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We previously reported that lower serum magnesium
is associated with poorer nutrition status, impaired
cellular health, and increased inflammation in peritoneal dialysis (PD) patients. The present study was
designed to investigate the prognostic value of serum
magnesium for mortality in PD patients.
From November 2000 to July 2008, the study
enrolled 62 patients, recording their demographic,
clinical, and biochemical data. Patients were followed
to September 2011. Mean age of the patients was 55
± 16 years, and in this cohort, 55% were women, 63%
were African American, and 25% had diabetes. Mean
serum magnesium was 1.597 ± 0.28 mEq/L. Maximum
follow-up was 10.8 years. During the follow-up period, 27 patients died (43.5%). Serum magnesium was
significantly higher in the patients who survived than
in those who did not (1.757 mEq/L vs. 1.515 mEq/L,
p = 0.04).
Patients were then stratified by enrollment magnesium. After 10.8 years of observation, cumulative
survival was significantly better in patients with an
enrollment serum magnesium greater than 1.6 mEq/L
than in patients with an enrollment serum magnesium
of 1.6 mEq/L or less (p = 0.04). Multivariate Cox regression analysis revealed that serum magnesium is a
significant predictor of mortality (relative risk: 0.984;
p = 0.048) after adjusting for age, race, sex, diabetes,
and months on dialysis at enrollment.
In conclusion, lower serum magnesium is a significant predictor of higher mortality in PD patients.
Factors affecting the serum magnesium concentration
in PD patients should be investigated in more detail.
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Introduction
Magnesium is the 4th most common cation in the body,
a cofactor for enzymatic reactions involved in many
functions central to cellular homeostasis. Studies have
indicated that magnesium deficiency is associated with
various clinical disorders including diabetes, hypertension, coronary artery disease, and osteoporosis (1,2).
Magnesium deficiency has been implicated in various
cardiovascular disturbances (3,4). Magnesium depletion is independently associated with elevated serum
high-sensitivity C-reactive protein, suggesting that
hypomagnesemia and low-grade inflammation are
interactive risk factors (5).
In healthy populations, serum magnesium is maintained in the normal concentration range by the kidneys,
the gastrointestinal tract, and bone. Hypomagnesemia
has been reported both in hemodialysis (HD) and
peritoneal dialysis (PD) patients (6,7), but the literature
contains few reports about the relationship between
serum magnesium and comorbidities in dialysis patients
(8–10). In HD patients, hypomagnesemia has been
reported to be associated with increased serum levels
of high-sensitivity C-reactive protein (11). We recently
reported that lower serum magnesium in PD patients is
associated with poorer nutrition status, impaired cellular
health, and increased inflammation (12). Lower serum
magnesium has been reported to be a significant predictor of mortality in HD patients (13). The relationship
between serum magnesium and mortality has never
been studied in PD patients.
Methods
The present study enrolled 62 PD patients treated at
Long Island College Hospital between November
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2000 and July 2008. Upon approval of the study
protocol by the institutional review board, informed
consent was obtained from the study patients. Patients
were followed until September 2011. On enrollment,
demographics and clinical and biochemical data for
the patients were recorded. The concentration of
magnesium in the dialysates used by this population
was 0.5 mEq/L. All serum magnesium values were
corrected for serum albumin using this formula (14):
Albumin-corrected magnesium =
magnesium + 0.005 (40 – albumin),
where magnesium is expressed in millimoles per
liter, and albumin is expressed in grams per liter.
The resulting magnesium values were converted to
milliequivalents per liter.
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greater than 1.6 mEq/L than in patients with an enrollment serum magnesium of 1.6 mEq/L or less (p =
0.04, Figure 1).
By univariate Cox regression analysis, serum
magnesium was a significant predictor of mortality
[relative risk (RR): 0.142; p = 0.009]. Independent
predictors of mortality were identified using multivariate Cox regression analysis. Adjusting for age,
sex, race, diabetes, and enrollment dialysis vintage,
serum magnesium was an independent predictor of
mortality (RR: 0.984; p = 0.048). Other significant
predictors of mortality were age (RR: 1.045; p = 0.012)
and dialysis vintage at enrollment (RR: 1.015; p = 0.002;
Table I).

