UC Irvine
ICTS Publications

Title
Hypomagnesemia and Mortality in Incident HemodialysisA Patients

Permalink
https://escholarship.org/uc/item/49952110

Journal
American Journal of Kidney Diseases, 66(6)

ISSN
02726386

Authors

Li, Lin

Streja, Elani
Rhee, Connie M

Publication Date
2015-12-01

DOI
10.1053/j.ajkd.2015.05.024

Copyright Information

This work is made available under the terms of a Creative Commons Attribution License,
availalbe at https://creativecommons.orag/licenses/by/4.0/

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/49q52110
https://escholarship.org/uc/item/49q52110#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.

Published in final edited form as:
Am J Kidney Dis. 2015 December ; 66(6): 1047-1055. doi:10.1053/j.ajkd.2015.05.024.

Hypomagnesemia and Mortality in Incident Hemodialysis
Patients

Lin Li, MD, MScl, Elani Streja, MPH, PhD1, Connie M. Rhee, MD, MSc?, Rajnish Mehrotra,
MD2, Melissa Soohoo, MPH?, Steven M. Brunelli, MD, MSCE#, Csaba P. Kovesdy, MD3, and
Kamyar Kalantar-Zadeh, MD, MPH, PhD?

IHarold Simmons Center for Kidney Disease Research and Epidemiology, University of California
Irvine, School of Medicine, Orange, CA

2Kidney Research Institute, Division of Nephrology, University of Washington, Seattle, WA
3Division of Nephrology, Memphis Veterans Affairs Medical Center, Memphis, TN

4DaVita Clinical Research, Minneapolis, MN

Abstract

Background—In the general population, low serum magnesium (Mg) levels are associated with
poor outcomes and death. While limited data suggest that low baseline Mg levels may be
associated with higher mortality in hemodialysis (HD) patients, the impact of changes in Mg over
time is unknown.

Study Design—We examined the association of time-varying serum Mg levels with all-cause
mortality using multivariable time-dependent survival models adjusted for clinical characteristics
and other time-varying laboratory measures.

Setting & Participants—9,359 maintenance HD patients treated in a large dialysis organization
between 2007 and 2011.

Predictor—Time-varying serum Mg levels across 5 Mg increments (<1.8, 1.8-<2.0, 2.0-<2.2,
2.2-<2.4, 22.4 mg/dl).

Outcomes—All-Cause Mortality
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Results—2,636 individuals died over 5 years. Time-varying serum Mg <2.0 mg/dl was
associated with higher mortality after adjustment for demographics and co-morbidities including
hypertension, diabetes, and malignancies (reference: Mg 2.2-<2.4 mg/dL): adjusted HRs for
serum Mg <1.8 and 1.8-<2.0 mg/dl were 1.39 (95% ClI, 1.23-1.58; p<0.001) and 1.20 (95% ClI,
1.06-1.36; p=0.004), respectively. Some associations were attenuated to the null after incremental
adjustment for laboratory tests, particularly serum albumin. However among patients with serum
albumin measurements, low albumin levels (<3.5 g/dl) and Mg <2.0 mg/dl was associated with an
additional death risk (adjusted HR, 1.17; 95% ClI, 1.05-1.31; p=0.004), while patients with high
serum albumin levels (=3.5 g/dl) exhibited low death risk (adjusted HRs of 0.53 and 0.53
[p<0.001] for Mg <2.0 mg/dl and =2.0 mg/dlI, respectively; reference: albumin <3.5 g/dl and Mg
=>2.0 mg/dl).

Limitations—Causality cannot be determined, and residual confounding cannot be excluded
given the observational study design.

Conclusions—Lower serum Mg levels are associated with higher mortality in HD patients
including in those with hypoalbuminemia. Interventional studies are warranted to examine
whether correction of hypomagnesemia ameliorates adverse outcomes in this population.

