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Abstract

Background—Prior studies have shown the association of low serum magnesium with adverse 

health outcomes in patients undergoing hemodialysis. There is a paucity of such studies in patients 

undergoing peritoneal dialysis (PD).

Study Design—Cohort Study.

Setting & Participants—10,692 patients treated with PD January 1, 2007–December 31, 2011 

in facilities operated by a single large dialysis organization in the United States.
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Predictor—Baseline serum magnesium levels, examined as five categories (<1.8, 1.8–<2.0, 2.0–

<2.2 [reference], 2.2–<2.4, and ≥2.4 mg/dL).

Outcomes—Time to first hospitalization and time to death using competing risks regression 

models.

Results—The distribution of baseline serum magnesium levels in the cohort were < 1.8 mg/dl: 

1928 (18%); 1.8–<2.0 mg/dl: 2204 (21%); 2.0–<2.2 mg/dl: 2765 (26%); 2.2–<2.4 mg/dl: 1765 

(16%); and ≥ 2.4 mg/dl: 2030 (19%). Of the 10,692 patients, 6465 (60%) were hospitalized at least 

once and 1392 (13%) died during follow-up (median, 13; IQR, 7–23 months). Baseline serum 

magnesium <1.8 mg/dL was associated with higher risk for hospitalization and all-cause mortality 

after adjustment for demographic and clinical characteristics (adjusted HRs of 1.23 [95% CI, 

1.14–1.33] and 1.21 [95% CI, 1.03–1.42], respectively). The higher risk for hospitalization 

persisted upon adjustment for laboratory variables while that for all-cause mortality was attenuated 

to a non-significant level. The greatest risk for hospitalization was in patients with low serum 

albumin (< 3.5 g/dl; p for interaction < 0.001).

Limitations—Possibility of residual confounding by unmeasured variables cannot be excluded.

Conclusions—Lower serum magnesium levels may be associated with higher risk of 

hospitalization in incident PD patients, particularly among those with hypoalbuminemia. 

Additional studies are needed to confirm these findings and investigate whether correction of 

hypomagnesemia reduces these risks.

INDEX WORDS

Magnesium; hypomagnesemia; end-stage renal disease (ESRD); peritoneal dialysis (PD); incident 
PD patients; hospitalization; all-cause mortality

Magnesium, the fourth most abundant cation in the body, is the second most plentiful 

intracellular cation (after potassium). As much as 70% of serum magnesium is in the free, 

ionized form, which has a crucial function in maintaining internal homeostasis via actions in 

the endocrine, musculoskeletal, nervous, and cellular messenger systems (1). The reference 

range for total serum magnesium in adults is 1.7–2.4 mg/dl (0.7–1.0 mmol/L or 1.4–2.0 

mEq/L) (2, 3). In patients undergoing maintenance dialysis, magnesium homeostasis 

depends upon dietary intake, intestinal absorption, and removal by kidneys and with dialysis. 

In turn, serum magnesium levels can be influenced by significant changes in dietary intake; 

residual kidney function; dialysis dose; losses through the gastrointestinal tract, kidneys, or 

with dialysis; or re-distribution from the extracellular to intracellular space.

The relatively high prevalence of abnormal serum magnesium levels in patients with kidney 

disease has long been known but, until recently, little has been reported regarding adverse 

effects on health outcomes (3). Studies have shown a strong inverse association of serum 

magnesium levels with insulin resistance, new-onset diabetes mellitus, oxidative stress, 

endothelial dysfunction, hypertension, atherosclerosis, and systemic inflammation (4). 

Observational studies have also shown a significant association between hypomagnesemia 

and higher all-cause mortality in patients with chronic kidney disease not undergoing 
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dialysis, or in those with end-stage renal disease (ESRD) treated with maintenance 

hemodialysis (5–7).

