
Citation: Chou, M.-H.; Yang, Y.K.;

Wang, J.-D.; Lin, C.-Y.; Lin, S.-H. The

Association of Serum and Dietary

Magnesium with Depressive

Symptoms. Nutrients 2023, 15, 774.

https://doi.org/10.3390/

nu15030774

Academic Editors: Ligia J.

Dominguez, Nicola Veronese and

Mario Barbagallo

Received: 4 January 2023

Revised: 19 January 2023

Accepted: 30 January 2023

Published: 2 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

The Association of Serum and Dietary Magnesium with
Depressive Symptoms
Ming-Hui Chou 1, Yen Kuang Yang 2,3,4, Jung-Der Wang 1,5 , Chung-Ying Lin 6,7 and Sheng-Hsiang Lin 1,7,8,*

1 Department of Public Health, College of Medicine, National Cheng Kung University, Tainan 704, Taiwan
2 Department of Psychiatry, National Cheng Kung University Hospital, College of Medicine, National Cheng

Kung University, Tainan 704, Taiwan
3 Institute of Behavioral Medicine, College of Medicine, National Cheng Kung University, Tainan 704, Taiwan
4 Department of Psychiatry, Tainan Hospital, Ministry of Health and Welfare, Tainan 700, Taiwan
5 Department of Occupational Medicine, National Cheng Kung University Hospital, College of Medicine,

National Cheng Kung University, Tainan 704, Taiwan
6 Institute of Allied Health Sciences, College of Medicine, National Cheng Kung University, Tainan 704, Taiwan
7 Biostatistics Consulting Center, National Cheng Kung University Hospital, College of Medicine, National

Cheng Kung University, Tainan 704, Taiwan
8 Current address: Institute of Clinical Medicine, College of Medicine, National Cheng Kung University,

35 Siaodong Rd., Tainan 704, Taiwan
* Correspondence: shlin922@mail.ncku.edu.tw

Abstract: Depression is a leading cause of the global burden of disease and has a multifactorial
etiology that includes nutrients. Magnesium status has been associated with depression with
inconclusive results. The impact of chronic latent magnesium deficiency (CLMD, 0.75 ≤ serum
magnesium < 0.85 mmol/L) on depression has not yet been investigated. We assessed the associ-
ation between serum magnesium levels/dietary magnesium intake and depressive symptoms by
analyzing nationally representative data from Taiwan (Nutrition and Health Survey in Taiwan, NAH-
SIT). We used the 5-item Brief Symptom Rating Scale to measure depressive symptoms. Subgroup
analysis by sex was also performed. Serum magnesium levels had a low correlation with dietary
magnesium intake. Higher serum magnesium levels were associated with lower depressive scores
and a lower risk of depressive symptoms, but dietary magnesium intake showed no association.
Sex differences were found. Compared with subjects with serum magnesium <0.75 mmol/L, those
with ≥0.85 mmol/L had lower depressive scores. In conclusion, serum magnesium was inversely
associated with depressive symptoms, but dietary magnesium intake was not. Subjects with CLMD
showed similar depressive scores and were at a similar risk of depressive symptoms to those with
serum magnesium < 0.75 mmol/L. CLMD should be considered while assessing the association
between magnesium status and depressive symptoms.

Keywords: serum magnesium; dietary magnesium intake; depression; depressive symptoms; chronic
latent magnesium deficiency (CLMD); Nutrition and Health Survey in Taiwan (NAHSIT); 5-item
Brief Symptom Rating Scale (BSRS-5)

1. Introduction

Depression is a serious mental disorder affecting the quality of life. It is a major
contributor to the overall global burden of disease and the top cause of years lived with
disability (YLD) [1]. Depression accounts for 5.45% of YLD in all non-communicable and
communicable conditions, and is a leading cause of non-communicable disability [2]. In the
United States, depression is the second leading cause of disability [3] and is a contributor to
the burden allocated to suicide and ischemic heart disease [4]. A similar scenario exists in
Asia. For example, in Taiwan, depression accounted for 4.3% of YLD in 2019 and grows by
an annual rate of 1.2%. Meanwhile, the National Health Insurance spends approximately
USD 1.342 billion annually on antidepressants for depression treatment.
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Magnesium is the fourth most abundant mineral nutrient in the human body; it plays
a fundamental role in blood pressure regulation, glucose metabolism, stress coping, and
neurotransmitter regulation in the central nervous system. The relation between depression
and magnesium may be based on the following mechanism: Depression is associated with
the dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis. Magnesium defi-
ciency triggers the release of the corticotropin-releasing hormone, consequently increasing
the level of the adrenocorticotropin hormone (ACTH) [5]. Stress diathesis and monoamine
dysregulation have been widely recognized as important mechanisms in the development
of depression [5] and are also dysfunctional during HPA excitability. N-methyl-d-aspartate
(NMDA) receptors play a fundamental role in the pathogenesis of depression [6,7]. The
NMDA receptors are activated when glutamates bind and return to their resting state with
the binding of magnesium. NMDA-coupled calcium channels are inclined to activate in a
magnesium-deficient state, which causes neuronal damage [8].