Keywords

Magnesium; hypomagnesemia; time-varying serum magnesium; dialysis; serum albumin; death
risk; all-cause mortality; cohort; end-stage renal disease (ESRD); incident hemodialysis patients

Magnesium (Mg) is the second most abundant intracellular cation in the body, and it is
essential for the regulation of various enzymatic and cellular functions. Mg homeostasis is
tightly regulated in the body, and in patients with preserved kidney function, normal Mg
levels are maintained by renal reabsorption and excretion 12, In contrast, in dialysis patients,
serum Mg levels are largely dependent upon dietary intake and dialysate Mg concentrations.

In the general population, low serum Mg levels have been associated with higher risk of
type 2 diabetes mellitus 34, hypertension >/, cardiac arrhythmia® cardiovascular disease
(CVD), and mortality®-13. Recent data show that hypomagnesemia may be a risk factor for
the development of chronic kidney disease (CKD), including end-stage renal disease
(ESRD) 14-17_In ESRD patients receiving hemodialysis (HD), limited data suggest that
hypomagnesemia is associated with increased all-cause and cardiovascular mortality 1819,
However, these studies were limited by short follow-up time and failure to account for
changes in Mg levels over time. Moreover, these studies were conducted outside the United
States and thus may not be generalizable to the US dialysis population, given the varying
dialysate Mg concentrations used in different countries. Therefore, we conducted what is to
our knowledge the first observational study investigating the association between serum Mg
and all-cause mortality among a large US cohort of maintenance HD (MHD) patients. We
hypothesized that lower serum Mg levels are associated with higher death risk.

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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Methods
Study Cohort

This was a retrospective study of ESRD patients who were initiated on MHD treatment in
one of the outpatient dialysis facilities of a large US dialysis organization, and were
followed up over a period of 5 years (January 2007-December 2011)20, Patients were
included provided that they were age 18 years or older, underwent in-center HD for at least
60 days, and had serum Mg levels measured at least once during the first 91-day period. The
study was approved by the University of California Irvine and DaVita Clinical Research.

Demographic and Clinical Measures

Age was estimated by using date of birth and the date of study entry (date of dialysis
initiation). Body mass index (BMI) was calculated at the baseline from post-HD dry body
weight in kilograms divided by height in meters squared. Race and ethnicity determinations
were based on self-selection and include the following: Caucasian, African-American,
Hispanic, Asian, and Other. The following 9 comorbidities (ascertained from ICD-9 codes)
were considered: diabetes mellitus, hypertension, atherosclerotic disease, congestive heart
failure, cerebrovascular disease, dyslipidemia, chronic obstructive pulmonary disease, liver
disease, and malignancy.

Magnesium and Other Laboratory Values

Blood samples were drawn using standardized techniques in all dialysis clinics and were
transported within 24 hours to a single laboratory center (DaVita Laboratory, Deland, FL),
where the laboratory values were measured by automated and standardized methods. All
blood samples were collected pre-dialysis except the post-dialysis serum urea nitrogen for
calculation of urea kinetics. Most laboratory values were measured monthly, including
serum potassium, bicarbonate, blood urea nitrogen (BUN), calcium, phosphorus, aloumin,
alkaline phosphatase (ALP), normalized protein catabolic rate (nPCR) and white blood cell
count (WBC). Serum intact parathyroid hormone (iPTH) and ferritin were measured at least
quarterly. Hemoglobin was measured weekly to bi-weekly in most patients. Delivered
dialysis dose was estimated by single-pool Kt/V (spKt/V) using the urea kinetic model.

All patients included in the study had serum Mg measurements within the first 91 days of
study entry (baseline quarter). The subsequent serum Mg level was checked frequently but
not routinely. To minimize measurement variability, all repeated measures for each 91-day
interval from date of dialysis initiation were averaged, and used in all models. For iPTH,
ALP, and ferritin, the distributions were skewed, thus they were logarithmically transformed
in the adjusted models. The exposure of interest was time-varying serum Mg. Serum Mg per
each patient quarter (91 day interval) was divided into 5 groups (<1.8, 1.8-<2.0, 2.0-<2.2,
2.2-<2.4, and 22.4 mg/dl). Serum Mg category cutoffs were chosen according to a normal
reference range of 1.8-2.4 mg/dl, and a 0.2 mg/dl incremental change within this reference
range. Time-varying serum Mg measurements would account for changes in the exposure of
over time, and allow for estimation of short term exposure-mortality associations.

