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Abstract
The aim of this study was to explore the association between serum Mg and cardiovascular mortality in the peritoneal dialysis (PD) population. This
prospective cohort study included prevalent PD patients from a single centre. The primary outcome of this study was cardiovascular mortality. Serum
Mg was assessed at baseline. A total of 402 patients (57 % male; mean age 49·3 ± 14·9 years) were included. After a median of 49·9 months
(interquartile range: 25·9–68·3) of follow-up, sixty-two patients (25·4 %) died of CVD. After adjustment for conventional confounders in multivariate
Cox regression models, being in the lower quartile for serum Mg level was independently associated with a higher risk of cardiovascular mortality,
with hazards ratios of 2·28 (95 % CI 1·04, 5·01), 1·41 (95 % CI 0·63, 3·16) and 1·62 (95 % CI 0·75, 3·51) for the lowest, second and third quartiles,
respectively. A similar trend was observed when all-cause mortality was used as the study endpoint. Further analysis showed that the relationships
between lower serum Mg and higher risk of cardiovascular and all-cause mortality were present only in the female subgroup, and not among male
patients. The test for interaction indicated that the associations between lower serum Mg and cardiovascular and all-cause mortality differed by sex
(P = 0·008 and P = 0·011, respectively). In conclusion, lower serum Mg was associated with a higher risk of cardiovascular and all-cause mortality in
the PD population, especially among female patients.
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Mg is the fourth most abundant cation in the human body. Clinical
observational studies have found that Mg deﬁciency is involved in
various pathological conditions, especially CVD. A meta-analysis
of community-based cohorts concluded that both low Mg intake
and low serum Mg levels are signiﬁcant risk factors for CVD
events(1). Low serum Mg has also been associated with vascular
calciﬁcation in patients with end-stage renal disease (ESRD)(2);
a signiﬁcant association has been found between low serum Mg
and increased cardiovascular risk in both pre-dialysis chronic
kidney disease patients and those undergoing dialysis(3–7).
Peritoneal dialysis (PD) is a well-accepted method of homebased renal replacement therapy for ESRD patients. PD removes
dissolved body wastes and extra ﬂuid from the patient’s blood via
the peritoneal cavity by using dialysate exchanges. The reported
prevalence of hypomagnesaemia is high in the PD population,
mainly because the routinely used commercial peritoneal dialysate contains a low Mg level of 0·25 mol/l(8,9). Although several
retrospective studies have shown that low serum Mg was associated with an increased risk of hospitalisation and all-cause

mortality(10,11), the relationship between serum Mg and cardiovascular mortality in PD patients has not been rigorously studied.
In addition, female patients in the general population are more
vulnerable to CVD(12,13). A prospective cohort study reported that
higher plasma Mg concentrations and dietary Mg intake were
associated with a lower risk of sudden cardiac death in
women(14). However, sex differences in the relationship between
serum Mg and cardiovascular mortality in patients receiving PD
have rarely been described. Therefore, the aim of the present
study was to explore the association between serum Mg and
cardiovascular mortality, as well as sex differences in this association, in a prospective cohort of the PD population.

Methods
Patient information
This prospective cohort study included prevalent patients from
our previous cross-sectional study(8), which was primarily
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designed to explore the prevalence and associated factors of
hypomagnesaemia at a single centre. Enrolled patients had
received PD treatment for more than 1 month and were
regularly followed up from February to June 2011. Tenckhoff
catheters were placed with sterile surgical technique in all
patients. Patients and their caregivers received standardised
training after catheterisation. A low-Mg dextrose peritoneal
dialysate (containing Mg2+ 0·25 mmol/l, Ca2+ 1·25 mmol/l or
1·77 mmol/l) was used for dialysis. This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving patients were approved
by the Ethics Committee of The First Afﬁliated Hospital, Sun
Yat-sen University. Written informed consent was obtained
from all participants at enrolment.

