
Clinical Study

Renal Failure
2023, VOL. 45, NO. 1, 2231084

U-shaped association of serum magnesium with mild cognitive 
impairment among hemodialysis patients: a multicenter study

Yuqi Yang, Yanjun Long, Jing Yuan and Yan Zha

Department of Nephrology, Guizhou Provincial People’s Hospital, Guiyang, Guizhou, China

ABSTRACT
Background:  The optimal serum magnesium level of patients undergoing hemodialysis (HD) with 
cognitive impairment is still unclear. This study aimed to evaluate the association between serum 
magnesium levels and mild cognitive impairment among HD patients.
Methods:  This was a multicenter observational study. Patients undergoing hemodialysis from 22 
dialysis centers in Guizhou Province, China were recruited into the study. HD patients were divided 
into five groups according to serum magnesium quintile. Cognitive function was measured with 
Mini Mental State Examination. The outcome was an incident mild cognitive impairment (MCI). 
Multivariate logistic regression analysis, restricted cubic spline and subgroup analysis were applied 
to explore the association of serum magnesium level with MCI.
Results:  Among 3562 HD patients (mean age 54.3 years, 60.1% male), the prevalence of MCI was 
27.2%. After adjusting for confounders, serum magnesium 0.41–0.83 mmol/L [odds ratios (OR) 1.55, 
95% confidence interval (CI): 1.10–2.18] had a higher risk of MCI compared with serum magnesium 
of 1.19–1.45 mmol/L. A U-shaped association was identified between the serum magnesium and 
incident MCI (P for non-linearity = 0.004). The optimal range of magnesium level with the lowest 
risk of MCI was 1.12–1.24 mmol/L. As the serum magnesium level was lower than 1.12 mmol/L, the 
risk of MCI decreased by 24% per standard deviation (SD) increase in serum magnesium (OR 0.76, 
95%CI: 0.62–0.93); when the serum magnesium level exceeds 1.24 mmol/L, a rise per SD increased 
the risk of MCI by 21% (OR = 1.20, 95%CI: 1.02–1.43). Subgroup analyses demonstrated that the 
associations were robust among individuals with low educational level, smoking, living alone, no 
working, and without hypertension or diabetes.
Conclusions:  Serum magnesium has a U-shaped association with MCI among HD patients. Both 
lower and higher serum magnesium can increase the risk of MCI for this population specifically. 
The optimal serum magnesium range with the lowest risk of MCI was 1.12–1.24 mmol/L.

Introduction

Mild cognitive impairment (MCI) is common in patients with 
chronic kidney disease [1], especially in hemodialysis (HD) 
patients with end-stage kidney disease (ESKD) [2]. The prev-
alence of cognitive impairment ranges from 70–80%, which 
is approximately up to three times higher than that in the 
age-matched general population [3–5]. MCI is closely associ-
ated with an increased risk of compromised quality of life 
and functional capacity, as well as adverse outcomes, includ-
ing hospitalization, and mortality [6,7]. Currently, there are no 
effective pharmacologic therapies to target and affect the 
process of cognitive impairment. Identification of modifiable 

risk factors may offer novel strategies to prevent MCI among 
HD patients.

Magnesium, the second most abundant intracellular cat-
ion in the human body, plays a crucial role in various biolog-
ical processes, including energy metabolism, glycolysis, 
protein, and nucleic acid synthesis [8]. Abnormal serum mag-
nesium level is common in HD patients. Previous studies 
have shown associations of magnesium and several clinical 
outcomes, including mortality, cardiovascular events, and 
hospitalization [9,10]. Additionally, magnesium is essential in 
the regulation of excitatory synaptic transmission, neuronal 
plasticity, and neuronal protection [11], which implies that 

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

CONTACT Yan Zha  zhayan722022@163.com  Department of Nephrology, Guizhou Provincial People’s Hospital, Zhongshan Dong Road No. 83, 
Guiyang, Guizhou, China

 Supplemental data for this article can be accessed online at https://doi.org/10.1080/0886022X.2023.2231084.

https://doi.org/10.1080/0886022X.2023.2231084

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been published allow the posting of the 
Accepted Manuscript in a repository by the author(s) or with their consent.

ARTICLE HISTORY
Received 27 March 2023
Revised 1 June 2023
Accepted 24 June 2023

KEYWORDS
Magnesium; mild 
cognitive impairment; 
U-shaped relationship; 
hemodialysis

mailto:zhayan722022@163.com
https://doi.org/10.1080/0886022X.2023.2231084
https://doi.org/10.1080/0886022X.2023.2231084
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/0886022X.2023.2231084&domain=pdf&date_stamp=2023-7-7
http://www.tandfonline.com


2 Y. YANG ET AL.

magnesium may have a potential role in neurological disor-
ders, including cognitive impairment.