The relationship between magnesium and depression has been examined in previous
reports, both with serum magnesium and magnesium dietary intake [9–15]. Defining a
perfect indicator that appropriately reflects the magnesium status in the human body is
challenging. Due to the sophisticated biological mechanism of absorption and the sensitive
compartmental handling of magnesium under different circumstances, dietary magnesium
intake does not represent the body’s magnesium functional status [16]. Serum magne-
sium only makes up ~1% of total body magnesium and cannot represent the intracellular
magnesium status. However, because we lack a more direct, specific and easily available
biomarker, serum magnesium is currently the most acceptable laboratory test for evaluating
clinical magnesium status, and has been widely adopted as an indicator of magnesium
status to test the association between magnesium and depression [17–20]. The association
between dietary magnesium intake and serum magnesium, and the risk of depression is
currently inconclusive. Previous studies only demonstrated the association with serum
or dietary magnesium, but never in the same study sample to test the differentiation be-
tween these two indicators. The association of serum and dietary magnesium, at the same
time with other diseases, such as diabetes mellitus (DM) and hypertension, is shown in
previous studies [10,21–23].

Hypomagnesemia is associated with manifestations that vary from asymptomatic to
severe. Clinical manifestations include endocrine abnormalities (insulin resistance and dia-
betes mellitus), cardiovascular abnormalities (hypertension, arrhythmia), neuromuscular–
central nervous system symptoms (tremor, headache, hyperexcitability), and others. Other
than severe diseases and overt symptoms, people can experience asymptomatic hypomag-
nesemia or chronic latent magnesium deficiency (CLMD) at serum magnesium levels higher
than 0.6 mmol/L. CLMD is a condition of chronic subtle negative magnesium balance,
which causes affected individuals to be more vulnerable to diseases, while the serum mag-
nesium levels fall into the lower half of the reference interval (0.75–0.85 mmol/L). Possible
reasons for CLMD include a decreased dietary intake, decreased absorption through the
gastrointestinal tract, and increased renal loss [24]. Decreased dietary intake was the most
important reason and has attracted attention due to changes in eating habits, such as the
increased intake of processed and fast food, which contain less magnesium than whole
foods [25,26]. However, illness, drug use, and chronic stress, which also increased the
depletion of magnesium, are important as well. The long-term negative balance between
magnesium absorption and depletion resulted in decreased serum magnesium levels. To
respond to the excessive loss of magnesium, magnesium storage, mainly from bone, is
released to maintain the circulating magnesium within a normal range. Those with CLMD
thus appear to have serum magnesium levels in the “normal” range, but the actual serum
magnesium functionality might be inadequate; this impairs the protective function of
magnesium against diseases, including depression. Nevertheless, such a deficiency may
be neglected due to the examination results falling in the normal levels of current refer-
ence ranges. The suggested reference range was based on measuring serum magnesium
in “healthy” individuals in the NHANES (1974), who were not aware of their CLMD
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condition [27]. A call for a standardized and evidence-based normal interval for serum
magnesium has emerged in recent decades [28–30]. The above studies focus mainly on
physical disease, and thus the impact on CLMD and depressive symptoms has not yet been
thoroughly investigated.

In order to demonstrate the discriminative effect of serum magnesium level and
dietary magnesium intake on depressive symptoms, we conducted a study to examine
the relationship between serum magnesium level and dietary magnesium intake, and
the association with depressive symptoms in a community-based national representa-
tive adult population in Taiwan. To further define an optimal serum magnesium level
against depressive symptoms, we also discuss different risks based on different serum
magnesium stratifications.

2. Materials and Methods
2.1. Data Source

The Nutrition and Health Survey in Taiwan (NAHSIT) is a government-sponsored na-
tionally representative cross-sectional nutrition survey conducted by the Ministry of Health
and Welfare in Taiwan, beginning in 1993. This study used the NAHSIT data collected
from 2005 to 2008 (NAHSIT 2005–2008). NAHSIT 2005–2008 used a stratified three-staged
probability sampling design. More details about the design and sample characteristics of
the NAHSIT 2005–2008 have been described in a previously published paper [31]. The
survey included two phases: (1) a questionnaire and (2) physical examinations. Each subject
that was sampled and considered successful completed sociodemographic information,
household information, the 24-hour dietary recall in the household interview, and was then
invited to participate in the health exam. A total of 4615 community-dwelling Taiwanese
citizens, aged 20 years and above, were included in the analysis. The exclusion criteria of
this study included participants who did not provide any of the following data: (1) BSRS-5
(5-item Brief Symptom Rating Scale), (2) 24-hour diet recall, (3) sociodemographic informa-
tion, or (4) blood biochemical parameters. After exclusion, 2193 participants were included
in this study. The approval to conduct this study was granted by the National Cheng Kung
University Research Ethics Review Board (Protocol #B-EX-110-014).

2.2. BSRS-5 (5-Item Brief Symptom Rating Scale)

We used the BSRS-5, a self-administered questionnaire, to assess the participants’
psychological health status. The BSRS-5 was derived from the Symptom Checklist-90-
Revised (SCL-90-R) and has been validated with excellent validity and reliability in both
medical and community settings in Taiwan. The BSRS-5 is used to measure five different
dimensions: (1) anxiety (feeling tense or being keyed up), (2) depression (feeling blue or
sad), (3) hostility (feeling easily annoyed or irritated), (4) interpersonal hypersensitivity
(feeling inferior to others), and (5) additional symptoms (having trouble falling asleep). The
item responses ranged from 0 to 4 (0 = not at all; 1 = a little bit; 2 = moderately; 3 = quite
a bit; and 4 = extremely). The total score ranged from 0 to 20; a higher score indicated a
higher risk of psychological disorder.