Commercially available peritoneal dialysate contains 0.25 mmol/L magnesium, resulting in 

daily net magnesium removal, and higher ultrafiltration with hypertonic solutions further 

increases magnesium losses into the dialysate (8–10). However, to date the data on effect of 

serum magnesium levels on health outcomes of patients undergoing peritoneal dialysis (PD) 

are sparse. We performed this study to test the hypothesis that in patients with ESRD 

undergoing PD, low serum magnesium levels are associated with higher risk for 

hospitalization and all-cause mortality.

METHODS

Study Population and Data Source

The study cohort comprised patients with ESRD who initiated treatment with PD from 

January 1, 2007 through December 31, 2011 and received care in one of the facilities 

operated by DaVita Inc., a large dialysis organization in the United States. Included patients 

were aged18 years or older, underwent PD for at least 60 days, and had at least one 

measurement of serum magnesium during the first 91-day period of treatment with PD. 

Patients were followed up for up to five years through December 2011 (median follow-up, 

13 [IQR, 7–23] months). The Institutional Review Boards at the University of Washington 

and University of California Irvine approved the study and waived the requirement for 

informed consent since only de-identified data were received.

All data were obtained from electronic medical records of the dialysis facilities. Age was 

estimated by using date of birth and date of first dialysis treatment and five race/ethnicity 

categories were used for analyses (Whites, Blacks, Hispanics, Asians, and Others). The data 

on comorbid conditions were obtained from the electronic medical records of the dialysis 

organization as provided by the treating healthcare providers and included diabetes mellitus, 

hypertension, congestive heart failure, atherosclerotic heart disease, and other cardiovascular 

diseases. Blood samples were drawn in dialysis facilities and shipped to a central laboratory 

(DaVita Laboratory, Deland, FL) within 24 hours, where measurements were made using 

automated and standardized methods. All clinical and laboratory data, and doses of 

parenteral medications, were summarized for the first 91-day period of PD.

The exposure of interest was baseline serum magnesium level, defined as an average of all 

measurements in the first 91-days of PD. Patients were grouped into five magnesium 

categories (<1.8, 1.8–<2.0, 2.0–<2.2 [reference], 2.2–<2.4, and ≥2.4 mg/dL), chosen with 

recognition of a normal reference range of 1.8–2.4 mg/dL and a 0.2-mg/dL incremental 

change within this range (6).

Outcomes

The two co-primary outcomes were time to (1) first hospitalization, and (2) death from any 

cause. The data on each of these two outcomes was obtained from the electronic medical 

records of the dialysis organization. The follow-up period comprised the interval from the 

date of first PD treatment through the occurrence of one of the following events: a primary 
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outcome (death or hospitalization for the respective analyses), kidney transplantation, 

transfer to another dialysis modality or to a facility operated by another dialysis provider, or 

end of administrative follow-up. Patients were considered to have transferred to another 

dialysis modality only if they were treated with an alternative therapy for 60 continuous 

days; as such, all events (death or hospitalization) within 60 days of transfer were attributed 

to the PD.

Statistical Analyses

Data are presented as mean ± standard deviation, median with IQR, or proportions, where 

appropriate. Data on gender, race/ethnicity, geographic location, serum albumin, 

phosphorus, calcium, potassium, and bicarbonate were missing for < 1%; serum iron 

saturation, ferritin and parathyroid hormone, for 1%–5%; weekly Kt/V and residual kidney 

function, for 12%; and 4-hour dialysate–plasma creatinine ratio, for 27%. Five sets of 

imputations were done using a joint multivariable multiple imputation model to account for 

missing laboratory variables including the exposure, covariates (age, gender, race/ethnicity, 

primary medical insurance, cause of ESRD, history of prior transplantation, interval from 

initiation of dialysis to initiation of PD, diabetes, hypertension, atherosclerotic heart disease, 

congestive heart failure, other cardiovascular disease, blood hemoglobin, serum albumin, 

calcium, phosphorus, parathyroid hormone, iron saturation, ferritin, bicarbonate, 

magnesium, total weekly Kt/V, residual kidney function, and 4-hour dialysate–plasma 

creatinine ratio), four interaction terms selected a priori (serum albumin, phosphorus, and 

parathyroid hormone and residual kidney function with outcome), an indicator for the 

outcome of interest (present or not), and the Nelson-Aalen estimator.

