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Background: In recent years, the concentration of magnesium in dialysis patients has drawn an increasing
amount of attention. Both hemodialysis and peritoneal dialysis may affect magnesium metabolism, but
studies in this area are very limited. This study aimed to investigate the serum magnesium concentrations in
hemodialysis patients and examine the factors related to the serum magnesium concentration, and to explore
the effect of hemodialysis with conventional hemodialysis solution (magnesium ion concentration 0.5 mmol/
L) on blood magnesium concentration.

Methods: In this single-center, retrospective study, linear regression models were established to explore the
factors related to serum magnesium concentration in hemodialysis patients. Serum magnesium concentration
was also compared before and after hemodialysis treatment.

Results: The data of 148 hemodialysis patients were collected and analyzed. The mean value of
pre-hemodialysis total serum magnesium concentration was 1.11+0.14 mmol/L. The prevalence of
hypermagnesemia was 73.65%, and 2 patients had hypomagnesemia (1.35%). Data analysis indicated that
total platelet count, serum phosphorus level, serum creatinine, plasma albumin, and total serum cholesterol
level were significantly related to serum magnesium concentration. After hemodialysis treatment, the
serum magnesium concentration was significantly lower when conventional hemodialysis was used. After
hemodialysis, the average decrease in the serum magnesium concentration was 0.14 mmol/L.
Conclusions: Most patients who received hemodialysis had mild hypermagnesemia when routine dialysate
was supplied. Serum magnesium concentration is related to patients’ nutritional status. Hemodialysis

treatment can decrease the total serum magnesium concentration.
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Introduction muscle contraction, and cell signal transmission (1).

. . .. . nesium balance in th is regul ietar
Magnesium ions are the main intracellular cations after Magnesium balance in the body is regulated by dietary

potassium (1), and the fourth most abundant group of intake of magnesium, intestinal magnesium absorption, the
ions in the body (1) Magnesium plays a central part in filtration of magnesium by glomeruli, renal magnesium

the maintenance of normal neuroendocrine function, reabsorption, and the utilization and release of magnesium
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ions from bone (1-3). When the rate of glomerular filtration
decreases, the reduction in magnesium excretion may bring
about hypermagnesemia (1,3). Dialysis can remove excessive
magnesium (3,4).

Both hypomagnesemia and hypermagnesemia can
cause functional disorders to develop. Arrhythmia,
neuropsychiatric disorders, and respiratory depression
can all result from serious magnesium disorders (1,3).
Kanbay et al. suggested in their study that magnesium in
patients with chronic kidney disease is related to insulin
resistance, vascular endothelial dysfunction, and systemic
inflammation (5). Nevertheless, in clinical practice,
magnesium has received a relatively low amount of attention
compared with other electrolytes.

Serum magnesium concentration was reported to
be related to the prognosis of hemodialysis patients in
2014 (6). A U-shaped curve relationship between serum
magnesium concentration and mortality in hemodialysis
patients was described (6). In recent years, the concentration
of magnesium in hemodialysis patients has drawn an
increasing level of attention (3,4,6-10). However, previous
studies have been inconsistent in their findings, with a
large range reported in the magnesium concentrations of
dialysis patients in various studies (3,4,6-10). The effect of
magnesium on prognosis is still uncertain. Magnesium may
be an influencing factor in prognosis or just a bystander (11).
Although some Chinese studies have been carried out
on magnesium metabolism in peritoneal dialysis and
hemodialysis patients, these studies are still limited (12,13).
The metabolic balance of magnesium in normal people
depends on food intake, fecal and urine excretion (1-3).
Different from normal people, it is really necessary to
consider the clearance of magnesium ion by dialysis (4).
Dialysis may be an important factor for magnesium
regulation in dialysis patients. However, studies on both
hemodialysis and peritoneal dialysis and magnesium
metabolism are very limited (8,9,12,13). In previous studies,
the effect of dialysis on the concentration of magnesium ion
has not been investigated (3,5-8,10-12). In a prospective
observational cohort study, the effect of routine hemodialysis
treatment on post-dialysis plasma magnesium concentrations
in chronic hemodialysis patients was investigated (4).
However, the sample size of the previous study was small.
Only 34 patients were included in the study (4). To our
knowledge, no studies to date have investigated the effect
of hemodialysis on magnesium concentration in a Chinese
population. Bearing the possible relationship between
serum magnesium concentration and mortality in dialysis
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patients in mind, such a study is called for. The current
single-center, retrospective study set out to investigate the
serum magnesium concentrations in hemodialysis patients
and examine the factors related to the serum magnesium
concentration, as well as to explore the effect of hemodialysis
with conventional hemodialysis solution (magnesium
ion concentration 0.5 mmol/L) on blood magnesium
concentration. It is hoped that this study will improve our
understanding of the influence of conventional hemodialysis
solution on magnesium concentration in hemodialysis
patients. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-992).