To date, there is disagreement about the exact nature of 
magnesium and cognitive impairment. The majority of previ-
ous studies have mainly focused on hypomagnesemia and 
cognitive impairment. Several studies have demonstrated low 
serum magnesium as a risk factor for cognitive impairment 
in the general population, however, the results of individual 
studies are inconsistent due to the discrepancies in study 
design, study population, sample size, and assessments of 
magnesium, cognitive function [12–14]. Few studies have 
explored the association between hypermagnesemia and 
cognitive impairment [15].

To our best knowledge, there is little evidence about the 
relationship between serum magnesium and cognitive 
impairment among HD patients. With the goal of growing 
our understanding on the role of magnesium in cognitive 
impairment, we aimed to assess the association of serum 
magnesium with incident MCI in HD patients with a 
large-scale, multicenter HD cohort.

Materials and methods

Study population and setting

This was a multicenter, observational cohort study, and 
recruited the patients undergoing maintenance HD from 
22 HD centers in Guizhou Province, China between 1 June 
2019 and 30 September 2020. Patients were eligible for 
inclusion if aged ≥ 18 years old, receiving maintenance HD 
for at least three months, and had completed the biochemi-
cal measurements, and questionnaire records. Our analysis 
excluded individuals with prior receipt of dialysis or organ 

transplant, with severe mood disorders or psychotic disor-
ders, and missing magnesium and cognition measurements. 
More details on the inclusion process of studied populations 
were provided in Figure 1. All the patients performed HD 
with conventional dialyzers under the standard temperature 
(35.5–36.5 °C). The dialysate composition is usually composed 
of sodium (130–140mmol/L), potassium (3-4mmol/L), chloride 
(96–110mmol/L), calcium (1.5–1.75 mmol/L), magnesium (0.6–
1.0 mmol/L), bicarbonate (32–38mmol/L). The electrolyte con-
centrations would be adjusted accordingly.

A professional team composed of eight to ten dialysis 
doctors was dispatched to each HD center. Each doctor has 
been trained uniformly for assessing cognitive impairment 
and conducting the questionnaire, in order to maintain con-
sistency of the study. All the enrolled patients were informed 
and signed written informed consent. The study was 
approved by the Ethics and Research Committee of Guizhou 
Provincial People’s Hospital (Approval number: [2020]208) 
and adhered to the Declaration of Helsinki and subsequent 
amendments.

Outcome variable: cognitive function

Cognitive function was assessed using the Mini-Mental State 
Examination (MMSE) questionnaire by professional dialysis 
doctors at one hour of dialysis treatment, in order to elimi-
nate the influence of HD treatment [16]. It assessed cognitive 
function in 5 components: orientation (5 points for temporal 
orientation, 5 points for spatial orientation), memory (3 
points for immediate recall, 3 points for delayed recall), serial 
subtraction (5 points), language ability (2 points for naming, 
3 points for oral command comprehension, 1 point each for 
repetition, reading and writing), and visuospatial ability (1 

Figure 1.  Flow chat of the study. HD: hemodialysis; MCI: mild cognitive impairment.



Renal Failure 3

point) in order. The scores range from 0 to 30 points, with 
higher scores denoting better cognitive function. A score of 
30–27 points means no cognitive dysfunction, A score < 27 
on the MMSE can be diagnosed as MCI [17].

Exposure variable: serum magnesium

Serum magnesium was measured in mmol/L by an auto-
mated colorimetric method, using the fast blood sample 
drawn in the morning before the dialysis treatment. All the 
blood collection was performed before MMSE testing for 
each patient. Based on the 5th, 35th, 65th, and 95th centiles 
of serum magnesium level (mmol/L), the enrolled patients 
were categorized as five groups: Q1 (0.41–0.83), Q2 (0.84–
1.04), Q3(1.05–1.18), Q4 (1.19–1.45) and Q5 (1.46–2.78). The 
Q4 was used as the reference group in separate models.

Covariate assessment

A well-designed general questionnaire was conducted by 
trained interviewers to collect sociodemographic characteris-
tics, lifestyle behaviors, disease characteristics, and laborato-
rial measurements: age, sex, educational levels (high: >12th 
grade; low: <12th grade), smoking (yes or no), drinking (yes 
or no), working status (yes or no), and living status (living 
with partner or living alone); primary diseases of ESKD, dial-
ysis vintages, vascular access (arteriovenous fistula, AVF or 
other access), the presence of hypertension (diagnosed as 
systolic blood pressure >140 mmHg and/or diastolic blood 
pressure >90 mmHg, or self-reported, or a medical record of 
responding diagnosis or medication; yes or no) and diabetes 
mellitus (diagnosed as HbA1c ≥ 6.5%, random blood glucose 
≥ 11.1 mmol/L, fasting blood glucose ≥ 7.0 mmol/L, or 
self-reported, or a medical record of responding diagnosis or 
medication; yes or no), cerebrovascular disease (CVD; 
self-reported, or a medical record of responding diagnosis; 
yes or no); mean arterial pressure, body mass index (calcu-
lated as weight in kilograms divided by the square of height 
in meters, BMI, kg/m2), waist circumference, hip circumfer-
ence; hemoglobin (g/L), platelets (×109/L), serum albumin 
(g/L), creatinine (umol/L), urid acid (mmol/L), potassium 
(mmol/L), calcium (mmol/L), calcium (mmol/L), sodium 
(mmol/L), intact parathyroid hormone (iPTH, ng/mL), 
high-sensitive C-reactive protein (hs-CRP, mg/L), total choles-
terol (CHOL, mmol/L) and total triglycerides (TG, mmol/L).