Two separate time-to-event analyses were undertaken using competing risks regression 

models to determine the association of baseline serum magnesium level with first 

hospitalization and all-cause mortality (11). For the analysis of all-cause mortality, 

competing events were kidney transplantation and transfer to in-center hemodialysis. For 

analysis of hospitalization, competing events were all-cause mortality, kidney 

transplantation, and transfer to in-center hemodialysis. Sub-hazard ratios (HRs) were 

obtained for the outcome of interest and combined using Rubin’s rules.

Data were analyzed using the following levels of adjustment: (1) unadjusted; (2) case mix-

adjusted for demographic and clinical characteristics, including age, gender, race/ethnicity, 

primary insurance, geographic location of dialysis facility (Northeast, South, Midwest, or 

West), year of incidence, cause of ESRD, prior kidney transplantation, comorbid conditions 

(diabetes mellitus, hypertension, congestive heart failure, atherosclerotic heart disease, other 

cardiovascular diseases), and interval from initiation of dialysis to initiation of PD; (3) case-

mix plus laboratory variables that included all of the aforementioned covariates and 

hemoglobin, serum albumin, uncorrected calcium, phosphorus, intact parathyroid hormone, 

ferritin, iron saturation, bicarbonate, potassium, total weekly Kt/V, residual kidney function, 

4-hour dialysate–plasma creatinine ratio from the peritoneal equilibration test, and treatment 

with automated PD within the first 91-day period of PD.

Two different sensitivity analyses were done. First, the associations of baseline serum 

magnesium level as a continuous variable were examined with HRs expressed for risk 
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associated with every 0.2-mg/dl lower serum levels. Second, the analyses were repeated by 

imputing the value for serum magnesium in 7152 patients with missing values for the first 

91 days of initiation of PD.

Effect modification of the association of serum magnesium (< 1.8 mg/dl, compared to ≥ 1.8 

mg/dl) with time to first hospitalization and all-cause mortality was examined for four a 
priori covariates (serum albumin < and ≥ 3.5 g/dl, parathyroid hormone < and ≥ 300 pg/ml, 

phosphorus < and ≥ 5 mg/dl, and residual kidney function < and ≥ 55 L/week/1.73 m2). Sub-

group analyses were performed for covariates with p-value for the interaction term < 0.05. 

The same demographic, clinical, and laboratory covariates were used for these sub-group 

analyses as already mentioned, except the variable used to stratify the population for the 

particular analyses.

All analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC) and 

Stata, version 13.1 (StataCorp LP, College Station, TX).

RESULTS

Study Cohort Description

A total of 208,820 patients with ESRD who initiated dialysis therapy in participating 

facilities were identified. Of these, 17,844 patients received PD for at least 60 days (Figure 

1). The study cohort comprised 10,692 patients who had serum magnesium measured during 

the first 91-days of PD (Figure 1). Characteristics of patients included in the cohort 

compared with those excluded are reported in Table S1 (provided as online supplementary 

material).

Mean serum magnesium level of the cohort was 2.1 ± 0.4 (standard deviation) mg/dL 

(median, 2.1 [IQR, 1.9–2.3] mg/dL; Figure 2). Baseline clinical characteristics of these 

patients, stratified by category of baseline serum magnesium, are presented in Table 1. Of 

the cohort, 1928 (18%) had hypomagnesemia (serum magnesium < 1.8 mg/dl) and these 

patients were older and more likely to be Black and had a longer interval from initiation of 

dialysis to treatment with PD. Additionally, patients with hypomagnesemia had lower 

hemoglobin, serum albumin, creatinine, urea nitrogen, potassium, uncorrected calcium, 

phosphorus, total iron-binding capacity, and higher ferritin, parathyroid hormone, and 

alkaline phosphatase levels. Patients with lower serum magnesium levels also were more 

likely to have higher 4-hour dialysate–plasma creatinine.