Methods
Patient selection

All patients who received hemodialysis treatment in our
hospital between Nov 1, 2017, and Oct 31, 2018, were
screened for the current study. The inclusion criteria
were as follows: 1. uremic patients who had received
hemodialysis treatment for a period of more than 90 days;
and 2. pre-dialysis and post-dialysis total serum magnesium
concentrations were tested at least once during the study
period. The exclusion criteria were as follows: (I) aged <18
years old; (II) acute renal injury; (IIT) received hemodialysis
therapy for a period of less than 90 days; (IV) without total
serum magnesium concentration data.

The study was approved by the ethics committee of
Tangdu Hospital (No. TDLL-201812-27). Informed
consent was waived by the ethics committee, in consider of
the study’s retrospective nature.

Databases and variables

Outpatient and inpatient data and variables were collected
from the Electronic Medical Information System and
information system at the hemodialysis center at our
hospital. The dialyzers used in our hospital were Baxter
gambro AK96 (membrane surface area 1.4 m’, membrane
material polyamide). The dialysate was supplied via a
central dialysis concentrate supply system. The magnesium
ion concentration in the dialysate was 0.5 mmol/L. During
hemodialysis treatment, the blood flow ranged between
200-280 mL/min, and the dialysate flow was 500 mL/min.
Patient information including demographic data, primary
diseases, dialysis vintage, vascular access, hemodialysis

Ann Palliat Med 2020;9(3):1134-1143 | http://dx.doi.org/10.21037/apm-20-992


http://dx.doi.org/10.21037/apm-20-992
http://dx.doi.org/10.21037/apm-20-992

1136

treatment frequency, comorbidity, self-medication history,
and prescription was collected. Laboratory variables
included hemoglobin, total platelet count, white blood cell
count, alanine aminotransferase (ALT), plasma albumin,
alkaline phosphatase (ALP), intact parathyroid hormone
(iPTH), blood total cholesterol, triglyceride, C-reactive
protein (CRP), blood urea, serum creatinine (Scr), uric
acid (UA), and electrolytes (total serum magnesium, total
calcium, sodium, potassium, chloride, phosphorus, and
carbon dioxide binding rate). During the study period,
some patients may receive multiple magnesium ion tests.
We only selected the values of magnesium concentrations
before and after dialysis at the same hemodialysis therapy.
In cases where the post-dialysis magnesium concentrations
of a patient had been evaluated multiple times, the first test
was used.

Previous studies have shown that some drugs can cause
magnesium metabolic disorders. These drugs included
proton pump inhibitors, diuretics, laxative, calmodulin
inhibitors (CNI) cisplatin and anti-epidermal growth factor
receptor (EGFR) agents (14-18). In the current study,
patients with a history of using the above drugs up to two
weeks before the laboratory tests were included.

Sample collection and assay method

Before hemodialysis treatment, samples were collected by
nurses from the arteriovenous fistula or peripheral vein.
If vascular access was gained with a hemodialysis catheter,
the blood samples were obtained from the peripheral vein.
After hemodialysis treatment, samples were collected from
the peripheral vein. The samples were sent to the hospital
laboratory within 30 minutes. The samples were dealt with
within 2 h and centrifuged at 3,500 rpm for 5 minutes.
Electrolytes (including total serum magnesium) were
measured by toluidine blue method [BECKMAN AUS5800,
America, Reagent (original reagent)], and serum creatinine
level was measured by autoanalyzer (BECKMAN AUS5800,
America).

Definition

Based on the manufacturer’s instructions, the normal total
magnesium reference range was from 0.77 to 1.03 mmol/L.
In the current study, hypomagnesemia was defined as total
serum magnesium of <0.77 mmol/L. If the total magnesium
in plasma was >1.03 mmol/L, hypermagnesemia was
diagnosed. Hypoalbuminemia was defined as a plasma
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albumin level of <35 g/L.