Statistical analysis
Continuous variables are expressed as mean ± standard deviation. For selected comparisons between
group means, parametric (t-test) or nonparametric
tests (Mann–Whitney test) were used. Observed
survival was plotted using the Kaplan–Meier method
(15). The log-rank test was used to assess differences
between the survival curves. Independent predictors of
survival were determined by Cox regression analysis.
Calculations were performed using the SPSS software
application (version 12.0.1 for Windows: SPSS, Chicago, IL, U.S.A.).
Results
Mean age of the patients was 55 ± 16 years. In this cohort,
55% were women, 63% were African American, and
25% had diabetes. Mean dialysis vintage at enrollment
was 46 ± 44 months. At enrollment, mean serum magnesium and albumin-corrected magnesium were 1.597
± 0.28 mEq/L and 1.626 ± 0.26 mEq/L respectively.
During the study period, 27 patients died (43.5%).
Serum magnesium (1.515 mEq/L vs. 1.757 mEq/L,
p = 0.04) and albumin-corrected serum magnesium
(1.579 mEq/L vs. 1.754 mEq/L, p = 0.035) were
significantly lower in the patients who died than in
those who survived.
Patients were followed for up to a maximum of
10.8 years. After the patients were stratified by mean
enrollment serum magnesium, cumulative survival
(Kaplan–Meier) was observed to be significantly better in patients with an enrollment serum magnesium

figure 1 Observed survival (Kaplan–Meier) in peritoneal dialysis
patients by serum magnesium at enrollment.

Independent predictors of mortality in peritoneal dialysis,
by multivariate Cox regression analysis

table i

Variable

Relative risk

p Value

Age (years)
Sex (men vs. women)
Race (other vs. African American)
Diabetes (yes vs. no)
Dialysis vintage at enrollment (months)
Serum magnesium (mEq/L)

1.045
1.98
1.58
1.89
1.015
0.984

0.012
0.12
0.31
0.21
0.002
0.048
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Discussion
The present study shows that serum magnesium is
an independent predictor of all-cause mortality in PD
patients, independent of demographic and clinical
parameters. To our knowledge, the literature contains
no information about the relationship between serum
magnesium and mortality in PD patients. It is interesting
to note that, in our study, even the single measurement
of enrollment serum magnesium was an independent
predictor of mortality in PD patients. Ishimura et al. (13)
reported that lower serum magnesium concentration is a
significant predictor of mortality in HD patients.
Several mechanisms might be involved in the increased mortality risk associated with a lower level of
serum magnesium. We previously reported that lower
serum magnesium is associated with poorer nutrition
status, deteriorating cellular health, and increased
inflammation, which might contribute to an increased
risk of mortality in PD patients (12). Malnutrition and
inflammation are highly prevalent and important contributory factors to the higher mortality risk in PD patients (16,17). Lower levels of serum magnesium have
been reported to be associated with an increased risk
of cardiovascular and non-cardiovascular mortality in
HD patients (18). In such patients, hypomagnesemia
has been reported to be associated with increased
inflammation (11). It was recently reported that serum
magnesium might affect clinical outcomes by directly
modifying the bioactivity of the adipose tissue–derived
protein adiponectin (19).
Conclusions
Enrollment serum magnesium is a strong independent predictor of mortality in PD patients. Serum
magnesium concentration should routinely be
monitored. Factors that contribute to lower a serum
magnesium concentration (such as dietary intake and
dialysate concentration) should be thoroughly studied. The current dialysate magnesium concentration
is 0.5 mEq/L. To prevent magnesium depletion, a
higher concentration should be considered.
Disclosures
All authors declare that no financial conflict of interest exists.
References