Association of Serum Magnesium Level With Hospitalization

Of the 10,692 patients, 6465 (60%) were hospitalized at least once during the follow-up 

period. As shown in Table 2 and Figure 3, baseline magnesium level <1.8 mg/dL was 

associated with a significantly higher risk for hospitalization in unadjusted, case-mix 

adjusted, and case-mix and laboratory data-adjusted models (reference, magnesium 2.0–<2.2 

mg/dl). Using baseline serum magnesium as a continuous variable (per 0.2-mg/dl decrease; 

Table S2) or dividing the cohort into two groups (<1.8 vs. ≥1.8 mg/dL), similar trends were 

identified.
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There was a significant effect modification for the association of serum magnesium with 

time to first hospitalization by serum albumin and residual kidney function (p for interaction 

terms in adjusted models, <0.001 and 0.005, respectively); there was no significant effect 

modification with serum parathyroid hormone or phosphorus. The risk for hospitalization 

with lower serum magnesium levels was higher in patients with serum albumin < 3.5 g/dl or 

with residual kidney function < 55 L/week/1.73 m2 (Table S3 and Figure 4).

Association of Serum Magnesium Level With All-Cause Mortality

During follow-up, 1392 (13%) patients died (mortality rate, 93 [95% confidence interval, 

89–98] per 1000 patient-years). Individuals with serum magnesium < 1.8 mg/dl had a 

significantly higher risk for death in unadjusted models and after adjustment for differences 

in case-mix, compared to patients with magnesium levels of 2.0–< 2.2 mg/dL (Table 2 and 

Figure 5). However, the association was attenuated to a non-significant level upon further 

adjustment for laboratory variables. Using serum magnesium as a continuous variable (per 

0.2-mg/dl decrease; Table S2), or dividing the cohort into two groups (< 1.8 vs ≥ 1.8 mg/

dL), the same trends were observed.

There was significant effect modification of the association of serum magnesium with all-

cause mortality by serum albumin and parathyroid hormone levels (p for interaction term 

<0.001, and 0.007, respectively); there was no significant effect modification by residual 

kidney function, or serum phosphorus. However, none of the associations in sub-group 

analyses reached statistical significance (Table S3).

DISCUSSION

To our knowledge, this is the first report from a large nationally representative cohort of 

patients undergoing PD of the association between serum magnesium levels and 

hospitalization and all-cause mortality. We demonstrate that baseline serum magnesium <1.8 

mg/dL is associated with a significantly higher risk for hospitalization, particularly in 

individuals with serum albumin < 3.5 g/dl. The association of low serum magnesium levels 

with all-cause mortality was attenuated to a non-significant level after adjustment for 

laboratory variables.

Hospitalizations are an important contributor to patient morbidity and reflect the high burden 

of disease in patients undergoing dialysis. It also results in significant societal and financial 

burden. In the United States, there has been a gradual decline in hospitalizations for patients 

undergoing maintenance dialysis (12). In 2013, patients undergoing PD had an adjusted rate 

of hospitalization of 1.7 per patient-year as compared to 2.0 per patient-year in 2005, a 

decline of 15% (12). Identifying modifiable risk factors for hospitalizations is important to 

develop and test potentially effective interventions. To our knowledge, no study thus far has 

examined the association of serum magnesium with hospitalization in patients with kidney 

disease. Our study suggests that serum magnesium levels < 1.8 mg/dL is one such factor, as 

the association remained statistically significant despite adjustment for potential 

confounders. Hypomagnesemia may be associated with higher rate of hospitalization by 

several mechanistic pathways. First, cardiovascular disease is a common cause of 

hospitalization in PD patients, with fluid overload and metabolic abnormalities as important 
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contributors (12–14). Hypomagnesemia is a recognized risk for cardiac rhythm disturbances 

and is associated with a higher risk for cardiovascular events (3). There is also growing 

evidence supporting an association between lower serum magnesium levels and 

dyslipidemia, metabolic syndrome, endothelial dysfunction, atherosclerosis, and vascular 

calcification, all of which could potentially be mechanisms to explain the observations in our 

study (15–19). Second, infection is an ongoing threat to the successful execution of PD. 