Demographic and biochemical data
Demographic and clinical characteristics, including age, sex,
primary renal disease, comorbidity conditions, PD duration, daily
PD exchange volume, ultraﬁltration volume and urine output, as
well as history of CVD, which included cerebrovascular disease,
IHD, congestive heart failure and peripheral vascular disease at
enrolment, were reviewed. Biochemical data, including serum
albumin, serum Mg, high-sensitivity C-reactive protein, serum lipid
proﬁle, serum Ca, serum P, serum K, intact parathyroid hormone,
serum creatinine and blood urea N, were collected at enrolment.
All biochemical data were determined with an automatic chemistry analyser (Hitachi 7180 (Boehringer Mannheim) or Abbott
Aeroset (Abbott Laboratories)). The serum Mg level was determined with the xylidyl blue method; the normal reference range in
this study was 0·70–1·10 mmol/l. Hypomagnesaemia was deﬁned
as a serum Mg level <0·7 mmol/l. Parameters for adequacy of PD,
including the total Kt/V, weekly creatinine clearance and residual
renal function, were also assessed at enrolment according to
standard methods(15,16). The normalised protein equivalent of
N appearance was calculated with the modiﬁed Bergstrom formula(17), and normalised according to ideal body weight.

Follow-up and study endpoints
All patients were followed up to the study endpoint, administrative
censoring (including renal transplantation, switch to haemodialysis,
transfer to another PD centre, loss to follow-up or withdrawal from
treatment) or the end of the study follow-up period (31 December
2016). The primary study endpoint was cardiovascular mortality.
The secondary endpoint was all-cause mortality. cardiovascular
death was deﬁned as death due to IHD, arrhythmia, cardiac sudden
death, congestive heart failure, other heart disease or cerebrovascular events(18,19). The PD team consisted of three nephrologists at our centre who reviewed the details of individual medical
records and identiﬁed the causes of death. If a death had two
or more potential causes, we generally ascribed the death to the
primary cause for hospitalisation or the initial presenting condition.

Statistical analysis
Results were expressed as frequencies and percentages for
categorical variables, means and standard deviations for

continuous variables and medians and interquartile ranges
(IQR) for skewed distributions. Baseline serum Mg was evaluated as a continuous variable; values were categorised as
hypomagnesaemia or control group, and also into quartiles:
quartile 1 (≤0·66 mmol/l), quartile 2 (0·67–0·73 mmol/l), quartile 3 (0·74–0·79 mmol/l) and quartile 4 (≥0·80 mmol/l). To
compare sex differences in hypomagnesaemia, patients were
divided into four groups (Group 1: females with hypomagnesaemia; Group 2: females without hypomagnesaemia; Group 3:
males with hypomagnesaemia; Group 4: males without hypomagnesaemia). For comparisons among these groups, χ2 tests
and one-way ANOVA tests or Kruskal–Wallis tests were used to
evaluate categorical variables and continuous variables,
respectively.
The cumulative risks for all-cause and cardiovascular mortality
were evaluated with the Kaplan–Meier method. The associations
between serum Mg and outcomes were assessed with Cox proportional hazards regression models. Multivariate models were
adjusted for conventional confounding factors and for confounders that have been identiﬁed as risk factors related to cardiovascular and all-cause mortality in dialysis patients. The
interactions between sex and serum Mg in the associations with
mortality were checked with the Cox regression model.
Competing-risks regression models were used to examine the
associations between serum Mg and cardiovascular mortality. In
these models, cardiovascular deaths were considered principal,
whereas other causes of death were considered competing events.
Calculations were performed with statistical software SPSS
(version 19.0; SPSS Inc. and IBM Inc.); the competing risk
models were performed with the cmprsk package for R statistical software. P values of <0·05 were considered signiﬁcant.

Results
Baseline clinical data
A total of 402 continuous ambulatory PD patients were enrolled
in this study. The mean age of participants was 49·3 (SD 14·9)
years, 57 % were male, and the median PD duration at enrolment was 23·3 months (IQR: 11·9–38·1). The leading cause of
ESRD was glomerulonephritis (59·7 %), followed by diabetic
nephropathy (19·4 %). At enrolment, median daily urine volume
was 500 ml/d (IQR: 100–900). The baseline serum Mg level was
0·73 (SD 0·11) mmol/l (IQR: 0·66–0·79). According to the reference range, 163 (40·5 %) patients had hypomagnesaemia.
Normality testing of the distribution of serum Mg in the overall
study population indicated non-normal distribution (P < 0·001;
Fig. 1). Stratiﬁcation of the distribution according to sex is
shown in Fig. 2.