2.3. Magnesium

Two types of magnesium exposure were assessed: serum magnesium (mg/dL) and
dietary magnesium intake (mg). Serum magnesium concentration was measured by the
colorimetric method using a Roche Cobas Integra 800 (Roche, Basel, Switzerland). To
conduct the colorimetric method, an alkaline complex with absorption at 520 nm was
formed. The formation of the alkaline complex is positively associated with the level
of serum magnesium. Calcium interference was avoided by using Glycoletherdiamine-
N,N,N′,N′-tetraacetic acid (GEDTA). Dietary magnesium intake was assessed using the
24-hour dietary recall questionnaire [32].
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2.4. Covariates

Based on previous studies on magnesium and psychological distress, a wide range
of covariates were included in the analysis. We included the following potential sociode-
mographic confounding variables: age (continuous, range 20–101), sex, education level
(none, below senior high school [SHS], SHS, and above SHS), and income level (no income,
20,000 New Taiwan dollars [NTD] or lower, NTD 20,001 to 50,000, NTD 50,001 to 70,000,
and NTD 70,001 or greater).

Physical activity status was determined by several questions regarding whether the
participants were engaged in the following activities regularly: walking, running, hiking,
folk dancing, aerobic dancing, swimming, and bicycling. Participants were grouped into
three levels: (1) no, (2) yes—walking, and (3) yes—more than walking. Alcohol use and
smoking status were grouped into non-drinker, former drinker, and current drinker and
non-smoker, former smoker, and current smoker, respectively. The history of comorbidities
was determined by the participants’ self-reported data regarding whether they had been
diagnosed with hypertension, kidney disease, and diabetes mellitus by doctors (yes versus
no). We obtained the total energy intake from the 24-hour dietary recall questionnaire.
Serum c-reactive protein (CRP) levels (mg/L) were grouped into three clinically relevant
categories: (1) CRP < 1, (2) 1 ≤ CRP < 3, and (3) CRP ≥ 3. Calcium was also included for its
interaction with magnesium.

2.5. Statistical Analysis

Differences in covariates by BSRS total scores and the scores of each BSRS item were
tested using t-tests or ANOVAs for categorical variables, and simple linear regression
analysis for continuous variables. Pearson correlations were estimated between dietary
magnesium and serum magnesium after removing the 1% extreme values. We conducted
a multiple linear regression analysis and logistic regression to explore the associations of
BSRS-5, both total scores and the scores for each item, and magnesium and the analyses
were adjusted for covariates. Subgroup analysis was conducted by sex. All analyses were
conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA).

3. Results
3.1. Correlations between Dietary Magnesium and Serum Magnesium

Pearson correlations were used to estimate correlations between dietary magnesium
and serum magnesium. We excluded the highest and lowest 1% extreme values to preclude
the effect of the outlier. The correlation coefficient was 0.073. The low correlation implies
that a higher dietary magnesium intake does not necessarily represent higher serum
magnesium concentrations (Figure 1).
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3.2. Demographic Variables

The characteristics of the included subjects are listed in Table 1. In total, 1124 (51.25%)
participants in this study were women. The education level of 934 (42.59%) partici-
pants in this study was below SHS, and more than 60% of the participants had an in-
come level of NTD 20,000 or lower. Regarding behavior-related factors, 977 (44.55%)
participants had no exercise habits, 1183 (53.94%) were non-drinkers and 1490 (67.94%)
were non-smokers. Most of the participants had a CRP level < 1 mg/L (1041; 47.47%),
188 (8.57%) had DM, 528 (24.08%) had hypertension and 40 (1.82%) had kidney disease.
The mean age was 53.36 (±17.36) years old; the mean dietary magnesium (Mg) intake
was 278 (±185) mg/day; the mean serum Mg was 2.14 (±0.19) mg/dL; the mean dietary
calcium (Ca) intake was 611 (±527) mg/day; the mean serum Ca was 9.18 (±0.43) mg/dL;
and the mean BSRS-5 total score was 1.86 (±2.6) (Table 1).

Table 1. Participant characteristics (N = 2193).

Mean (±SD) or N (%)

Sex
Women 1124 (51.25)
Men 1069 (48.75)

Education level
None 208 (9.48)
Below SHS 934 (42.59)
SHS 585 (26.68)
Above SHS 466 (21.25)

Income level
No income 533 (24.30)
NTD 20,000 or lower 839 (38.26)
NTD 20,001 to 50,000 569 (25.95)
NTD 50,001 to 70,000 153 (6.98)
NTD 70,001 or greater 99 (4.51)

Physical activity status
No 977 (44.55)
Yes—walking 613 (27.95)
Yes—more than walking5 603 (27.50)

Alcohol use
Non-drinker 1183 (53.94)
Former drinker 178 (8.12)
Current drinker 832 (37.94)

Smoking status
Non-smoker 1490 (67.94)
Former smoker 272 (12.40)
Current smoker 431 (19.65)

CRP (mg/L)
CRP < 1 1041 (47.47)
1 ≤ CRP < 3 754 (34.38)
CRP ≥ 3 398 (18.15)

DM
No 2005 (91.43)
Yes 188 (8.57)

Hypertension
No 1665 (75.92)
Yes 528 (24.08)

Kidney disease
No 2153 (98.18)
Yes 40 (1.82)

Age (per year)
53.36 (±17.36)
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Table 1. Cont.