Statistical analysis

The continuous variables were presented by mean =
standard deviation or median and quartile. Statistically
significant difference was represented by P value <0.05. The
differences between variables pre- and post-dialysis were
compared by paired #-test.

The relationships between variables and total serum
magnesium were examined with linear regression models.
Model-1 was unadjusted, while model-2 was adjusted
for age, gender, dialysis vintage, diabetes (19), dialysis
treatment frequency per week, and vascular access. On the
basis of model-2, model-3 was further adjusted for pre-
dialysis serum phosphorus, pre-dialysis blood urea, pre-
dialysis plasma albumin, pre-dialysis triglyceride, iPTH,
and ALP (6). For the continuous variables with non-normal
distribution, the logarithm transformation was carried out
before the regression models were established.

Results

Between Nov 1, 2017, and Oct 31, 2018, 186 patients
received hemodialysis treatment in our hospital. The
current study included 148 patients of these patients.
Patients <18 years old, patients with acute kidney injury
or dialysis vintage <90 days, and patients without blood
magnesium data were excluded (Figure I). In the study
period, 18 patients received multiple tests of the post-
dialysis magnesium concentrations. Only the first test
results were used in the current study.

Characteristics of patients (Tuble 1)

Of the 148 included patients, 96 (64.86%) were male and
52 (35.14%) were female. The patients ranged in age
from 22-84 years old, with an average age of 52 years
old. Glomerulonephritis (66 cases) was the most common
etiology of end-stage renal disease (ESRD). Diabetic
nephropathy was also a major cause of ESRD within
the cohort (30 cases in total). Other causes included, for
instance, lupus nephritis and polycystic kidney disease.
In 129 patients, the vascular access in hemodialysis was
via autogenous arteriovenous fistula. One hundred and
eight patients received hemodialysis treatment 3 times a
week, while the other 40 patients received hemodialysis
twice a week. In the two weeks prior to undergoing serum
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Table 1 (continued)

Excluded: age < 18 years
v N=1 cases

Variable Total, N=148

Excluded: AKI4

N=14 cases
Y
N=191
Excluded: hemodialysise
vintage <90 days
4 N=28 cases
N=163
Exclude missing data
N=15 cases
Y
N=148

Figure 1 Patient screening flow chart.

Table 1 Basic data of 148 patients on maintenance hemodialysis

Variable Total, N=148
Age (years) 52.29+14.58
Gender (male/female) 96/52
BMI (kg/m?) 21.56+2.16
Dialysis vintage (years) 3.27+2.06

Primary diseases

Glomerulonephritis 66
Diabetic nephropathy 30
Lupus nephritis 6
Polycystic kidney disease 4
Unknown reason 21
Other reasons 27

Vascular access type
Autogenous arteriovenous fistula 129

Single-cuff dialysis catheters 5

Frequency of hemodialysis treatment
3 times/week 108
2 times/week 40

Medication history (two weeks before test)

PPI 5
Drugs containing magnesium 0
Diuretics 1
CNI 0
Others drugs that may affect magnesium 0
concentration

Laboratory variables
White cell count (x10°) 6.18+2.23
Hemoglobin (g/L) 102.34+16.26

Platelet count (x10°%) 181.03+58.57

ALT (U/L) 12.93+6.74
Plasma albumin (g/L) 37.91+3.60
Hypoproteinemia (plasma albumin <35 g/L) 25

Alkaline phosphatase (U/L) 87.3 (69.9, 118.30)

iPTH (pg/mL) 430.65
(268.9, 768.7)

Pre-hemodialysis blood urea (mmol/L) 25.48+6.95

Post-hemodialysis blood urea (mmol/L) 8.61+3.69

Pre-hemodialysis creatinine (umol/L) 1,073.20+302.99

Post-hemodialysis creatinine (umol/L) 404.95+162.84
Pre-hemodialysis uric acid (umol/L) 455.84+86.84
Post-hemodialysis uric acid (umol/L) 133.25+45.46
Pre-hemodialysis blood glucose (mmol/L) 7.47+2.95
Post-hemodialysis blood glucose (mmol/L) 6.02+2.41
Total blood cholesterol (mmol/L) 4.12+0.99