Statistical analyses
Participant characteristics were described across serum mag-
nesium categories. The normal distribution was tested using 
the Kolmogorov-Smirnov test. Normally distributed continu-
ous variables were described as means and SDs, and 
non-normally distributed continuous variables were expressed 
as median and interquartile range. Categorical variables were 
expressed as counts (percentages). One-way ANOVA, or 
Kruskal-Wallis H-tests for continuous variables and chi-square 
tests for categorical variables were used for the comparison 
across serum magnesium categories.

The multivariate logistic regression models were used to 
identify independent covariates and to estimate the effect of 
serum magnesium level on the risk of MCI, with odds ratios 
(ORs) and confidence intervals (CIs). Variables achieving 
p-value < 0.05 were entered into multivariate analysis during 
stepwise iteration. In model 1, there was no adjustment. In 
model 2, we adjusted for age and sex. In model 3, we 
adjusted for age, sex, educational level, alcohol drinking, 
smoking, working status, living status, hypertension, mean 
arterial pressure, waist-hip circumference ratio, serum uric 
acid, iPTH, and hs-CRP levels.

Restricted cubic spline (RCS) models were used for nonlin-
ear relationships of serum magnesium levels based on multi-
variate logistic regression models. The number of knots was 
set as 4 (0.05, 0.35, 0.65, 0.95) because 4 knots not only pro-
vide a sufficient fit for the model but are a good compro-
mise between flexibility and overfitting [18]. The likelihood 
ratio test was used for the tests for nonlinearity. If the rela-
tionships were non-linear, the difference of relationships at 
the threshold was performed using two piecewise linear 
regression models. An additional turning point for serum 
magnesium was determined by curve fitting the cognitive 
impairment corresponding to the turning point in the graph, 
and the range between the two points was considered to be 
the threshold for low risk of MCI. The risk associated with 
cognitive impairment is reported with per standard deviation 
(SD) of continuous serum magnesium. Furthermore, the sub-
group analysis was conducted by age (< 45 or ≥ 45 years), 
sex (male or female), education (low or high education), 
smoking (yes or no), living status (yes or no), working status 
(yes or no), hypertension (yes or no), diabetes (yes or no).

All statistical analyses were performed using the statistical 
package R (The R Foundation; http://ww.r-project.org; version 
4.0.1). Two-tailed tests were used and the P value <0.05 was 
considered statistically different.

Results

Patient characteristics

Figure 1 presents the flow chart of patient screening in the 
study. A total of 3821 HD patients were enrolled, and after 
applying the exclusion criteria, the final analytic cohort 
included 3652 HD patients. Table 1 lists the characteristics of 
the patients categorized by serum magnesium centile sub-
groups according to the knots. In the overall population, the 
mean age of 54.3 ± 15.2 years, and 60.1% were male. The 
mean serum magnesium level was 1.12 ± 0.21 mmol/L. There 
were significant subgroup differences in age, sex, educational 
level, HD vintages, vascular access, diabetes mellitus, CHD, 
mean arterial pressure, waist circumference, hip circumfer-
ence, hemoglobin, serum albumin, creatinine, uric acid, 
potassium, calcium, iPTH and hs-CRP levels (all P < 0.05). The 
mean MMSE score was 27.5 ± 3.5 and the overall incidence of 
MCI was 27.2%. The MCI of HD patients with the lowest mag-
nesium level was 39.2%, which was the highest among the 
five categories.

http://ww.r-project.org
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Relationships of serum magnesium level with MCI

Serum magnesium level was associated with MCI. Compared 
with those with serum magnesium levels of 1.19–1.45 mmol/L 
as a reference, HD patients with serum magnesium levels of 
0.41–0.83 mmol/L (OR = 1.55, 95%CI: 1.10–2.18) showed a 
higher risk of MCI, after adjusting for age, sex, educational 
level, smoking, working status, living status, hypertension, 
diabetes, CHD, mean arterial pressure, and biomedical param-
eters. While, no significant differences were found in the 
other groups (Table 2).