Mean (± SD) or N (%)

Dietary Mg (mg/day)
278 (±185)

Serum Mg (mg/dL)
2.14 (±0.19)

Dietary Ca (mg/day)
611 (±527)

Serum Ca (mg/dL)
9.18 (±0.43)

Total energy intake
1.86 (±0.96)

BSRS—Insomnia
0.62 (±1.02)

BSRS—Anxiety
0.29 (±0.66)

BSRS—Hostility
0.37 (±0.71)

BSRS—Depression
0.35 (±0.69)

BSRS—Inferiority
0.23 (±0.60)

BSRS Total score
1.86 (±2.6)

BSRS = Brief Symptom Rating Scale; CRP = C-reactive protein; DM = Diabetes mellitus; NTD = New Taiwan
dollar; SD = Standard deviation; SE = Standard error; SHS = Senior high school; Mg = Magnesium. Unit of total
energy intake was in 1000 kcal.

3.3. Association of Magnesium and BSRS-5

The results of the multivariate regression showed that serum Mg was negatively
correlated with BSRS score (β = −0.85, 95% CI −1.43 to −0.27), insomnia (β = −0.26,
95% CI −0.48 to −0.03), depression (β = −0.26, 95% CI −0.41 to −0.10), and inferiority
(β = −0.17, 95% CI −0.30 to −0.04). After adjusting for age, sex, educational levels, income
levels, smoking status, alcohol use, physical activity status, hypertension, diabetes mellitus,
kidney disease, c-reactive protein, and total energy intake (per 1000 kcal), the result still
showed a negative association with depressive scores (β = −0.18, 95% CI −0.34 to −0.02).
Further, for model 2, adjusted for all the variables in model 1 plus calcium (Ca), the result
showed a negative association with depressive scores (β = −0.16, 95% CI −0.34 to −0.03).
However, dietary Mg was not significantly associated with the depressive, or any other
scores, of BSRS-5 items in either the simple model or the adjusted models (Table 2).

Table 2. Simple and multiple linear regression analysis of BSRS-5 outcome measures versus predictor
variables (dietary or serum magnesium).

Serum Mg Dietary Mg 1

Outcome β p-Value 95% CI β p-Value 95% CI

BSRS score
Simple model −0.85 0.0041 ** (−1.43, −0.27) −0.02 0.5685 (−0.08, 0.04)
Model 1 2 −0.43 0.1463 (−1.02, 0.15) −0.01 0.8338 (−0.09, 0.07)
Model 2 3 −0.48 0.1142 (−1.07, 0.11) −0.01 0.8073 (−0.11, 0.08)

Insomnia
Simple model −0.26 0.0262 * (−0.48, −0.03) −0.01 0.3857 (−0.03, 0.01)
Model 1 2 −0.10 0.4119 (−0.33, 0.14) −0.01 0.6749 (−0.04, 0.02)
Model 2 3 −0.13 0.2899 (−0.36, 0.11) −0.01 0.5761 (−0.05, 0.03)
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Table 2. Cont.

Serum Mg Dietary Mg 1

Outcome β p-Value 95% CI β p-Value 95% CI

Anxiety
Simple model −0.05 0.5051 (−0.20, 0.10) 0.00 0.7923 (−0.01, 0.02)
Model 1 2 −0.04 0.6443 (−0.19, 0.12) 0.01 0.2116 (−0.01, 0.03)
Model 2 3 −0.04 0.6287 (−0.19, 0.11) 0.02 0.5761 (−0.00, 0.05)

Hostility
Simple model −0.11 0.1595 (−0.27, 0.05) 0.00 0.5616 (−0.01, 0.02)
Model 1 2 −0.04 0.6325 (−0.20, 0.12) 0.01 0.6341 (−0.02, 0.03)
Model 2 3 −0.04 0.6404 (−0.20, 0.12) −0.00 0.9433 (−0.03, 0.02)

Depression
Simple model −0.26 0.0011 ** (−0.41, −0.10) −0.01 0.1431 (−0.03, 0.00)
Model 1 2 −0.18 0.0239 * (−0.34, −0.02) −0.01 0.2058 (−0.04, 0.01)
Model 2 3 −0.16 0.0226 * (−0.34, −0.03) −0.01 0.3044 (−0.04, 0.01)

Inferiority
Simple model −0.17 0.0127 * (−0.30, −0.04) 0.00 0.7720 (−0.02, 0.01)
Model 1 2 −0.08 0.2405 (−0.22, 0.05) −0.01 0.5030 (−0.02, 0.01)
Model 2 3 −0.09 0.1997 (−0.23, 0.05) −0.01 0.4338 (−0.03, 0.01)

BSRS = Brief Symptom Rating Scale; CI = Confidence interval; Mg = Magnesium; Ca = Calcium; * p < 0.05;
** p < 0.01. 1 Unit of dietary Mg was in 100 mg. 2 Adjusted for age, sex, educational levels, income levels, smoking
status, alcohol use, physical activity status, hypertension, diabetes mellitus, kidney disease, c-reactive protein,
and total energy intake (per 1000 kcal). 3 Adjusted for all variables in model 1 plus Ca.