Triglycerides (mmol/L) 1.31(0.95, 1.79)

Table 1 (continued)
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CNI, calmodulin inhibitor; ALT, alanine aminotransferase; iPTH,
intact parathyroid hormone.
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Table 2 Levels of electrolytes before and after dialysis in 148 patients on maintenance hemodialysis

Variable Pre-hemodialysis, N=148 Post-hemodialysis, N=148 P value
Mg (mmol/L) 1.11+0.14 0.97+0.10 <0.05
Mg >1.03 (mmol/L) 109 32

Mg <0.77 (mmol/L) 2 2

K (mmol/L) 4.95+0.86 3.37+0.48 <0.05
Na (mmol/L) 137.56+2.73 140.55+1.97 <0.05
Ca (mmol/L) 2.08+0.17 2.42+0.18 <0.05
P (mmol/L) 1.96+0.61 0.80+0.28 <0.05
Cl- (mmol/L) 103.84+3.45 102.64+2.43 <0.05
ECO2 (mmol/L) 19.27+2.69 23.25+2.25 <0.05

magnesium examination, five patients had taken PPI and
one patient had taken furosemide. None of the other
patients had taken any medications that may have affected
the serum magnesium concentration.

The effect of bemodialysis on serum magnesium
concentration

Levels of electrolytes before and after dialysis in 148
patients on maintenance hemodialysis were presented in
Table 2. The mean pre-hemodialysis serum magnesium
concentration was 1.11£0.14 mmol/L. Two patients had
hypomagnesemia, 109 patients had hypermagnesemia, and
the prevalence of hypermagnesemia was 73.65%. Among
the five patients who were taking PPI, the pre-dialysis
serum magnesium concentration ranged from 0.93 to
1.16 mmol/L.

After dialysis treatment, the serum magnesium
concentration was 0.97+0.10 mmol/L. The average serum
magnesium concentration had decreased by an average
of 0.14 mmol/l, which was significantly lower (P<0.001).
Serum magnesium concentration was decreased in 135
patients. A minority of patients (13 cases) had lower serum
magnesium concentration after dialysis treatment, while
32 patients had elevated serum magnesium concentration
(>1.03 mmol/L) after dialysis treatment. In the two
patients with hypomagnesemia before hemodialysis, the
concentrations of blood magnesium after dialysis were
increased ( from 0.66 to 0.70 mmol/L, from 0.73 to 0.75).
Post-dialysis serum magnesium concentration was highly
correlated with pre-dialysis serum magnesium (coef.
0.88, P<0.001). The difference between the magnesium
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concentration before and after dialysis was also highly
correlated with pre-dialysis magnesium concentration (coef.
0.89, P<0.001). The levels of electrolytes before and after
hemodialysis are shown in Table 2.

Relationship of variables with serum blood magnesium
concentration in hemodialysis patients

In the unadjusted linear regression model, age, hemoglobin,
platelet count, pre-dialysis potassium, pre-dialysis total
plasma calcium, pre-dialysis phosphorus, pre-dialysis serum
creatinine, pre-dialysis blood urea, pre-dialysis plasma
albumin, iPTH level, and total cholesterol were found to
be significantly related to pre-dialysis serum magnesium
concentration (P<0.05). However, only total platelet
count, pre-dialysis serum phosphorus, pre-dialysis serum
creatinine, serum plasma albumin, and total cholesterol
were significantly related to the concentration of pre-
hemodialysis serum magnesium (P<0.05) (Table 3).

Discussion

We conducted a single-center, retrospective study to
investigate the effect of hemodialysis on serum magnesium
concentration. Up to now, studies on effect of hemodialysis
on serum magnesium concentration are very limited. The
results showed that the average pre-dialysis concentration
of total serum magnesium was 1.11£0.14 mmol/L. While
only two patients had hypomagnesemia, the prevalence of
hypermagnesemia was 73.65%. Linear regression analysis
showed total platelet count, pre-dialysis serum phosphorus,
serum creatinine, plasma albumin, total cholesterol to be
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Table 3 Linear regression of clinical measures with plasma magnesium concentration in patients undergoing hemodialysis
Model-1 Model-2 Model-3