1 Nielsen FH. Magnesium, inflammation, and obesity in
chronic disease. Nutr Rev 2010;68:333–40.

Magnesium and Mortality in PD
2 Limaye CS, Londhey VA, Nadkart MY, Borges NE. Hypomagnesemia in critically ill medical patients. J Assoc
Physicians India 2011;59:19–22.
3 Maier JA. Low magnesium and atherosclerosis: an
evidence-based link. Mol Aspects Med 2003;24:137–46.
4 Watanabe M, Shinohara A, Matsukawa T, et al.
Chronic magnesium deficiency decreases tolerance to
hypoxia/reoxygenation injury in mouse heart. Life Sci
2011;88:658–63.
5 Rodríguez–Morán M, Guerrero-Romero F. Serum magnesium and C-reactive protein levels. Arch Dis Child
2008;93:676–80.
6 Markell MS, Altura BT, Sarn Y, et al. Deficiency of serum
ionized magnesium in patients receiving hemodialysis or
peritoneal dialysis. ASAIO J 1993;39:M801–4.
7 Ejaz AA, McShane AP, Gandhi VC, Leehey DJ, Ing TS.
Hypomagnesemia in continuous ambulatory peritoneal
dialysis patients dialyzed with a low-magnesium peritoneal dialysis solution. Perit Dial Int 1995;15:61–64.
8 Tzanakis I, Virvidakis K, Tsomi A. Intra- and extracellular
magnesium levels and atheromatosis in haemodialysis
patients. Magnes Res 2004;17:102–8.
9 Tzanakis I, Pras A, Kounali D, et al. Mitral annular calcifications in hemodialysis patients: a possible protective role
of magnesium. Nephrol Dial Transplant 1997;12:2036–7.
10 Navarro JF, Mora C, Jiménez A, Torres A, Macía M,
García J. Relationship between serum magnesium and
parathyroid hormone levels in hemodialysis patients. Am
J Kidney Dis 1999;34:43–8.
11 Pakfetrat M, Malekmakan L, Roozbeh J, Haghpanah S.
Magnesium and its relationship to C-reactive protein among
hemodialysis patients. Magnes Res 2008;21:167–70.
12 Fein PA, Suda V, Borawsky C, et al. Relationship of
serum magnesium to body composition and inflammation in peritoneal dialysis patients. Adv Perit Dial
2010;26:112–15.
13 Ishimura E, Okuno S, Yamakawa T, Inaba M, Nishizawa
Y. Serum magnesium concentration is a significant predictor of mortality in maintenance hemodialysis patients.
Magnes Res 2007;20:237–44.
14 Kroll MH, Elin RJ. Relationships between magnesium and protein concentrations in serum. Clin Chem
1985;31:244–6.
15 Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc 1958;53:457–81.
16 Avram MM, Goldwasser P, Erroa M, Fein PA. Predictors of survival in continuous ambulatory peritoneal
dialysis patients: the importance of prealbumin and other
nutritional and metabolic markers. Am J Kidney Dis
1994;23:91−8.
17 Fein PA, Mittman N, Gadh R, et al. Malnutrition and
inflammation in peritoneal dialysis patients. Kidney Int
Suppl 2003;64:S87–91.

Fein et al.
18 Sakaguchi Y, Fujii N, Shoji T, Hayashi T, Rakugi H, Isaka
Y. Hypomagnesemia is a significant predictor of cardiovascular and non-cardiovascular mortality in patients
undergoing hemodialysis. Kidney Int 2014;85:174–81.
19 Markaki A, Kyriazis J, Stylianou K, et al. The role of serum magnesium and calcium on the association between
adiponectin levels and all-cause mortality in end-stage
renal disease patients. PLoS One 2012;7:e52350.

93
Corresponding author:
Paul A. Fein, md, Department of Medicine,
Division of Nephrology, The Brooklyn Hospital
Center, 121 DeKalb Avenue, Brooklyn, New York
11201 U.S.A.
E-mail:
pafmd@juno.com