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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Outcome Ascertainment

The study outcome of interest was all-cause mortality from initiation of HD, and, again,
patients were followed up over a 5-year follow-up period (January 2007-December 2011).
Patients were censored for loss to follow-up, discontinuation of dialysis, kidney
transplantation, or transfer to a non-affiliated dialysis clinic.

Statistical Methods

Patients” baseline demographics, clinical characteristics, and laboratory values across serum
Mg categories were summarized as proportions, means + standard deviation, or medians
(interquartile ranges [IQRs]) as dictated by data type, and were compared using analysis of
variance for parametric variables (or Kruskal-Wallis test for non-parametric variables) or
chi-square test. Correlations between baseline continuous Mg levels and other covariates
were examined by Pearson correlation.

The association between 5 levels of time-varying serum Mg and mortality risk was
determined using time-dependent Cox proportional hazards regression models, which
included repeated and time-updated measures of covariates that were averaged over each 91
day interval from patients’ date of dialysis initiation. Time-varying models allow for the
change in exposure and covariates and their association with the outcome over time in order
to ascertain short term exposure-mortality associations?L. Time varying serum Mg-mortality
associations were examined with unadjusted models, and with two levels of multivariable
adjustment: (1) Case-mix models, which adjusted for baseline characteristics: age, sex, race/
ethnicity (Caucasian, African American, Hispanic, Asian, or other), comorbidities including
diabetes mellitus, hypertension and history of cancer, and dialysis dose as indicated by
spKt/V ; and (2) case-mix plus malnutrition-inflammation-cachexia syndrome (MICS)
models, which included all the covariates in the case-mix model, plus baseline BMI and 11
time-updated laboratory variables that bear associations with clinical outcomes in HD
patients: serum albumin, potassium, ALP, pre-dialysis BUN, nPCR, albumin-adjusted
calcium, phosphorous, iPTH, hemoglobin, WBC, and ferritin. For sensitivity analyses, the
association between time-varying serum Mg as a continuous variable and mortality was
examined using non-parametric restricted cubic splines with best estimated knots defined at
the 25t 50t and 75t percentiles of observed values (1.8, 2.05, and 2.3 mg/dl).

We also conducted Mg-mortality association analyses across a priori defined subgroups to
investigate potential effect modification by socio-demographics, comorbid conditions, and
laboratory levels. In addition, we examined the relationship between serum Mg and albumin
over time using linear mixed regression models with unstructured variance to account for
intra-subject correlations in repeated measurements. Associations of combined time-varying
Mg and albumin levels and mortality were then examined, where patients were divided into
4 (2 x 2) groups according to their time-updated serum Mg (<2.0 vs. 2.0 mg/dl) and
albumin levels (<3.5 vs. 3.5 g/dl).

For patients with data on serum Mg at baseline but missing for subsequent follow-up
periods, the last available Mg level was assumed unchanged until the next measurement or
occurrence of the event (death or censor). Missing quarterly laboratory values (< 0.5% for

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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all the tests except nPCR, where 3.8% were missing) were otherwise imputed by population
means or medians of the existing values in the same patient quarter in the multivariable
models. All analyses were implemented using SAS version 9.3 (SAS Institute Inc) and Stata
version 10.1 (Stata Corp LP).