Variable

Coefficient P value Coefficient P value Coefficient P value
Age -0.003 (-0.004, -0.001)  <0.001 -0.003 (-0.004, —0.001) 0.001 —0.0006 (-0.002, 0.001)  0.44
Gender 0.003 (-0.05, 0.05) 0.99 0.08 (-0.04, 0.06) 0.76 -0.02 (-0.07, 0.02) 0.35
Diabetes -0.03 (-0.08, 0.03) 0.40 0.01 (-0.05, 0.07) 0.70 -0.01 (-0.007, 0.04) 0.67
Vascular access type 0.04 (-0.04, 0.11) 0.36 0.02 (-0.07, 0.03) 0.36 -0.004 (-0.07, 0.06) 0.91
Frequency of hemodialysis -0.04 (-0.09, 0.02) 0.17 0.03 (-0.04,0.11) 0.37 -0.03 (-0.01, 0.02) 0.20
treatment
Dialysis vintage 0.002 (-0.009, 0.01) 0.68 0.02 (-0.009, 0.01) 0.69 -0.003 (-0.08, 0.02) 0.59
C-reactive protein -0.006 (-0.03, 0.02) 0.58  -0.006 (-0.03, 0.02) 0.60 0.002 (-0.002, 0.02) 0.86
Hemoglobin 0.002 (0.0009, 0.004) 0.001 0.002 (0.0008, 0.004) 0.003  0.001 (-0.0005, 0.002) 0.20
Platelet count 0.0004 (- 0.00005, 0.0008) 0.08  0.0004 (0.0002, 0.0008) 0.04 0.0007 (0.0003, 0.001) <0.001
Pre-dialysis calcium 0.19 (0.05, 0.33) 0.009 0.15(0.01, 0.30) 0.03 0.08 (-0.07, 0.23) 0.30
Pre-dialysis phosphorus 0.10(0.07, 0.14) <0.001 -0.002 (-0.003, —0.0004)  0.01 0.04 (0.008, 0.08) 0.04
Pre-dialysis potassium 0.05 (0.02, 0.07) 0.001 -0.002 (-0.004, -0.0009)  0.002 0.02 (-0.007, 0.05) 0.14
Pre-dialysis blood urea 0.009 (0.006, 0.01) <0.001 -0.0002 (-0.0003, -0.011) 0.036  0.004 (-0.002, 0.008)  0.06
Pre-dialysis serum creatinine  0.0003 (0.0001, 0.0003)  <0.001  0.0002 (-0.0002, 0.0003) <0.001 0.0002 (0.0001, 0.0002) 0.001
Pre-dialysis albumin 0.018 (0.01, 0.02) <0.001 -0.0002 (-0.003, —0.0001)  0.04 0.01 (0.008, 0.02) <0.001
Total blood cholesterol 0.03 (0.006, 0.05) 0.016 -0.003 (-0.004, -0.0009)  0.003 0.03 (0.006, 0.05) 0.02
Triglycerides 0.03 (-0.02, 0.08) 0.30 0.03 (-0.02, 0.08) 0.20 0.03 (-0.01, 0.08) 0.19
Intact parathyroid hormone 0.03 (0.007, 0.06) 0.012 0.02 (-0.002, 0.05) 0.07 0.002 (-0.002, 0.03) 0.85
Alkaline phosphatase -0.008 (-0.05, 0.04) 0.70 -0.02 (-0.06, 0.03) 0.49 -0.0009 (-0.05, 0.03) 0.66

Model-1: unadjusted; Model-2: adjusted for age, gender, dialysis vintage, DM, frequency of hemodialysis treatment, vascular access type;

Model-3: adjusted for above+ pre-dialysis serum phosphorus, pre-dialysis blood urea, pre-dialysis plasma albumin, triglyceride.

significantly related to serum magnesium concentration.
The above findings suggested that a relationship may exist
between serum magnesium concentration and dietary and
nutritional status. Comparing the differences in pre-dialysis
and post-dialysis magnesium concentration, it was indicated
that conventional hemodialysate (dialysate magnesium ion
concentration 0.5 mmol/L) can remove blood magnesium
ions. The average decrease in serum magnesium
concentration after dialysis treatment was 0.14 mmol/L.