Non-linear relationships of serum magnesium level with MCI

As shown in Figure 2, the multivariate-adjusted RCS curves 
displayed that the relationships of serum magnesium level 
with MCI was U-shaped (P for likelihood ratio test = 0.004). 
Low and high serum magnesium levels were both associated 
with the risk of MCI. The threshold range of serum magne-
sium related to the lowest risk in multivariable-adjusted anal-
yses was 1.12–1.24 mmol/L. As shown in Table 3, below the 
threshold, the risk of MCI was significantly decreased with 

per SD increment of magnesium level with ORs of 0.76 
(95%CI: 0.62–0.93). Inversely, above the threshold, the risk of 
MCI was significantly increased with per SD increment of 
serum magnesium level (OR = 1.21, 95%CI: 1.02–1.43).

Subgroup analyses of the risk of MCI

The stratified analyses are demonstrated Figure 3 (Detail data 
as shown in Table S1). The serum magnesium level of 
0.41-0.83 mmol/L in an increased risk of MCI were 1.50-fold 
for aged ≥ 45 years (P = 0.034), 1.70-fold for low education 
(P = 0.005), 1.68-fold for living alone (P = 0.015), 2.71-fold for 
smoking (P = 0.010), 1.75-fold for no working (P = 0.001), 
3.30-fold for no hypertension (P = 0.001), and 1.94-fold for no 
diabetes (P = 0.002).

Discussion

To the best of our knowledge, this is the first study to eval-
uate the association between serum magnesium levels and 
incident MCI among HD patients from multiple dialysis cen-
ters of southwestern China. We found that both low and 
high serum magnesium levels were significantly associated 
with an increased risk of MCI among HD patients. A U-shaped 
relationship was identified between serum magnesium and 
MCI, and the optimal serum magnesium range with the low-
est risk of MCI was 1.12–1.24 mmol/L for this population. The 
risk of MCI decreased by 24% per SD increase in serum mag-
nesium when serum magnesium was lower than 1.12 mmol/L, 
while a rise per SD increased the risk of MCI by 21% when 
the serum magnesium level exceeds 1.24 mmol/L.

In this study, the mean MMSE score was 27.5 and the 
prevalence of MCI was among 3652 HD patients. A 
meta-analysis including 42 studies of 3522 HD patients 
demonstrated that the estimated MMSE score was 27.1 [2], 
which was similar to that assessed in this study. A multi-
center study from 11 dialysis centers in Beijing found that 
37.8% of 613 Chinese HD patients had MCI [6]. A higher 
prevalence of MCI diagnosed with Montreal Cognitive 
Assessment was reported in a cross-sectional study from East 
China (51.6%) [19]. While, another study based on 616 
Chinese HD patients reported 14.4% had MCI diagnosed with 
MMSE criteria [20]. The clinical heterogeneity of prevalence 
mainly depended on the differences in population demo-
graphics, sample sizes, diagnostic criteria, and measurements 
for the assessment for cognitive impairment. Nevertheless, 

Table 2. A ssociation between serum magnesium level and MCI among HD patients.

Serum magnesium 
(mmol/L)

Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

MCI
Q1 (0.41–0.83) 1.97 (1.43–2.72) <0.001 1.79 (1.29–2.48) <0.001 1.55 (1.10–2.18) 0.012
Q2 (0.84–1.04) 1.28 (1.06–1.55) 0.010 1.19 (0.98–1.44) 0.077 1.15 (0.94–1.40) 0.176
Q3 (1.05–1.18) 1.01 (0.83–1.28) 0.941 0.98 (0.80–1.20) 0.860 0.97 (0.79–1.19) 0.753
Q4 (1.19–1.45) Reference Reference Reference
Q5 (1.46–2.78) 1.30 (0.92–1.83) 0.133 1.32 (0.93–1.87) 0.118 1.32 (0.93–1.87) 0.126

Note: P < 0.05 was considered statistically significant. Abbreviations: HD: hemodialysis; OR: odds ratio; CI: confidence interval; MCI: mild cognitive impair-
ment. Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, smoking, working, educational level, living status, 
Hypertension, diabetes, cerebrovascular disease, mean arterial pressure, waist-hip circumference ratio, serum urid acid, iPTH, and hs-CRP levels.

Figure 2.  Restricted cubic spline analysis for association of serum 
magnesium with the risk of mild cognitive impairment in hemo-
dialysis patients. Point estimates (blue solid line) and 95% confidence 
intervals (blue dashed area) were estimated by restricted cubic splines 
analysis with knots placed at the 10th, 50th, and 90th percentile. Model 
was adjusted for age, sex, smoking, working, educational level, living sta-
tus, hypertension, diabetes, cerebrovascular disease, mean arterial pressure, 
waist-hip circumference ratio, serum urid acid, iPTH, and hs-CRP levels. OR, 
odds ratio.

https://doi.org/10.1080/0886022X.2023.2231084
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the prevalence found in this study is comparable to many of 
the earlier results [3–6,19,20].