Limited evidence suggests that low serum magnesium levels in PD patients are associated 

with poorer nutritional status, deteriorating cellular health, and increased inflammation (10, 

20). In the present study, lower serum magnesium levels were associated with lower serum 

urea nitrogen, albumin, phosphorus, and potassium, which are consistent with a higher 

prevalence of protein-energy wasting, an important risk factor for infectious complications 

in PD patients (21, 22). However, none of these mechanistic pathways were evaluated in this 

study and thus, remain speculative.

Several previous studies have shown an association between low serum magnesium levels 

and higher all-cause and cardiovascular mortality and sudden cardiac death in patients 

undergoing maintenance hemodialysis (6, 7, 23, 24). In contrast, the data for patients 

undergoing PD is substantially more limited. To our knowledge, only one previous single-

center study has examined the association of serum magnesium with all-cause mortality. It 

demonstrated a significantly higher risk for death in patients with serum magnesium < 1.6 

mg/dl despite adjustment for age, race, sex, diabetes, and dialysis vintage (25). Consistent 

with this prior study, patients with serum magnesium < 1.8 mg/dl had a significantly higher 

risk for death in models adjusted for differences in demographics and case-mix. However, 

the higher risk was attenuated to a non-significant level upon adjustment for laboratory 

variables. This finding of the association of low serum magnesium level with all-cause 

mortality attenuated to non-significant levels with adjustment for laboratory variables is 

consistent with the two recent studies from the United States of patients undergoing 

maintenance hemodialysis (6, 7). This raises the possibility that low serum magnesium may 

be in the causal pathway of the higher risk of death observed with some laboratory 

parameters and needs to be examined in future studies.

In the present study, not surprisingly, serum albumin level was an important effect modifier 

for the association of low serum magnesium with hospitalization and all-cause mortality. 

Serum albumin acts as a transport protein for numerous substances, including magnesium, 

calcium, and zinc (26). Approximately 30% of serum magnesium is bound to protein, 

primarily albumin, and thus total measured magnesium levels may be affected by 

hypoalbuminemia. Furthermore, hypoalbuminemia will decrease the Gibbs-Donnan effect 

and thus tend to increase diffusion of magnesium into dialysate (3). In our prior study of 

patients undergoing maintenance hemodialysis, the greatest risk of all-cause mortality with 

low serum magnesium levels was in patients with low serum albumin level (6). In the 

present study of patients undergoing PD, the highest risk for hospitalization with low 

magnesium levels was seen in patients with low serum albumin levels.

Strengths of our study include a large contemporary and nationally representative cohort of 

patients undergoing PD with follow-up of up to five years. However, there are several 

limitations that should be considered when interpreting our findings. First, a significant 
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proportion of patients were excluded due to lack of serum magnesium measurements. 

However, it is reassuring to note that there was no clinically meaningful difference in 

characteristics of patients included in the study to those who were excluded (Table S1). 

Furthermore, repeating the analyses after imputing the exposure in those with missing values 

yielded the same results. Second, because there was no information for specific cause of 

hospitalization or death in this cohort, we could not investigate the association between 

serum magnesium level and non-fatal or fatal cardiovascular events. Third, given the 

observational nature of the study, we cannot be certain that the associations described in this 

report are causal. Even though there was adjustment for a large number of covariates, the 

risk of residual confounding remains. Finally, the current study only provided associations 

with baseline serum magnesium levels. A study examining the trends of serum magnesium 

over time in patients undergoing hemodialysis has shown a small decline over time (Δ 

−0.011 [95% confidence interval, −0.017 to −0.009] mmol/L/year) (24). Our ability to 

examine the effect of change in magnesium levels over time to outcomes was limited by the 

number of patients with repeat measurements and should be examined in the future.