We also categorized the outcomes as binary results. Those with a BSRS-5 total
score ≥ 6 were classified as positive for psychological distress. In every single item of
BSRS-5, scores ≥ 2 were classified as positive for symptoms. The results of the multivariate
logistic regression showed that serum Mg was protectively correlated with BSRS score
(OR = 0.436, 95% CI 0.203 to 0.938), insomnia (OR = 0.518, 95% CI 0.287 to 0.933), depression
(OR = 0.315, 95% CI 0.135 to 0.733), and inferiority (OR = 0.213, 95% CI 0.076 to 0.599).
After adjusting for age, sex, educational levels, income levels, smoking status, alcohol
use, physical activity status, hypertension, diabetes mellitus, kidney disease, c-reactive
protein, and total energy intake (per 1000 kcal), the result showed a protective effect against
depression (OR = 0.378, 95% CI 0.155 to 0.924) and inferiority (OR = 0.305, 95% CI 0.102 to
0.912). Model 2 further adjusted all the variables in model 1, plus Ca, and was marginally
significant for depression (OR = 0.420, 95% CI 0.170 to 1.035). However, dietary Mg was
not significantly associated with any item of BSRS-5 in either the simple or adjusted models
(Table 3).

Table 3. Simple and multiple logistic regression analysis of BSRS-5 outcome measures versus predictor
variables (dietary or serum magnesium).

Serum Mg Dietary Mg 1

Outcome ORs p-Value 95% CI ORs p-Value 95% CI

BSRS Total score
Simple model 0.436 0.0337 * (0.203, 0.938) 0.984 0.7066 (0.905, 1.070)
Adjusted model 1 2 0.657 0.3101 (0.292,1.478) 1.017 0.7696 (0.908, 1.139)
Adjusted model 2 3 0.714 0.4184 (0.316, 1.614) 0.978 0.7558 (0.850, 1.125)

Insomnia
Simple model 0.518 0.0285 * (0.287, 0.933) 1.009 0.7630 (0.950, 1.072)
Adjusted model 1 2 0.695 0.2430 (0.377, 1.280) 1.004 0.9271 (0.925, 1.090)
Adjusted model 2 3 0.677 0.2145 (0.366, 1.254) 1.008 0.8669 (0.916, 1.109)

Anxiety
Simple model 0.616 0.2867 (0.252, 1.502) 1.020 0.6537 (0.934, 1.115)
Adjusted model 1 2 0.664 0.3985 (0.256, 1.719) 1.101 0.0864 (0.986, 1.228)
Adjusted model 2 3 0.710 0.4861 (0.271, 1.861) 1.129 0.0550 † (0.997, 1.227)
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Table 3. Cont.

Serum Mg Dietary Mg 1

Outcome ORs p-Value 95% CI ORs p-Value 95% CI

Hostility
Simple model 0.621 0.2524 (0.275, 1.404) 1.071 0.0626 (0.996, 1.151)
Adjusted model 1 2 0.767 0.5525 (0.319, 1.843) 1.085 0.1117 (0.981, 1.200)
Adjusted model 2 3 0.809 0.6402 (0.333, 1.967) 1.061 0.3497 (0.938, 1.200)

Depression
Simple model 0.315 0.0074 ** (0.135, 0.733) 0.921 0.1317 (0.828, 1.025)
Adjusted model 1 2 0.378 0.0330 * (0.155, 0.924) 0.935 0.3808 (0.804, 1.087)
Adjusted model 2 3 0.420 0.0594 † (0.170, 1.035) 0.873 0.1696 (0.719, 1.060)

Inferiority
Simple model 0.213 0.0034 ** (0.076, 0.599) 0.955 0.4803 (0.841, 1.085)
Adjusted model 1 2 0.305 0.0336 * (0.102, 0.912) 0.911 0.3306 (0.755, 1.099)
Adjusted model 2 3 0.405 0.1099 (0.134, 1.226) 0.836 0.1522 (0.654, 1.068)

BSRS = Brief Symptom Rating Scale; CI = Confidence interval; Mg = Magnesium; Ca = Calcium; * p < 0.05;
** p < 0.01; † marginally significant. 1 Unit of dietary Mg was in 100 mg.2 Adjusted for age, sex, educational
levels, income levels, smoking status, alcohol use, physical activity status, hypertension, diabetes mellitus, kidney
disease, c-reactive protein, and total energy intake (per 1000 kcal). 3 Adjusted for all variables in model 1 plus Ca.

3.4. Sex Stratification for Analysis of BSRS-5 Versus Serum Magnesium

For men, the analysis results show that serum magnesium was negatively associated
with BSRS total score (β = −1.79, 95% CI −2.58 to −0.99), insomnia (β = −0.76, 95% CI
−1.07 to −0.45), anxiety (β = −0.25, 95% CI −0.42 to −0.07), depression (β = −0.39, 95% CI
−0.60 to −0.18), and inferiority (β = −0.23, 95% CI −0.42 to −0.05) in the simple model
(Table 3). Further, model 1 adjusted the risk factors, including age, educational levels,
income levels, smoking status, alcohol use, physical activity status, hypertension, diabetes
mellitus, kidney disease, c-reactive protein, and total energy intake (per 1000 kcal). Results
consistent with the simple model were observed: there was a significant negative impact
on BSRS total score (β = −1.49, 95% CI −2.31 to −0.67), insomnia (β = −0.61, 95% CI −0.93
to −0.28), anxiety (β = −0.25, 95% CI −0.43 to −0.07), and depression (β = −0.35, 95% CI
−0.58 to −0.13) (Table 3). Derived from model 1, Ca was included to establish model 2,
which showed consistent results with model 1 (a significant negative impact on BSRS total
score (β = −1.56, 95% CI −2.39 to −0.73), insomnia (β = −0.64, 95% CI −0.97 to −0.32),
anxiety (β = −0.25, 95% CI −0.43 to −0.07), and depression (β = −0.36, 95% CI −0.59 to
−0.13)) (Table 3). In women, only a positive association with insomnia was observed in the
adjusted models (Table 4).