One of our major findings is that both low and high 
serum magnesium level is closely contributed to a higher risk 
of MCI in HD patients, and indicated a U-shaped association. 
This result is consistent with a previous study [15,21]. In the 
prospective population-based study, Kieboom et  al. found 
that both low serum magnesium levels (≤0.79 mmol/L) and 
high serum magnesium levels (≥0.90 mmol/L) were associ-
ated with an increased risk of dementia during a median 
follow-up of 7.8 years among 9569 participants [15]. A 
large-scale multicenter study demonstrated that low and 
high magnesium concentrations were also associated with a 
high risk of vascular-related non-Alzheimer dementia, with 
the lowest risk observed at a concentration of 0.85 mmol/L, 
but no association was observed for Alzheimer’s dementia 
[21]. However, most previous studies have reported associa-
tions between cognitive impairment and low magnesium in 
a single direction of abnormality [12–14,22]. A cross-sectional 
study based on 1000 Qatari participants demonstrated that 
serum magnesium concentration was inversely associated 
with cognitive function measured by the mean reactive time 
[12]. A large, community-based cohort study consisting of 

12040 participants found that low levels of serum magne-
sium were associated with an elevated risk of incident 
dementia, with a 24% increased risk for participants in the 
bottom compared to the top magnesium quintile during a 
24.2-year follow-up period (HR 1.24, 95%CI 1.07–1.44) [13]. Tu 
et al. found that low level of serum magnesium (≤0.82 mmol/L) 
was independently associated with the occurrence of cogni-
tive impairment at 1-month poststroke among acute isch-
emic stroke patients (OR 2.24, 95%CI 1.23–4.06) [22]. In 
addition, magnesium intake has also been proven to associ-
ate with better cognitive functioning and a decreased risk of 
developing cognitive impairment in several population-based 
cohort studies [23–24]. While, there is no still studies focused 
on the dialysis population. This study demonstrated that 
patients with lower magnesium levels had a 24% increased 
risk of incident MCI among HD patients, which is an excellent 
extension of the previous studies.

Although the disparity in the study population, in accor-
dance with our results, several previous studies have observed 
the U-shaped association between magnesium levels and 
other chronic inflammatory conditions [25–29]. A prospective 
study containing 5044 Chinese adults showed a U-shaped 
association between serum magnesium level and insulin 

Table 3.  Threshold effect analyses of serum magnesium level on MCI using two piecewise regression models.

Turnpoint

Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Magnesium <1.12 mmol/L (Per 1 
SD)

0.72 (0.59–0.87) 0.001 0.75 (0.62–0.91) 0.004 0.76 (0.62–0.93) 0.007

Magnesium >1.24 mmol/L (Per 1 
SD)

1.22 (1.03–1.45) 0.020 1.20 (1.01–1.43) 0.041 1.21 (1.02–1.43) 0.032

Note: P < 0.05 was considered statistically significant. Abbreviations: HD: hemodialysis; OR: odds ratio; CI: confidence interval; MCI: mild cognitive impair-
ment; SD: standard deviation. Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, smoking, working, educational 
level, living status, Hypertension, diabetes, cerebrovascular disease, mean arterial pressure, waist-hip circumference ratio, serum urid acid, iPTH, and 
hs-CRP levels.

Figure 3.  Subgroup analyses for serum magnesium level Predicting mild cognitive impairment in hemodialysis patients. Model was 
adjusted for age, sex, smoking, working, educational level, living status, hypertension, diabetes, cerebrovascular disease, mean arterial pressure, waist-hip 
circumference ratio, serum urid acid, iPTH, and hs-CRP levels. MCI, mild cognitive impairment; OR, odds ratio; CI: confidence interval.
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resistance, and type 2 diabetes, with low and high levels 
associated with increased risk [25]. Yue et  al. found a 
U-shaped relationship between serum magnesium and 
28-day in-hospital all-cause mortality in critically ill children 
admitted to the pediatric intensive care unit with 0.74–
0.93 mmol/L as the optimal serum magnesium range for the 
lowest risk of mortality [26]. The similar U-shaped relation-
ships between serum magnesium and mortality no matter in 
traumatic brain injury patients, kidney transplant recipients 
or coronary artery disease patients have also been proven in 
previous studies [27–29]. In this study, we found that the 
optimal serum magnesium threshold range for the lowest 
risk of MCI was 1.12–1.24 mmol/L. Thus, magnesium supple-
mentation should be especially used with caution in this spe-
cific population. To our best knowledge, this is the first time 
to evaluate the non-linear association between serum mag-
nesium and cognitive impairment among HD patients.

The underlying mechanism of the U-shaped association is 
still not clear. For the association between low magnesium 
and MCI, some potential mechanisms have been reported. 
First, neuronal magnesium plays critical roles in multiple bio-
chemical processes involved in cognitive functions, including 
cell membrane stability and integrity, N-methyl-D-aspartate 
(NMDA)-receptor response to excitatory stimuli, and 
Ca-antagonist action [8,30]. Magnesium deficiency will disturb 
these above processes, leading to cognitive impairment. 
Second, insufficient magnesium triggers oxidate stress through 
stimulating the secretion of various inflammatory mediators, 
accelerating neurodegeneration [31,32]. Additionally, hyperma-
gnesemia can cause neuromuscular toxicity, which impairs 
cognitive function [33]. High magnesium has also effects on 
cellular electrical conduction and vasodilation, leads to hypo-
tension, which could be reflected in cognitive impairment [34]. 
No matter how more studies are needed to clarify the exact 
mechanism of the U-shaped association.