Comparisons of clinical characteristics stratiﬁed according
to hypomagnesaemia and sex subgroups
Patients were divided into four groups according to sex and the
presence of hypomagnesaemia (Group 1: females with hypomagnesaemia; Group 2: females without hypomagnesaemia;
Group 3: males with hypomagnesaemia; Group 4: males without hypomagnesaemia). Compared with the other three groups,
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Kaplan–Meier survival analysis revealed a trend that patients
with hypomagnesaemia or in the lowest quartile of serum Mg
level had a higher risk for cardiovascular mortality than other
patients. However, this trend did not reach statistical signiﬁcance
(Fig. 3). The univariate Cox regression model showed no signiﬁcant association between serum Mg and cardiovascular or allcause mortality (Table 2). After adjustment for the conventional
confounders, the lower quartile of serum Mg level was independently associated with an increased risk of cardiovascular
mortality, with hazards ratios (HR) of 2·28 (95 % CI1·04, 5·01),
1·41 (95 % CI 0·63, 3·16) and 1·62 (95 % CI 0·75, 3·51) for the
lowest, second and third quartiles, respectively. A similar trend
was observed when all-cause mortality was considered as the
study endpoint (Table 2).

female patients with hypomagnesaemia (Group 1) had a shorter
time of PD treatment at enrolment (P < 0·001); lower daily
exchange volume (P = 0·001); lower serum Ca (P = 0·005),
albumin (P < 0·001), K (P < 0·001), phosphate (P < 0·001), urea
N (P < 0·001) and creatinine (P = 0·003); and higher total cholesterol (P < 0·001) and total Kt/V (P < 0·001; Table 1).

Serum magnesium and cardiovascular and all-cause
mortality
During a median of 49·9 months (IQR: 25·9–68·3) of follow-up,
104 (25·8 %) of the 402 patients died, 72 (17·9 %) were transferred to haemodialysis, 66 (16·4 %) received renal transplantation and 150 (37·3 %) remained on PD. Among the deaths, 62
(59·6 %) resulted from CVD, 23 (22·1 %) from infection, ﬁve
(4·8 %) from malignancy, ﬁve (4·8 %) from cachexia and nine
(8·7 %) from other causes.

Sex differences in associations between serum magnesium
and mortality
The test for interactions indicated that the associations of hypomagnesaemia with cardiovascular and all-cause mortality differed
according to sex (P = 0·008 and P = 0·011, respectively; Table 3).
We further analysed the relationships between serum Mg and
mortality according to sex. According to Kaplan–Meier survival
analysis, hypomagnesaemia was associated with a signiﬁcantly
increased risk for all-cause and cardiovascular mortality in female
patients, but not in male patients (Fig. 4). After adjustment for
confounders in the multivariate Cox models, lower serum Mg
(HR: 0·58; 95 % CI 0·43, 0·78) and hypomagnesaemia (HR: 2·89;
95 % CI 1·58, 5·28) were independently associated with a higher
risk of cardiovascular mortality only in the female subgroup. The
risk of cardiovascular mortality was more than three times higher
in quartile 1 for serum Mg than in quartile 4 (HR: 4·16; 95 % CI
1·72, 10·07). Similar results were also observed when all-cause
mortality was considered as the study endpoint (Table 3).
Considering the potential competing effects of other causes
of death on cardiovascular mortality, competing-risks regression
models were used to examine the associations between serum
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Fig. 1. Distribution of baseline serum magnesium in the study population
(Pfor normality test <0·001). Hypomagnesaemia is defined as a serum magnesium
level <0·7 mmol/l.
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Table 1. Comparisons of clinical characteristics stratified according to hypomagnesaemia and sex subgroups*
(Mean values and standard deviations; medians and interquartile ranges (IQR); percentages)
Female
Group 1 (n 62)

Male

Group 2 (n 111)

Group 3 (n 101)

