(0.84,1.16) 1.01(0.89,1.14) 0.87

Age

    <18 ref 1.68(0.74,3.85) 1.22(0.61,2.44) 1.51(0.80,2.86) 0.54

    >=18 ref 0.91(0.83,1.00) 0.93(0.84,1.02) 0.92(0.83,1.02) 0.1
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Participants with sleep data
N=54896

Age 16-18
N=4507

Age >18
N= 50389

Participants with complete serum 
vitaminD
N=2807

Participants with complete serum ca
N=1974

Participants with no missing data on 
any covariates

N=1950

Missing data of serum vitD
N= 1700

Missing data of serum ca 
N=833

Missing data of covariates
N=24
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