Table 4. Simple and multiple linear regression analysis of BSRS-5 outcome measures versus predictor
variables (serum magnesium) by sex.

Men Women

Outcome β p-Value 95% CI β p-Value 95% CI

BSRS Total score
Simple model −1.79 < 0.0001 *** (−2.58, −0.99) 0.18 0.6774 (−0.65, 1.01)
Model 1 1 −1.49 0.0004 *** (−2.31, −0.67) 0.63 0.1394 (−0.21, 1.47)
Model 2 2 −1.56 0.0002 *** (−2.39, −0.73) 0.61 0.1578 (−0.23, 1.45)
Model 3 3 - - - 0.53 0.2373 (−0.35, 1.40)

Insomnia
Simple model −0.76 < 0.0001 *** (−1.07, −0.45) 0.28 0.0957 (−0.05, 0.60)
Model 1 1 −0.61 0.0002 *** (−0.93, −0.28) 0.39 0.0217 * (0.06, 0.72)
Model 2 2 −0.64 0.0001 *** (−0.97, −0.32) 0.38 0.0276 * (0.04, 0.71)
Model 3 3 - - - 0.35 0.0482 * (0.00, 0.69)
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Table 4. Cont.

Men Women

Outcome β p-Value 95% CI β p-Value 95% CI

Anxiety
Simple model −0.25 0.0057 ** (−0.42, −0.07) 0.17 0.1509 (−0.06, 0.41)
Model 1 1 −0.25 0.0078 ** (−0.43, −0.07) 0.18 0.1515 (−0.06, 0.42)
Model 2 2 −0.25 0.0077 ** (−0.43, −0.07) 0.17 0.1595 (−0.07, 0.42)
Model 3 3 - - - 0.15 0.2362 (−0.10, 0.40)

Hostility
Simple model −0.16 0.1503 (−0.38, 0.06) −0.06 0.6285 (−0.29, 0.17)
Model 1 1 −0.13 0.2724 (−0.35, 0.10) 0.07 0.5743 (−0.16, 0.29)
Model 2 2 −0.13 0.2691 (−0.35, 0.10) 0.06 0.5981 (−0.17, 0.29)
Model 3 3 - - - 0.06 0.5956 (−0.17, 0.30)

Depression
Simple model −0.39 0.0004 *** (−0.60, −0.18) −0.11 0.3100 (−0.34, 0.11)
Model 1 1 −0.35 0.0019 ** (−0.58, −0.13) 0.00 0.9929 (−0.23, 0.22)
Model 2 2 −0.36 0.0018 ** (−0.59, −0.13) −0.00 0.9835 (−0.23, 0.22)
Model 3 3 - - - −0.01 0.9388 (−0.24, 0.23)

Inferiority
Simple model −0.23 0.0133 * (−0.42, −0.05) −0.10 0.3011 (−0.29, 0.09)
Model 1 1 −0.16 0.1048 (−0.35, 0.03) 0.00 0.9959 (−0.20, 0.20)
Model 2 2 −0.17 0.0733 (−0.37, 0.02) −0.00 0.9683 (−0.20, 0.19)
Model 3 3 - - - −0.03 0.7990 (−0.23, 0.18)

BSRS = Brief Symptom Rating Scale; CI = Confidence interval; Mg = Magnesium; * p < 0.05; ** p < 0.01; *** p < 0.001.
1 Adjusted for age, educational levels, income levels, smoking status, alcohol use, physical activity status,
hypertension, diabetes mellitus, kidney disease, c-reactive protein, and total energy intake (per 1000 kcal).
2 Adjusted for variables in model 1 plus Ca.3 Adjusted for variables in model 2 plus menopause.

3.5. Stratification Analysis of the Relation between Serum Magnesium and Depression

Serum magnesium was further stratified into four groups (<0.75 mmol/L;≥0.75 mmol/L
and <0.85 mmol/L; ≥0.85 mmol/L and <0.95 mmol/L; ≥0.95 mmol/L), and the outcome
variables for depression were divided into binary and continuous variables for regression
analysis. The adjusted covariates included age, educational levels, income levels, smoking
status, alcohol use, physical activity status, hyper-tension, diabetes mellitus, kidney disease,
c-reactive protein, total energy intake (per 1000 kcal) and calcium. A dose–response result
can be observed in Figure 2, with higher serum magnesium concentrations having a higher
protective effect against depressive symptoms. The relevant data are shown in the footnotes
of Figure 2a,b.
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Figure 2. (a) Adjusted β (regression coefficient) of depressive symptoms versus serum magnesium
(Mg). The reference group was serum Mg < 0.75 mmol/L. From top to bottom, β value for the
three comparisons were [−0.077 (95% CI −0.210–0.056)], [−0.128 (95% CI −0.254–−0.002)], and
[−0.180 (95% CI −0.319–−0.041)]. (b) Adjusted odds ratios of depressive symptoms versus serum
magnesium (Mg). The reference group was serum Mg < 0.75 mmol/L. From top to bottom, the odds
ratio for the three comparisons were [0.770 (95% CI 0.402–1.477)], [0.585 (95% CI 0.314–1.090)], and
[0.459 (95% CI 0.218–0.966)].