Variables

Mean

SD

Mean

SD

Mean

SD

Age (years)
Duration of PD at enrolment (months)
Median
IQR
Diabetes mellitus (%)
Hypertension (%)
History of CVD (%)
History of cardiac arrthymia (%)
History of Q-T interval prolongation (%)
Daily exchange volume (litres/d)
Use of vitamin D3 (%)
Use of hypertonic dialysate (%)
BMI (kg/m2)
Ultrafiltration volume (ml/d)
Median
IQR
Urine volume (ml/d)
Median
IQR
Serum Mg (mmol/l)
Serum total Ca (mmol/l)
Serum phosphate (mmol/l)
Serum K (mmol/l)
Intact parathyroid hormone (pg/ml)
Median
IQR
Serum total protein (g/l)
Serum albumin (g/l)
Blood urea N (mmol/l)
Serum creatinine (μmol/l)
Total cholesterol (mmol/l)
Hs-CRP (mg/l)
Median
IQR
Total Kt/v
Residual renal function (ml/min per 1·73 m2)
Median
IQR
nPNA (g/kg per d)
Creatinine clearance (litres/week per 1·73 m2)
Median
IQR

52·1

15·9

52·0

14·9

47·8

14·8

Group 4 (n 128)
Mean
46·9

SD

14·0

20·3
8·2–38·8
17·7
75·8
11·3
19·4
11·3
7·7
1·2
31·7
69·5
21·4
3·1

28·6
13·8–39·7
20·7
75·7
19·8
12·6
11·7
7·6
1·1
24·3
58·5
22·2
3·1

15·2
7·0–25·4
20·8
84·2
18·8
10·9
6·9
8·1
1·3
36·1
72·2
22·4
2·6

26·6
14·3–40·0
21·9
87·5
19·5
19·5
11·7
8·2
1·3
27·2
55·6
22·8
2·9

425
200–685

550
300–800

450
200–700

600
300–900

P
0·023
<0·001

0·932
0·061
0·500
0·199
0·616
0·001
0·275
0·040
0·029
0·005

0·089
400
100–750
0·64
0·05
2·36
0·21
1·44
0·46
3·7
0·52
278
140–565
65·1
7·5
37·9
4·2
16·0
3·8
787
227
5·6
1·4

400
100–750
0·81
2·38
1·71
4·1

0·08
0·18
0·40
0·69

348
210–565
68·0
6·0
40·0
3·3
18·8
4·6
902
250
5·6
1·2

362
156–600
64·0
6·6
37·9
4·7
18·7
5·8
988
340
4·8
1·0

3·1
0·6–7·5

2·6
1·1–8·9

3·1
0·4–8·5
2·5
0·5

2·4

1·2
0·2–2·7
0·95
0·22

1·1
0·2–2·8
1·01
0·21

65·9
52·3–80·2

600
225–1000
0·63
0·05
2·29
0·17
1·47
0·43
4·0
0·71

0·7

59·8
51·3–76·4

2·1

0·7

2·0
0·5–4·6
0·93
0·20
68·5
53·9–85·0

450
100–900
0·80
2·33
1·79
4·2

0·09
0·19
0·51
0·69

420
214–818
65·8
6·3
39·0
3·9
20·7
5·7
1101
355
4·9
1·1
2·8
0·9–8·1
2·1
0·7
1·4
0·3–3·6
0·99
0·25

<0·001
0·005
<0·001
<0·001
0·024
<0·001
<0·001
<0·001
<0·001
<0·001
0·875
<0·001
0·071

0·085
0·157

60·8
50·0–80·1

PD, peritoneal dialysis; Hs-CRP, high-sensitivity C-reactive protein; nPNA, normalised protein equivalent of N appearance.
* Group 1: female with hypomagnesaemia; Group 2: female without hypomagnesaemia; Group 3: male with hypomagnesaemia; Group 4: male without hypomagnesaemia.

Mg and cardiovascular mortality. The results from both models
give the same message (online Supplementary Tables S1–S3).