In healthy individuals, the magnesium is regulated
through glomerular filtration and renal tubular reabsorption
in the kidneys (1,2). Renal failure can affect the metabolism
of magnesium ion. As renal failure develops, it can cause
magnesium metabolism disorders (1-3). In recent years,
more attention has been paid to the magnesium metabolism
of hemodialysis patients (6-10,12,20). Several studies
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have reported that serum magnesium concentration is
related to mortality and CV events in hemodialysis and
peritoneal dialysis patients (6-9,12,20). Cunningham
et al. summarized the studies of the serum magnesium
concentration on dialysis patients before 2012 and found
that the mean value of serum magnesium concentration in
patients who underwent hemodialysis or peritoneal dialysis
was 0.78-1.40 and 0.55-1.27 mmol/L, retrospectively (3).
However, the studies summarized by Cunningham er /. (3)
were based on small samples. Furthermore, only 47 of the
patients in Cunningham’s summary received treatment
with dialysate containing 0.5 mmol/L magnesium ion,
with an average serum magnesium concentration of
1.01 mmol/L, whereas the concentration of magnesium
ion in dialysate is 0-0.75 mmol/L (3). Since 2014,
epidemiological investigations, including large-sample
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studies in Japan and the United States (6,7), have reported
the blood magnesium concentration in hemodialysis
patients. In the Japanese study, the average blood magnesium
concentration of 142,555 hemodialysis patients was
1.09 mmol/L (6). In the U.S. investigation, 21,534 patients
with maintenance hemodialysis had an average blood
magnesium concentration of 0.92+0.16 mmol/L (7). In the
study based on a Chinese population, Wu et a/. reported
the serum magnesium concentration of 169 patients with
maintenance hemodialysis and the average pre-dialysis
serum magnesium concentration was 1.00+0.18 mmol/L (8).
In another study, the mean serum magnesium concentration
of 115 Chinese patients who received peritoneal dialysis was
0.95 mmol/L (9).

Compared with previous studies (8,9), the hemodialysis
patients in the current study had a slightly higher
concentration of serum magnesium, with an average value
of 1.12 mmol/L. We also reported a higher prevalence of
hypermagnesemia. The potential causes are as follows:
the average age of the patients in our cohort was 50 years,
which is younger than that of the patients in the previous
studies. The analysis of unadjusted linear regression model
revealed age to be significantly related to serum magnesium
concentration. Previous studies (21), like the current study,
have suggested that the blood magnesium concentration is
related to patients’ nutritional status. Younger patients may
have better dietary intake and nutritional status, so serum
blood magnesium concentration is therefore slightly higher.
Some drugs may induce a decrease in serum magnesium
concentration (14-18). Previous studies have reported
that a higher rate of PPI use may be related to the lower
magnesium concentration in hemodialysis patients (4,22).
In the current study, in the two weeks prior to the test, only
five patients took PPI. Avoiding long-term PPI use may
reduce the prevalence of hypomagnesemia in hemodialysis
patients. In this study, 40 patients received hemodialysis
twice a week. In the current study, we observed that
the serum magnesium concentration decreased after
hemodialysis. In these patients, relatively high blood
magnesium concentration could possibly be attributed
to the reduction in dialysis clearance of magnesium ions.
The linear regression model did not indicate that dialysis
frequency was related to blood magnesium concentration.
However, in the current study, the blood magnesium
concentration of the patients who received dialysis twice a
week was higher than that of the patients who were dialyzed
three times a week

Previous studies have suggested that pre-dialysis
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magnesium concentration is related to the outcomes of
dialysis patients (6,7,12,20,23). The aforementioned large-
scale Japanese study suggested a U-shaped association
between magnesium concentration and mortality in
hemodialysis patients (6). However, the large-scale
American study showed that the mortality of dialysis
patients increased when serum magnesium concentration
was low, and a U-shaped curve was not present (7). The
above studies support the idea that hemodialysis patients
may need a slightly higher level of blood magnesium
concentration than healthy individuals. However, not all
studies have supported the correlation between magnesium
concentration and mortality. Other studies have suggested
that the association between magnesium concentration
and mortality is dependent on the level of plasma albumin
(24,25). It may be suggested that hypomagnesemia is only
one of the signs of malnutrition, rather than a cause of
increased mortality. The results of the current study showed
that hemoglobin, platelet count, potassium level before
dialysis, blood phosphorus, serum creatinine, urea, plasma
albumin, and total cholesterol were significantly related to
the serum magnesium concentration. These results suggest
that blood magnesium concentration is related to dietary
intake and nutritional status, and it is therefore possible that
a relatively low serum magnesium concentration acts only
as a bystander.