The advantage of the present study lies in its relatively 
large sample size and multicenter study design. Regarding 
clinical importance, our novel findings are conducive to 
understanding the risk stratification of magnesium and 
remind us that when initiating magnesium-supplement ther-
apy in clinical practice, and attention should be paid to 
assessing the absolute risk of cognitive impairment, rather 
than starting treatment based solely on a moderate increase 
in levels of a specific magnesium marker. Anyway, there are 
still some limitations to this study. First, cognitive function 
was only measured with the MMSE score, which has rela-
tively low sensitivity for the detection of mild and early cog-
nitive impairment. In addition, MMSE can be highly influenced 
by an individual’s level of education, leading to a bias against 
people with poor educational levels. However, to our data, 
current various studies have evaluated cognitive impairment 
with MMSE score, due to its simplicity and operability. 
Second, in this cross-sectional study, although we adjusted 
many relevant confounding variables that were considered to 
influence cognitive function, residual confounders, and hid-
den comorbidities might have been not eliminated, such as 
functional status. Third, the data about daily magnesium 

consumption was not obtained and was not adjusted in 
these subsequent analyses. Finally, our study was performed 
in a representative sample of HD patients in the province of 
Southwestern China, so our results may not be easily extrap-
olated to the population in other regions.

In summary, this study demonstrated that serum magnesium 
had a U-shaped association with cognitive impairment among 
HD patients. Both low and high serum magnesium can increase 
the risk of cognitive impairment. The optimal serum magnesium 
range with the lowest risk of cognitive impairment was 1.12–
2.24 mmol/L. Proper attention should be paid to addressing the 
abnormal magnesium status of HD patients in clinical practice 
for the improvement of cognitive function. Future studies tar-
geted the association between serum magnesium and cognitive 
impairment in HD patients are essential.

Acknowledgments

The study is based on data provided by 22 dialysis centers. 
All members of the 22 dialysis centers are appreciated.

Authors’ contributions

Conceptualization, Yuqi Yang and Yan Zha; Methodology, 
Yuqi Yang, Yanjun Long; formal analysis, Yanjun Long and 
Jing Yuan; data curation, Yanjun Long; writing-original draft 
preparation, Yuqi Yang; writing-review and editing, Jing Yuan 
and Yan Zha. All authors have read and approved the version 
to be published.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The work was supported by the Guizhou provincial health 
commission project under Grant [grant number 
gzwjkj2018-1-015]; and Guizhou high-level innovative talents 
program under Grant [grant number QKHPTRC (2018)5636]. 
This work was supported by National Natural Science 
Foundation of China [grant number 82160144].

Data availability statement

The data presented in this study are available from the cor-
responding author on reasonable request.

References

	 [1]	 Pépin M, Ferreira AC, Arici M, et  al. Cognitive disorders in 
patients with chronic kidney disease: specificities of clinical 
assessment. Nephrol Dial Transplant. 2021;37(Suppl 2):1–9. 
doi: 10.1093/ndt/gfab262.

	 [2]	 O’Lone E, Connors M, Masson P, et  al. Cognition in people 
with end-stage kidney disease treated with hemodialysis: a 
systematic review and meta-analysis. Am J Kidney Dis. 
2016;67(6):925–935. doi: 10.1053/j.ajkd.2015.12.028.

https://doi.org/10.1093/ndt/gfab262
https://doi.org/10.1053/j.ajkd.2015.12.028


8 Y. YANG ET AL.

	 [3]	 Olczyk P, Kusztal M, Gołębiowski T, et  al. Cognitive im-
pairment in end stage renal disease patients undergo-
ing hemodialysis: markers and risk factors. IJERPH. 
2022;19(4):2389. doi: 10.3390/ijerph19042389.

	 [4]	 van Zwieten A, Wong G, Ruospo M, et  al. Associations 
of cognitive function and education level with all-cause 
mortality in adults on hemodialysis: findings from the 
COGNITIVE-HD study. Am J Kidney Dis. 2019;74(4):452–
462. doi: 10.1053/j.ajkd.2019.03.424.

	 [5]	 Joseph SJ, Bhandari SS, Dutta S. Cognitive impairment 
and its correlates in chronic kidney disease patients un-
dergoing haemodialysis. J Evol Med Dent Sci. 
2019;8(36):2818–2822. doi: 10.14260/jemds/2019/611.

	 [6]	 Guo Y, Tian R, Ye P, et  al. Cognitive domain impairment 
and all-cause mortality in older patients undergoing he-
modialysis. Front Endocrinol. 2022;13:828162. doi: 
10.3389/fendo.2022.828162.