4. Discussion

After adjusting for potential confounders and applying two different statistical mod-
els, we consistently found serum magnesium to be inversely associated with depressive
symptoms, but dietary magnesium intake was not. To our knowledge, this is the first study
to examine the association of serum magnesium concentration and dietary magnesium
intake with the risk and severity of depressive symptoms with a dose–response effect in
community-dwelling populations. This study also shows that subjects with CLMD have
similar risk and symptom severity to those with hypomagnesemia. Our results also show
that serum magnesium had a low correlation with dietary magnesium. Serum magnesium
levels were negatively associated with depressive symptoms in the overall sample, among
men, but not among women.

There was a statistically significant association between serum magnesium and de-
pressive symptoms, both in linear and logistic regression. For every one mg/dL increase in
the serum magnesium concentration, the score of depressive symptoms decreased by 0.18,
with an OR of 0.378. Further adjusting calcium into the model still showed that the score
of depressive symptoms decreased by 0.16, with an OR of 0.420 (marginally significant).
However, there was no such association between dietary magnesium intake and depressive
symptoms. Similar to previous studies investigating the relationship between magnesium
status and diabetes mellitus, there was no association between dietary magnesium intake
and diabetes mellitus, while there was an inverse association between serum magnesium
and diabetes mellitus [21,22]. Similar studies assessing the association with hypertension
were conducted, but the conclusions were relatively inconsistent [10,23]

Why should low serum magnesium levels, but not a low dietary magnesium intake,
be associated with depressive symptoms? First, compared with serum magnesium, the
measurement of dietary intake is less precise and could have resulted in a type 2 error. Sec-
ond, dietary magnesium intake has to pass through complicated pathways of absorption,
depletion and storage to meet the changing daily body needs. Thus, the same magnesium
intake could contribute differently to the body’s magnesium state from one day to another,
and dietary magnesium intake might not represent the functional magnesium status within
the body. In contrast, serum magnesium levels reflect the dynamic balance between differ-
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ent pathways of compartmental handling of whole-body magnesium, and could represent
the magnesium status more directly. This is congruent with a low correlation between a
dietary magnesium intake and serum magnesium levels in our study (r = 0.073), similar
to that found in the Atherosclerosis Risk in Communities (ARIC) cohort (r = 0.06) [33].
Nevertheless, this does not preclude the possibility that pharmacological doses of magne-
sium supplements might influence serum magnesium levels. We hypothesize that, if the
aim was to prevent the risk caused by hypomagnesemia, the effect of dietary magnesium
intake/supplement probably needs to achieve adequate magnesium functionality through
the correction of serum magnesium levels.

Sex differences were observed in our results. Sex hormones and menstruation cycles
in females could explain why the association was found in men but not in women. The
fluctuation of estrogen and progesterone during different menstruation phases increases
the vulnerability of women to depressive symptoms [34]. Furthermore, serum magnesium
levels have been reported to vary during different phases of the menstrual cycle with
the effect of sex hormones [35]. Intra-individual variation might impact the readings of
serum magnesium and thus obscure the association between serum magnesium levels and
depressive symptoms in women.

The current reference interval for serum magnesium was defined by measuring serum
magnesium levels in healthy individuals taking part in the first National Health and
Nutrition Examination Survey in 1974 (NHANES I 1974) [27]. The central 95th percentile of
serum magnesium level (0.75–0.95 mmol/L) of the included 15,820 subjects, aged 18–74,
was defined as the normal range. It must be acknowledged that this reference interval is
based on the distribution of serum magnesium in the population, but not the association
between serum magnesium and health outcomes. A re-evaluation of this reference interval,
based on new evidence with respect to health outcomes, has been advocated [30].