Study Cohort Description

A total of 208,820 ESRD patients who initiated dialysis during January 2007-December
2011 within one of the outpatient facilities of a large dialysis organization were identified.
After excluding patients who received treatment for < 60 days or those who underwent a
dialysis modality other than thrice-weekly in-center hemodialysis at study entry, there were
112,017 remaining patients (Figure 1). Among these patients, 9,359 patients who had serum
Mg levels measured during the first 91-day period following initiation of dialysis formed the
final study cohort (Figure 1). The mean serum Mg of the cohort was 2.1 + 0.4 (standard
deviation) mg/dl; and median concentration was 2.1 [IQR, 1.8-2.3] mg/dl). The baseline
clinical characteristics of these patients stratified according to five baseline serum Mg
categories are presented in Table 1. Patients with lower serum Mg levels tended to be older
and Caucasian; were more likely to have had prior malignancy but less likely to have had
diabetes; had lower hemoglobin, serum albumin, nPCR, BUN, potassium, adjusted calcium,
and phosphorus levels; and had higher ferritin and ALP levels. Serum Mg level positively
correlated with nutritional markers including albumin, BUN, and nPCR (Pearson’s
correlation coefficient of 0.21, 0.27 and 0.21, respectively; p<0.001 for all). However, the
correlations of serum Mg with dialysis dose (i.e. spKt/V) and iPTH were weak and
nonsignificant (Pearson’s correlation coefficients of —0.01 [p=0.2] and 0.01 [p=0.4],
respectively).

Serum Magnesium Levels and All-Cause Mortality

During the follow-up period, a total of 2,636 deaths occurred over a mean follow-up period
of 19 + 15 (range, 2.0-59.9) months. To account for changes in serum Mg levels over time
and examine short term serum Mg-mortality associations, serum Mg and all-cause mortality
associations were examined using time-varying Cox survival models as shown in Figure 2.
In unadjusted time-varying models, with the reference group as Mg 2.2—<2.4 mg/dl, serum
Mg levels below 2.0 mg/dl were significantly associated with increased risk for death: HRs
of 1.63 (95% Cl, 1.44-1.85; p<0.001) and 1.30 (95% CI, 1.15-1.47; p<0.001), for Mg levels
of <1.8 and 1.8—-<2.0 mg/dlI, respectively. These associations were somewhat attenuated
after case-mix adjustment but remained statistically significant: adjusted HRs were 1.39
(95% Cl, 1.23-1.58; p<0.001) and 1.20 (95% Cl, 1.06-1.36; p=0.004) for Mg <1.8 and 1.8—
<2.2 mg/dl, respectively. However, these associations were further attenuated to the null
after additional adjustment for case-mix and MICS covariates, particularly serum albumin.

Within these case-mix- and MICS-adjusted models examining the association of serum Mg
and mortality risk, higher serum albumin level had a strong association with improved
survival; for every 1-g/dl increase in time-varying serum albumin level, there was a 62%
decreased risk of mortality (adjusted HR, 0.38; 95% CI, 0.35-0.42; p<0.001). In associations

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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examining time-varying continuous levels of serum Mg with all-cause mortality using non-
parametric restricted cubic splines, we observed that both lower and higher serum Mg levels
exhibited a trend towards increased mortality risk, although high Mg levels > 3 mg/dl were
not statistically significant due to a small sample size (Figure S1, available as online
supplementary material).

In case-mix adjusted subgroup analyses (Table S1 and Figure S2), we observed a consistent
association between lower serum Mg level and higher mortality across most subgroups,
except in patients with high serum albumin levels.

Relationship Between Serum Magnesium and Albumin

Baseline serum Mg and albumin levels were positively correlated in unadjusted Pearson
correlation analysis. In addition, for every 1-g/dl higher albumin level, there was about a
0.2-mg/dl higher serum Mg (p<0.001) level after accounting for intra-subject correlations in
repeated measurements over time. The association between serum Mg and mortality differed
by serum albumin levels as evidenced by the subgroup analyses. The interaction between
time-varying serum Mg and serum albumin was close to statistical significance (p=0.07) in
the case-mix- and MICS-adjusted model. When examining associations of time-varying
combined levels of serum Mg and serum albumin with mortality, compared with patients
with low albumin (<3.5 g/dl) and high Mg (=2.0 mg/dl) as reference, patients with high
albumin (=3.5 g/dl) had lower mortality irrespective of Mg levels in case-mix- and MICS-
adjusted models: adjusted HRs of 0.53 (95% Cl, 0.46-0.60; p<0.001) and 0.53 (95% ClI,
0.47-0.58; p<0.001) for patients with high albumin/low Mg and high albumin/high Mg,
respectively (Table 2 and Figure 3). However, compared to the reference group comprising
patients with low albumin and high Mg, membership in the low albumin and low Mg group
was associated with an additional 17% higher risk of mortality in case-mix- and MICS-
adjusted models: adjusted HR, 1.17 (95% CI, 1.05-1.30; p=0.004).