	 [7]	 Griva K, Stygall J, Hankins M, et  al. Cognitive impairment 
and 7-year mortality in dialysis patients. Am J Kidney Dis. 
2010;56(4):693–703. doi: 10.1053/j.ajkd.2010.07.003.

	 [8]	 Barbagallo M, Veronese N, Dominguez LJ. Magnesium 
in aging, health and diseases. Nutrients. 2021;13(2):463. 
doi: 10.3390/nu13020463.

	 [9]	 Xiong J, He T, Wang M, et  al. Serum magnesium, mor-
tality, and cardiovascular disease in chronic kidney dis-
ease and end-stage renal disease patients: a systematic 
review and meta-analysis. J Nephrol. 2019;32(5):791–
802. doi: 10.1007/s40620-019-00601-6.

	[10]	L eenders N, Vermeulen EA, van Ballegooijen AJ, et  al. The 
association between circulating magnesium and clinically 
relevant outcomes in patients with chronic kidney disease: 
a systematic review and meta-analysis. Clin Nutr. 
2021;40(5):3133–3147. doi: 10.1016/j.clnu.2020.12.015.

	[11]	 Kirkland AE, Sarlo GL, Holton KF. The role of magnesium 
in neurological disorders. Nutrients. 2018;10(6):730. doi: 
10.3390/nu10060730.

	[12]	A l-Ghazali K, Eltayeb S, Musleh A, et  al. Serum magne-
sium and cognitive function among qatari adults. Front 
Aging Neurosci. 2020;12:101. doi: 10.3389/fnagi.2020.00101.

	[13]	A lam AB, Lutsey PL, Gottesman RF, et  al. Low serum magne-
sium is associated with incident dementia in the ARIC-NCS 
cohort. Nutrients. 2020;12(10):3074. doi: 10.3390/nu12103074.

	[14]	 Balmuș IM, Strungaru SA, Ciobica A, et  al. Preliminary 
data on the interaction between some biometals and 
oxidative stress status in mild cognitive impairment and 
Alzheimer’s disease patients. Oxid Med Cell Longev. 
2017;2017:7156928. doi: 10.1155/2017/7156928.

	[15]	 Kieboom B, Licher S, Wolters FJ, et  al. Serum magnesium  
is associated with the risk of dementia. Neurology. 
2017;89(16):1716–1722. doi: 10.1212/WNL.0000000000004517.

	[16]	 Murray AM, Pederson SL, Tupper DE, et  al. Acute varia-
tion in cognitive function in hemodialysis patients: a 
cohort study with repeated measures. Am J Kidney Dis. 
2007;50(2):270–278. doi: 10.1053/j.ajkd.2007.05.010.

	[17]	D ahbour SS, Wahbeh AM, Hamdan MZ. Mini mental sta-
tus examination (MMSE) in stable chronic renal failure 
patients on hemodialysis: the effects of hemodialysis on 
the MMSE score. A prospective study. Hemodial Int. 
2009;13(1):80–85. doi: 10.1111/j.1542-4758.2009.00343.x.

	[18]	 Harrell FE. Regression modeling strategies: with applica-
tions to linear models, logistic and ordinal regression, 
and survival analysis. Berlin: Springer. 2015.

	[19]	L u R, Xu C, Li Y, et  al. The incidence prognosis and risk 
factors of cognitive impairment in maintenance haemo-
dialysis patients. Blood Purif. 2019;47(1–3):101–108. doi: 
10.1159/000493524.

	[20]	 Zhao Y, Song P, Zhang H, et  al. Mediating effect of gait 
speed on the relationship between ankle-brachial index 
and mild cognitive impairment in hemodialysis patients. 
Semin Dial. 2023;36(2):162–169. doi: 10.1111/sdi.13089.

	[21]	T zeng NS, Chung CH, Lin FH, et  al. Magnesium oxide use 
and reduced risk of dementia: a retrospective, nationwide 
cohort study in Taiwan. Curr Med Res Opin. 2018;34(1):163–
169. doi: 10.1080/03007995.2017.1385449.

	[22]	T u X, Qiu H, Lin S, et  al. Low levels of serum magne-
sium are associated with poststroke cognitive impair-
ment in ischemic stroke patients. Neuropsychiatr Dis 
Treat. 2018;14:2947–2954. doi: 10.2147/NDT.S181948.

	[23]	L o K, Liu Q, Madsen T, et  al. Relations of magnesium in-
take to cognitive impairment and dementia among par-
ticipants in the women’s health initiative memory study: 
a prospective cohort study. BMJ Open. 2019;9(11):e030052. 
doi: 10.1136/bmjopen-2019-030052.

	[24]	T homassen JQ, Tolstrup JS, Nordestgaard BT, et  al. Plasma 
concentrations of magnesium and risk of dementia: a gen-
eral population study of 102648 individuals. Clin Chem. 
2021;67(6):899–911. doi: 10.1093/clinchem/hvab041.