Serum calcium level, calcitriol, and FGF-23 play
an important role in the regulation of PTH synthesis
and secretion (26). The calcium-sensing receptor
of the parathyroid gland is regulated by the level of
plasma calcium ions (26), and it can also be affected by
magnesium ions. Although the specific mechanism of
magnesium ion-regulated PTH secretion has not been
completely eliminated, it may inhibit PTH regardless of
hypermagnesemia or severe hypomagnesemia (27,28).
Previous studies on the relationship between the level of
serum magnesium and PTH in dialysis patients produced
inconsistent results. Although several studies have shown
that low magnesium in hemodialysis patients is associated
with increased PTH, other studies do not support this
result (3). In this study, no correlation was identified
between magnesium concentration and PTH. At present,
there is a lack of well-designed research to clarify the
relationship between magnesium ions and PTH (3).

In hemodialysis treatment, magnesium ions, as small
molecules, can be easily removed by diffusion and
convection through the dialysis membrane (1,3,4). Total
magnesium in plasma includes magnesium ion, protein-
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bound magnesium, and other complexes (1,3,4). The
movement of magnesium ions on both sides of the dialysis
membrane is affected by the ratio of magnesium ions to
total magnesium in the plasma, the concentration gradient
of magnesium ions in dialysate and blood, and dialysis
ultrafiltration (3,4). In addition, the Gibbs-Donnan effect
caused by negatively charged proteins in plasma cannot be
ignored (3). In studies in which 0-0.25 mmol/L magnesium
ion concentration was used, the plasma magnesium
concentration of patients decreased significantly (29-31).
At present, dialysate with 0.5 mmol/L magnesium ion
concentration is widely used in hemodialysis. Leenders
et al. (4) used dialysate with 0.5 mmol/L magnesium
ion concentration to measure the blood magnesium of
34 hemodialysis patients before and after hemodialysis.
The results showed that the average decrease of serum
magnesium concentration after hemodialysis was
0.1 mmol/L. The results of this study also indicated that the
plasma magnesium concentration decreased by an average
of 0.14mmol/L after the treatment with 0.5 mmol/L
dialysate. In Leenders er al.’s study, the mean blood
magnesium concentration of the 34 patients was relatively
low (0.88 mmol/L). Among the 34 patients, 25 patients
took PPI orally, 18 patients took diuretics, and 1 patient
took CNIs (4). The above drugs may be one of the reasons
for the relatively low blood magnesium concentration in
this group. The statistical analysis of this previous study
showed that gender, age, plasma albumin, hemoglobin,
plasma bicarbonate concentration, body weight, vascular
access type, blood flow, and hemodialysis filtration were
not significantly related to the blood magnesium of dialysis
patients before and after dialysis, and only ultrafiltration
volume was related to the blood magnesium level after
dialysis (4). Compared with the study of Leenders ez 4/., our
study holds the advantage of having a relatively large sample
size, having analyzed data from 148 hemodialysis patients.
However, Leenders’ study involved repeated observation
and compared blood magnesium concentration pre- and
post-dialysis.

This study has some limitations that must be addressed.
First, the study’s single-center, retrospective nature made
bias inevitable. Second, the study could not include all
confounding factors, such as diet, residual renal function,
and ultrafiltration, for example. Third, we only measured
the total plasma magnesium concentration, and did not
measure the magnesium ion concentration. During dialysis,
only magnesium ions can be diffused. Although there
is a significant relationship between the concentration
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of magnesium ions in hemodialysis patients and plasma
magnesium, a patient’s magnesium ion concentration
changes over time (32,33). The detection of magnesium
ion concentration is able to reflect the low magnesium or
hypermagnesemia that can not be reflected by measuring
blood total magnesium concentration alone (32,33). It is
therefore better to determine the total magnesium and
magnesium ion concentration in plasma. Finally, we have
to admit that we cannot include all potential factors in the
current study.

Conclusions

The results of this study show that most hemodialysis
patients have mild hypermagnesemia when they are treated
with 0.5 mmol/L magnesium ion conventional dialysate. A
patient’s blood magnesium concentration is related to their
nutritional status. In most cases, after hemodialysis, some
magnesium ions can be removed from the body, resulting in
a decrease in blood magnesium concentration.
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