Discussion

In this study, we found that lower serum Mg levels were significantly associated with
increased all-cause mortality in MHD patients independent of sociodemographics and
comorbidities using a time-varying model. However, we observed that the association was
attenuated to the null when incrementally adjusted for inflammatory markers, especially
with serum albumin. The association between time-varying serum Mg and mortality was
modified by time-varying serum albumin level. Among hypoalbuminemic HD patients,
hypomagnesemia contributed to an additional higher mortality risk.

To our knowledge, our study is the first to examine the relationship between time-varying
serum Mg and mortality in a large MHD cohort in the United States over an extended follow
up period. Our findings are consistent with previous studies of Japanese HD patients by
Ishimura et al18 which used an institutional registry and by Sakaguchi et al1® which used
national-registry HD data. However, both groups focused on baseline serum Mg alone, and
Sakaguchi et al1® limited their follow up to 1-year.

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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Magnesium is an essential cation for vital cellular functions in the body. Under normal
conditions, approximately 1% of total body Mg is found in extracellular fluid. In the general
population, magnesium homeostasis is dependent upon the balance between dietary intake,
kidney reabsorption and excretion by the renal tubules, particularly in the thick ascending
limb of the loop of Henle and distal nephrons 1222, Serum Mg levels are tightly regulated
with a narrow normal range of 1.8 to 2.4 mg/dl. In anuric dialysis patients, there is loss of
renal regulation of Mg homeostasis, and Mg levels are largely dependent upon dietary intake
and dialysate Mg concentrations. In Japan and the United States, dialysate Mg
concentrations of 1.0 mEg/l and 0.5 mEq/I, respectively, are typically used. Consequently,
the mean serum Mg levels in the aforementioned Japanese HD studies were much higher
than in our cohort (2.77 + 0.33 mg/dl 18 and 2.61 + 0.52 mg/dl 19, versus 2.07 + 0.36 mg/dl).

Despite their impaired capacity for Mg renal excretion, low serum Mg levels have
commonly been reported in patients receiving HD or peritoneal dialysis (PD) 23-25,
Hypomagnesemia in this context has been attributed to decreased dietary intake 26, protein-
energy wasting 181927 and increased use of proton pump inhibitors2L. In the present study,
patients with lower serum Mg at baseline had a much higher prevalence of malnutrition, as
assessed by protein-energy wasting markers including lower serum albumin, SUN, and
nPCR. Malnutrition is common among dialysis patients 28. A low serum albumin level,
which was attributed to low protein intake and a high state of inflammation 29, is one of the
strongest predictors of all-cause and CVD mortality in dialysis patients 3932, In our study,
serum albumin was a dominant independent predictor of mortality after fully adjusting for
all available potential comorbid and sociodemographic confounders (p<0.001). Indeed, after
adjusting for serum albumin, associations between Mg and mortality were attenuated to the
null in case-mix- and MICS-djusted survival models. However, among patients with low
albumin levels, we found that low Mg was associated with an additional 17% higher death
risk compared to those with high serum Mg levels. These findings suggest that serum
albumin is not only a confounder but also a modifier of the association of serum Mg with
all-cause mortality, and that additional pathogenic factors beyond protein-energy wasting
may account for the link between lower serum Mg and death.