Discussion
Large prospective cohort studies on the relationships between
serum Mg and cardiovascular and all-cause mortality are lacking
in the PD population. In this prospective cohort study that
included 402 PD patients followed for up to 5 years, we found that
a lower serum Mg was independently associated with a higher
risk of cardiovascular and all-cause mortality. Further analysis
revealed that the negative effects of lower Mg on mortality were
only observed in female patients.

CVD is the leading cause of death in ESRD patients(20). In
addition to the traditional factors, there are numerous other
CVD risk factors in ESRD patients, such as inﬂammation, oxidative stress, malnutrition and vascular calciﬁcation(21). Close
associations between low serum Mg and an increased risk of
CVD or cardiovascular mortality have been observed both
among pre-dialysis chronic kidney disease patients and those
undergoing haemodialysis(3,5,6). However, the relationship
between serum Mg and CVD has not been fully investigated in
the PD population. Yang et al.10 reported that lower serum Mg
levels were associated with an increased risk of hospitalisation
and all-cause mortality in a large cohort of incident PD patients
in the USA; however, cardiovascular mortality was not discussed in that study. Another retrospective cohort study of PD
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Fig. 3. Serum magnesium and mortality in peritoneal dialysis (PD) patients. Cumulative risk for all-cause mortality in the entire patients stratified by hypomagnesaemia (a)
and magnesium quartiles (b); cumulative risk for cardiovascular (CV) mortality in the entire patients stratified by hypomagnesaemia (c) and magnesium quartiles (d).
, Hypomagnesaemia group;
, control group. (b,d):
, Quartile 1;
, quartile 2;
, quartile 3;
, quartile 4.
(a,c):

Table 2. Associations between serum magnesium and mortality in the
Cox regression models*
(Hazard ratios (HR) and 95 % confidence intervals)
Model 1
Variables

HR

Cardiovascular mortality
Continuous Mg†
0·85
Hypomagnesaemia 1·35
(yes v. no)
Mg quartiles
Quartile 1
1·73
Quartile 2
1·03
Quartile 3
1·02
Quartile 4
1·00
Pfor trend
All-cause mortality
Continuous Mg†
0·85
Hypomagnesaemia 1·36
(yes v. no)
Mg quartiles
Quartile 1
1·55
Quartile 2
1·00
Quartile 3
0·85
Quartile 4
1·00
Pfor trend

95 % CI

Model 2
P

HR

95 % CI

P

0·67, 1·08 0·174 0·82 0·64, 1·06 0·131
0·82, 2·23 0·239 1·43 0·80, 2·56 0·230

0·87, 3·46 0·120 2·28 1·04, 5·01 0·041
0·48, 2·23 0·931 1·41 0·63, 3·16 0·408
0·49, 2·15 0·956 1·62 0·75, 3·51 0·218
Ref.
–
1·00
Ref.
–
0·113
–
0·045
–
0·71, 1·02 0·088 0·83 0·68, 1·01 0·058
0·93, 2·01 0·116 1·53 0·98, 2·39 0·063

0·92, 2·61 0·102 1·89 1·04, 3·42 0·037
0·56, 1·78 0·988 1·46 0·80, 2·65 0·217
0·48, 1·51 0·588 1·20 0·66, 2·18 0·561
Ref.
–
1·00
Ref.
–
0·070
–
0·030
–

Ref., referent values.
* Model 1: univariate analysis; model 2: adjusted for age, sex, hypertension, diabetes,
history of CVD, peritoneal dialysis duration at enrolment, serum phosphate and
urine volume. Mg concentrations for quartiles: quartile 1 (≤0·66 mmol/l), quartile 2
(0·67–0·73 mmol/l), quartile 3 (0·74–0·79 mmol/l) and quartile 4 (≥0·80 mmol/l).
† Per 0·1 mmol/l increase of Mg.