In conclusion, to our knowledge, this is the first study to examine the associations between 

serum magnesium levels and hospitalization and all-cause mortality in a large nationally 

representative cohort of patients undergoing PD. We observed that lower serum magnesium 

level is associated with a higher risk for hospitalization, particularly in patients with 

hypoalbuminemia. Future studies should confirm these findings, and focus on the 

mechanisms underlying the association of hypomagnesemia with poor outcomes and the 

potential benefit with magnesium supplementation on clinical events and survival among 

hypomagnesemic PD patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow chart summarizing how the cohort was assembled
Abbreviations: PD, peritoneal dialysis; Mg, magnesium.
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Figure 2. The distribution of average serum Mg over the first 3 months of peritoneal dialysis 
(n=10,692)
The data reflect the averaged measurements made during the first 3 months of PD treatment.
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Figure 3. Hazard ratios for hospitalization by categories of baseline serum magnesium 
(reference: serum magnesium, 2.0 – < 2.2 mg/dl)
Competing risks regression models with 3 levels of adjustments:(1) unadjusted; (2) case-mix 

adjusted for age, gender, diabetes, race/ethnicity, primary insurance, geographic location, 

year of incidence, cause of end-stage renal disease, prior kidney transplant, comorbid 

conditions (hypertension, congestive heart failure, atherosclerotic heart disease, other 

cardiovascular diseases), and interval from initiation of dialysis to initiation of peritoneal 

dialysis; and (3) case-mix and laboratory data (hemoglobin, albumin, uncorrected calcium, 

phosphorus, intact parathyroid hormone, ferritin, iron saturation, bicarbonate, potassium, 

total weekly Kt/V urea, residual kidney function, D/P creatinine, use of automated PD).
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Figure 4. Association of serum magnesium with time to first hospitalization stratified by serum 
albumin and residual kidney function among patients treated with peritoneal dialysis
The lines represent hazards ratio for hospitalization for patients with serum magnesium level 

< 1.8 mg/dl (reference: ≥ 1.8 mg/dl) in the study population stratified by serum albumin (< 

and ≥ 3.5 g/dl) and residual kidney function (< and ≥ 55 L/week/1.73 m2). Competing risks 

regression models with 3 levels of adjustments:(1) unadjusted; (2) case-mix adjusted for 

adjusted for age, gender, diabetes, race/ethnicity, primary insurance, geographic location, 

year of incidence, cause of end-stage renal disease, prior kidney transplant, comorbid 

conditions (hypertension, congestive heart failure, atherosclerotic heart disease, other 
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cardiovascular diseases), and interval from initiation of dialysis to initiation of peritoneal 

dialysis; and (3) case-mix and laboratory data adjusted for all covariates above plus 

hemoglobin, uncorrected calcium, phosphorus, intact parathyroid hormone, ferritin, iron 

saturation, bicarbonate, potassium, total weekly Kt/V urea, D/P creatinine, and use of 

automated PD. The covariate used to stratify the population was not used for additional 

adjustment – residual kidney function was an additional covariate in analyses stratified by 

serum albumin and serum albumin in analyses stratified by residual kidney function.
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Figure 5. Hazard ratios for all-cause mortality by categories of baseline serum magnesium 
(reference: serum magnesium, 2.0 – < 2.2 mg/dl)
Competing risks regression models with 3 levels of adjustments:(1) unadjusted; (2) case-mix 

adjusted for adjusted for age, gender, diabetes, race/ethnicity, primary insurance, geographic 

location, year of incidence, cause of end-stage renal disease, prior kidney transplant, 

comorbid conditions (hypertension, congestive heart failure, atherosclerotic heart disease, 

other cardiovascular diseases), and interval from initiation of dialysis to initiation of 

peritoneal dialysis; and (3) case-mix and laboratory data adjusted for all covariates above 

plus hemoglobin, albumin, uncorrected calcium, phosphorus, intact parathyroid hormone, 

ferritin, iron saturation, bicarbonate, potassium, total weekly Kt/V urea, residual kidney 

function, D/P creatinine, use of automated PD.
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