	[25]	L i W, Jiao Y, Wang L, et  al. Association of serum magne-
sium with insulin resistance and type 2 diabetes among 
adults in China. Nutrients. 2022;14(9):1799. doi: 10.3390/
nu14091799.

	[26]	Y ue CY, Zhang CY, Huang ZL, et  al. A novel U-shaped 
association between serum magnesium on admission 
and 28-day in-hospital all-cause mortality in the pediat-
ric intensive care unit. Front Nutr. 2022;9:747035. doi: 
10.3389/fnut.2022.747035.

	[27]	 Wang R, He M, Xu J. Initial serum magnesium level is asso-
ciated with mortality risk in traumatic brain injury patients. 
Nutrients. 2022;14(19):4174. doi: 10.3390/nu14194174.

	[28]	 Panthofer AM, Lyu B, Astor BC, et  al. Post-kidney transplant 
serum magnesium exhibits a U-shaped association with 
subsequent mortality: an observational cohort study. 
Transpl Int. 2021;34(10):1853–1861. doi: 10.1111/tri.13932.

	[29]	L i Q, Chen Q, Zhang H, et  al. Associations of serum mag-
nesium levels and calcium-magnesium ratios with mortality 
in patients with coronary artery disease. Diabetes Metab. 
2020;46(5):384–391. doi: 10.1016/j.diabet.2019.12.003.

	[30]	 Barbagallo M, Dominguez LJ. Magnesium and aging. 
Curr Pharm Des. 2010;16(7):832–839. doi: 10.2174/ 
‑138161210790883679.

	[31]	T offa DH, Magnerou MA, Kassab A, et  al. Can magne-
sium reduce Central neurodegeneration in Alzheimer’s 
disease? Basic evidences and research needs. Neurochem 
Int. 2019;126:195–202. doi: 10.1016/j.neuint.2019.03.014.

	[32]	Y u X, Guan PP, Zhu D, et  al. Magnesium ions inhibit the 
expression of tumor necrosis factor alpha and the activity 
of gamma-secretase in a beta-amyloid protein-dependent 
mechanism in APP/PS1 transgenic mice. Front Mol Neurosci. 
2018;11:172. doi: 10.3389/fnmol.2018.00172.

	[33]	 Van Laecke S. Hypomagnesemia and hypermagnesemia. 
Acta Clin Belg. 2019;74(1):41–47. doi: 10.1080/17843286. 
2018.1516173.

	[34]	 Mossello E. Hypertension, hypotension, longevity and 
dementia. Monaldi Arch Chest Dis. 2020;90(4). doi: 
10.4081/monaldi.2020.1674.

https://doi.org/10.3390/ijerph19042389
https://doi.org/10.1053/j.ajkd.2019.03.424
https://doi.org/10.14260/jemds/2019/611
https://doi.org/10.3389/fendo.2022.828162
https://doi.org/10.1053/j.ajkd.2010.07.003
https://doi.org/10.3390/nu13020463
https://doi.org/10.1007/s40620-019-00601-6
https://doi.org/10.1016/j.clnu.2020.12.015
https://doi.org/10.3390/nu10060730
https://doi.org/10.3389/fnagi.2020.00101
https://doi.org/10.3390/nu12103074
https://doi.org/10.1155/2017/7156928
https://doi.org/10.1212/WNL.0000000000004517
https://doi.org/10.1053/j.ajkd.2007.05.010
https://doi.org/10.1111/j.1542-4758.2009.00343.x
https://doi.org/10.1159/000493524
https://doi.org/10.1111/sdi.13089
https://doi.org/10.1080/03007995.2017.1385449
https://doi.org/10.2147/NDT.S181948
https://doi.org/10.1136/bmjopen-2019-030052
https://doi.org/10.1093/clinchem/hvab041
https://doi.org/10.3390/nu14091799
https://doi.org/10.3390/nu14091799
https://doi.org/10.3389/fnut.2022.747035
https://doi.org/10.3390/nu14194174
https://doi.org/10.1111/tri.13932
https://doi.org/10.1016/j.diabet.2019.12.003
https://doi.org/10.2174/
https://doi.org/10.2174/
https://doi.org/10.1016/j.neuint.2019.03.014
https://doi.org/10.3389/fnmol.2018.00172
https://doi.org/10.1080/17843286.
https://doi.org/10.1080/17843286.
https://doi.org/10.4081/monaldi.2020.1674

	U-shaped association of serum magnesium with mild cognitive impairment among hemodialysis patients: a multicenter study
	ABSTRACT
	Introduction
	Materials and methods
	Study population and setting
	Outcome variable: cognitive function
	Exposure variable: serum magnesium
	Covariate assessment
	Statistical analyses


	Results
	Patient characteristics
	Relationships of serum magnesium level with MCI
	Non-linear relationships of serum magnesium level with MCI
	Subgroup analyses of the risk of MCI

	Discussion
	Acknowledgments
	Authors contributions
	Disclosure statement
	Funding
	Data availability statement
	References