patients reported that serum Mg was an independent negative
predictor of all-cause and cardiovascular mortality(11); however,
that study included only thirty-six patients with hypomagnesaemia and the multivariate models did not adjust for a history
of CVD, both of which may have affected the results. In the
current prospective cohort study, we included a larger sample
size of PD patients and demonstrated that lower serum Mg may
increase the risk of cardiovascular and all-cause mortality,
providing further evidence for the close relationship.
The underlying mechanisms for the association between serum
Mg and CVD remain unclear; several potential mechanisms may
be involved. First, hypomagnesaemia has been linked with
increased comorbidity and cardiovascular risk factors(5), including
C-reactive protein, atherosclerosis, hypertension and dyslipidaemia, which are important for the development of CVD. Second,
low serum Mg in PD patients may be associated with vascular
calciﬁcation(2), which is a signiﬁcant pathophysiological cause of
CVD. In a mouse model of pseudoxanthoma elasticum, Mg
supplementation reduced carotid intima–media thickness, probably by inhibiting hydroxyapatite formation and increasing natural inhibitors of calciﬁcation(22,23). In clinical observation, close
associations have also been described between low serum Mg
and vascular calciﬁcation in haemodialysis and PD patients(2,24).
Third, Mg is recognised as a regulatory factor in endothelial
dysfunction. In an animal model, deﬁciency of dietary Mg was
found to induce endothelial dysfunction(25), whereas oral Mg
supplementation improved endothelial dysfunction in patients
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Table 3. Interaction tests of hypomagnesaemia and sex and mortality, and the sexual difference in the associations between magnesium and mortality*
(Hazard ratios (HR) and 95 % confidence intervals)
Cardiovascular mortality
Variables

HR

All-cause mortality
P

95 % CI

HR

Interaction tests for mortality in entire cohort (n 402, cardiovascular deaths = 62, all-cause deaths = 104)
Hypomagnesaemia (yes v. no)
Sex (female/male)
Pfor interaction = 0·008
Hypomagnesaemia × sex
Females (n 173)
No. of cardiovascular deaths = 30
Continuous Mg†
0·52
0·35, 0·78
0·002
Hypomagnesaemia (yes v. no)
3·66
1·62, 8·29
0·002
Mg quartiles
Quartile 1
4·56
1·49, 13·96
0·008
Quartile 2
1·51
0·44, 5·16
0·509
Quartile 3
1·27
0·38, 4·29
0·703
Quartile 4
1·00
Ref.
–
Pfor trend
0·006
–
Males (n 229)
No. of cardiovascular deaths = 32
Continuous Mg†
1·02
0·76, 1·38
0·875
Hypomagnesaemia (yes v. no)
0·73
0·34, 1·60
0·436
Mg quartiles
Quartile 1
1·41
0·48, 4·11
0·531
Quartile 2
1·23
0·41, 3·70
0·718
Quartile 3
1·97
0·71, 5·43
0·190
Quartile 4
1·00
Ref.
–
Pfor trend
0·740
–

95 % CI

Pfor

0·58
2·89
4·16
2·26
1·46
1·00

1·05
0·84

P

interaction = 0·011

No. of all-cause deaths = 51
0·43, 0·78
<0·001
1·58, 5·28
0·001
1·72, 10·07
0·90, 5·64
0·57, 3·69
Ref.
0·001
No. of all-cause deaths = 53
0·83, 1·32
0·46, 1·53