Chronic latent magnesium deficiency (CLMD) was defined as a subclinical condition
that makes individuals more vulnerable to disease; meanwhile, the serum magnesium
levels are above the lower cut-off point for the reference interval (0.75 mmol/L). Previ-
ous studies showed that CLMD was associated with a higher risk of disease [30,36–38].
CLMD is a consequence of a small chronic negative magnesium balance, which may be
caused by decreased intake, decreased absorption, and/or increased excretion [24]. The
most commonly noticed reason for CLMD is a decreased magnesium dietary intake, since
processed and refined food tend to have a lower magnesium content [25,26]. Illness and
drug use must also be taken into account. These reasons together contribute to a nega-
tive magnesium balance and cause the serum magnesium concentration to decrease. In
response to this low-key chronic process, magnesium was shown to be depleted from bone
to support the homeostasis of serum magnesium [36]. This equilibrating process is chronic
because it extends over years, even throughout a lifetime. It is latent because the serum
concentration level tested is within the reference interval, even at the lower end, and the
examinee is thus categorized as having normal magnesium status. Therefore, individuals
with CLMD appear to have “normal” test results, but they do not maintain a magnesium
status sufficient for long-term health [36]. An evidence-based reference interval for serum
magnesium is similar to what has been developed for cholesterol [39]. The previous ref-
erence interval for cholesterol was established from the statistics of cholesterol levels in
normal individuals and had a large variance, especially in the samples from hospitals,
with some having an upper cutoff > 300 mg/dL. After reviewing the medical literature,
an evidence-based upper limit of the reference interval for serum total cholesterol was
proposed by a consensus conference held at the National Institute of Health; this value was
200 mg/dL. Emerging evidence has supported a similar revision of the reference interval
for serum magnesium [30,36–38]. Experts in magnesium research, one group from the
United States and another from Germany, have proposed a serum magnesium value of
0.85 mmol/L as the low cut-off point to define hypomagnesemia; collected data suggested
an increased risk of cardiovascular diseases, diabetes, and mortality from these diseases,
even with values between 0.75 and 0.85 mmol/L [29,30]. The international group of magne-
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sium researchers (Magnesium Global Network [MaGNet]) further recommends an updated
standardization of the serum magnesium reference range based on their survey of reference
range values from collaborating institutions, hospitals, and colleagues worldwide [28]. The
evidence-based new cut-off value of 0.85 mmol/L prevents the inclusion of individuals with
CLMD, who usually fall into the lower half of the reference interval (0.75–0.85 mmol/L)
and tend to be misclassified as having a normal magnesium status.

Our results, in line with previous studies, present the correlation of CLMD with
depressive symptoms. Symptoms did not differ between those with CLMD and those
with hypomagnesemia in either linear or logistic analysis. However, those with serum
magnesium ≥ 0.85 mmol/L showed significantly lower depressive scores than those with
hypomagnesemia. This is the first analysis focusing on the association between CLMD
and depressive symptoms, and suggests that CLMD is also applicable to mental disorders.
Whether this association also exists with respect to other psychological symptoms or major
mental disorders requires further study. Previous study also indicated the magnesium
deficits in depression may share similar pathway with other psychiatric disorders and cog-
nitive decline [40]. Our study may also raise the awareness of mental health professionals
regarding the provision of necessary dietary and therapeutic interventions, in order to meet
target magnesium concentrations, thereby decreasing the risk of developing depressive
symptoms and other adverse health outcomes caused by CLMD.

This study has some specific strengths. First, our data are nationally representative
of Taiwanese community-dwelling adults. Second, we adjusted for potential confounders
related to the outcome. Third, we report serum magnesium and dietary magnesium intake
simultaneously; this offers better opportunities for differentiating their effects on depressive
symptoms. In addition, we compared the symptom severity and odds ratio among different
serum magnesium level stratifications, in order to present a dose effect of magnesium status
on depressive symptoms.

The main implication of our results is that low serum magnesium levels confer an
increased odds ratio for depressive symptoms in community-dwelling adults in Taiwan.
Although depressive symptoms and depression are based on multifactorial mechanisms,
our results raise the possibility that adequate functional magnesium status, along with the
modification of other risk factors, might present a meaningful method in order to prevent
depressive symptoms. Our findings suggest that dietary magnesium intake alone may
be inadequate to achieve such an effect. However, whether a pharmacological dose of
magnesium supply (with magnesium supplements or an aggressive dietary plan), in order
to reach a targeted serum magnesium level, can reduce the risk of depression/the severity
of depressive symptoms requires further investigation.

The study was also subject to some possible limitations. First, this and previous
studies that have shown connections between serum magnesium and symptoms/illnesses
were carried out only in ethnically homogenous populations; whether ethnic differences
exist in the connection between serum magnesium and depressive symptoms needs fur-
ther exploration. Second, serum magnesium levels vary during different phases of the
menstruation cycle. Thus, the measurement of serum magnesium concentrations among
female subjects might have been biased and led to a null result. Third, the evaluation of
depressive symptoms was self-reported. Fourth, the study participants were relatively
healthy subjects living in the community, who might present different characteristics from
patients with major depressive disorder or other major physical illness. The relationship
between magnesium status and major depressive disorder needs further examination. Fifth,
the character of this research, as an association study, impedes further inference of causality.
Given that magnesium status is dynamic with daily changes, the time window of the
association requires further exploration. Sixth, serum magnesium cannot represent total
body magnesium storage because it only makes up 1% of total body magnesium. However,
a consensus on a gold standard to represent the functionality of magnesium is absent, and
based on the correlation of serum magnesium with the intracellular magnesium level, the
associations described here might well be underestimated [41]. Seventh, our study did not
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analyze supplemental magnesium separately from other forms of magnesium intake. Thus,
we could not investigate the specific effect of a pharmacological dose of supplemental
magnesium; this limits the externalization of our results regarding the effect of magnesium
supplement against depressive symptoms. Lastly, the presence of residual confounders
cannot be ruled out. For example, factors influencing magnesium absorption and excretion
after dietary intakes, such as calcium intake and medication, could not be completely
controlled for in the analysis [42].

5. Conclusions

In conclusion, serum magnesium was negatively associated with depressive symp-
toms. Subjects with CLMD exhibited a similar risk and symptom severity to those with
magnesium deficiency, defined by the current threshold. The relationship between oral
magnesium intake, both from dietary and magnesium supplements, and depressive symp-
toms, requires further investigation. Since magnesium status is dynamic, its effect on
depressive symptoms over longer periods of time also requires further examination.
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