0·99
1·01
1·11
1·00

0·45, 2·19
0·44, 2·31
0·50, 2·50
Ref.
0·934

0·002
0·081
0·429
–
–
0·693
0·56
0·980
0·987
0·795
–
–

Ref., referent values.
* All the models were adjusted for age, diabetes, hypertension, history of CVD, PD duration at enrolment, serum phosphate and urine volume in the COX regression models; Mg
concentrations for quartiles: quartile 1 (≤0·66 mmol/l), quartile 2 (0·67–0·73 mmol/l), quartile 3 (0·74–0·79 mmol/l) and quartile 4 (≥0·80 mmol/l).
† Per 0·1 mmol/l increase of Mg.
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with coronary artery disease(26). In addition, higher Mg exposure
was shown to halt smooth muscle cell proliferation and stimulate
endothelial cell proliferation in vitro(27).
We found that serum Mg was not signiﬁcantly associated with
cardiovascular mortality in univariate analysis, indicating that the
effects of serum Mg on mortality might be inﬂuenced by confounders. In addition, interaction analysis indicated that sex was
the most important effect modiﬁer in the current study. In subgroup analysis, hypomagnesaemia (HR: 2·89; 95 % CI 1·58, 5·28)
was independently associated with a higher risk of cardiovascular mortality only in the female subgroup, further demonstrating the sex difference. Such sex differences in the association
between lower serum Mg and cardiovascular mortality in the
dialysis population have rarely been reported. Chiuve et al.(14)
reported that higher plasma Mg concentrations and dietary Mg
intake were associated with a lower risk of sudden cardiac death
in a prospective cohort (Nurses’ Health Study) of women without
chronic kidney disease. Interestingly, a meta-analysis that included several prospective studies also showed a protective effect of
dietary Mg intake on CVD mortality risk in women but not in
men(1). This evidence suggests that cardiac responses to Mg
deﬁciency may be different in women than in men. However,
none of these studies has described a clear underlying
mechanism of this phenomenon.
The different pathophysiological conditions of heart disease
in women and the adverse cardiac outcomes caused by serum
Mg deﬁciency may account for the sex-related differences
found in this study. Women are more vulnerable than men to
CVD(12,13); women also more often have a longer QTc interval
than men(28,29), which is associated with an increased risk of
life-threatening cardiac arrhythmias (such as torsade de pointes
and polymorphic ventricular tachycardia) and sudden cardiac
death(30,31). Severe serum Mg deﬁciency has been correlated
with torsade de pointes and certain ventricular tachycardia
events; intravenous Mg is regarded as the treatment of choice in
these cases, even if hypomagnesaemia is not present(32,33).
Moreover, the phenomenon that oral Mg shortens the prolonged QTc interval caused by medications also suggests that
Mg may be an important regulator in the electrocardio physiological process(34). As described above, the incidence of
hypomagnesaemia is high among PD patients in whom a lowMg dialysate is routinely used(9,35,36). Taking these factors
together, including women’s susceptibility to CVD, the close
association between serum Mg and life-threatening cardiac
arrhythmias, and the high prevalence of hypomagnesaemia
among PD patients, it is not surprising that female PD patients
with lower serum Mg had a higher cardiovascular mortality than
other patients.
Another explanation for the relationship between hypomagnesaemia and cardiovascular mortality may be the close
association between hypomagnesaemia and poor nutritional
status(7,8,37,38). Malnutrition is a strong risk factor for CVD and
atherosclerosis in patients with advanced chronic renal failure(39,40). Although malnutrition is rarely the direct cause of
cardiac death, it may predispose to reduced cardiac contractility
and atherosclerotic vascular disease and may contribute to cardiovascular death by aggravating pre-existing cardiovascular
disease(41). In the current study, female patients with
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hypomagnesaemia also had signiﬁcantly lower levels of serum
albumin, phosphate, urea nitrogen and creatinine than other
patients, all of which are regarded as nutritional markers of
chronic renal failure(42). Therefore, it is possible that the female
PD patients with low serum Mg had poor nutritional status,
which may have contributed to their higher risk of cardiovascular
mortality.
The strengths of this study include its large and prospective
cohort of patients receiving PD with a follow-up time of up to
5 years and complete data on clinical outcomes. However,
our study has several limitations that should be considered.
First, the patients enrolled were from a single PD centre and our
previous cross-sectional study did not include the entire
population of PD patients, inevitably introducing selection bias.
Second, we did not collect data on dietary Mg intake or Mg loss
in dialysate and urine; therefore, we cannot perform an
in-depth analysis of Mg metabolism and mortality in this
population. In addition, because the current prospective study
did not involve any intervention for low serum Mg, we cannot
say whether Mg supplementation is beneﬁcial for PD patients.
Finally, electrocardiogram data were not collected for most
deaths that occurred outside the hospital. Therefore, a direct
relationship between hypomagnesaemia and fatal cardiac
arrhythmia is difﬁcult to conﬁrm.

Conclusion
Lower serum Mg was associated with a higher risk of cardiovascular and all-cause mortality in PD patients; however, the
impact of lower serum Mg on mortality was mainly found in
female patients. The current results suggest that we should pay
close attention to serum Mg in PD patients, especially in female
patients. Regular monitoring and supplementation may be
helpful for patients with hypomagnesaemia.
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