Hypomagnesemia may be associated with adverse outcomes via several mechanistic
pathways. First, Mg deficiency has been shown to induce endothelial dysfunction and
promote atherosclerosis in both in vitro 33 and in vivo studies 34. Second, low Mg level
promotes vascular calcification and vascular stiffness in both animal 3536 and human
studies 37:38, including patients undergoing maintenance dialysis 3940, Third, Mg possesses
anti-inflammatory and antioxidant properties. Lower serum Mg is associated with increased
inflammation in both non-dialyzed 4142 and dialyzed subjects 1819, In our study, patients
with lower Mg had higher ferritin and lower albumin levels, an indication of increased
inflammation. Fourth, Mg deficiency is associated with insulin resistance and metabolic
syndrome 4344 including higher incidence of hypertension and dyslipidemia 448,
Furthermore, data from the general population suggest that Mg supplementation is
associated with a lower incidence of diabetes 47, better control of diabetes 8 and
hypertension ©, and less inflammation and endothelial dysfunction 490, In dialysis patients,
long-term Mg supplementation has been reported to reduce carotid intima-medial

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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thickness 40. However, further studies are needed to examine whether correction of
hypomagnesemia by either oral supplement or higher Mg concentration in the dialysate
would reduce risk for death in patients undergoing MHD, especially in those with
hypoalbuminemia.

In this study, we observed an L-shaped association between serum Mg levels and mortality,
such that mortality risk nadired at a serum Mg level of 2.2 mg/dl. When examined as a
continuous variable, we found that there was a trend towards higher death risk with Mg
levels > 3 mg/dl, although not statistically significant. Prior data suggest that
hypermagnesemia may inhibit PTH secretion, leading to low bone turnover and vascular
calcification 1:52 as potential risk factors for CVD and death. However, our study did not
show a significant correlation between baseline serum Mg and iPTH. Further studies are
needed to confirm the association between moderate to severe hypermagnesemia and
mortality risk, and to explore underlying mechanisms.

Strengths of our study include a large sample size of more than 9000 MHD patients, follow-
up for up to 5 years, and serial Mg measurements that enabled the time-varying survival
analysis to account for short term effects of serum Mg levels. There are several limitations
in this present study. First, a large proportion of patients were excluded due to lack of serum
Mg measurements, increasing risk of selection bias. However, a comparison of included
versus excluded patients in the cohort showed similarity in baseline characteristics (Table
S2). A comparison of patients receiving one versus more than one Mg measurements
showed that patients who only had a baseline serum Mg measurement had a shorter duration
of follow up and were more likely to have diabetes, CHF, CVD and dyslipidemia at baseline
(Table S3). Second, as there was no information on specific cause of death in this cohort, we
could not investigate the association between serum Mg and cardiovascular mortality. Third,
ionized serum Mg was not measured in this cohort. Approximately 30% of serum Mg is
bound to protein, primarily albumin, and therefore total measured concentrations of Mg may
be affected by hypoalbuminemia®3. A currently accepted equation correcting Mg
measurements for hypoalbuminemia has not been established, as it has for calcium.
Additional studies that include analysis for ionized Mg are warranted. Fourth, although we
rigorously adjusted for various plausible confounders, given the observational study design,
we are unable to determine if associations were causal.

In conclusion, to our knowledge, this is the first study to examine the association between
time-varying serum Mg and mortality risk among a large national MHD cohort. We
observed that lower serum Mg was significantly associated with increased all-cause
mortality when adjusted for comorbid and sociodemographic variables. We also found that
there was a differential association between serum Mg and mortality across serum albumin
levels such that hypomagnesemia had a particularly stronger association with death among
patients with low albumin levels. Future studies are needed to determine the mechanisms
underlying the association of hypomagnesemia with mortality, as well as the impact of
correcting low Mg levels with Mg supplementation upon survival among hypomagnesemic
dialysis patients.

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.
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46,156 patients excluded for

—>
treatment < 60 days

\ 4
162,664 DaVita patients

50,647 patients removed for
—>| dialysis modality other than
in-center hemodialysis

\ 2
112,017 DaVita patients

102,658 patients excluded for

missing data on baseline Mg

\ 4
Study cohort: 9,359 DaVita patients

with baseline Mg measurement

Figure 1.
Algorithm (flow chart) of patient selection for the cohort.
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Figure 2.

<18

1.8-<2

T T T

2-<2.2 22-<24 >=24

Serum Mg (mg/dl)

Time-dependent all-cause mortality hazard ratios (and 95% confidence interval error bars)
by quarterly serum Mg levels. Cox regression with 3 levels of adjustments: (1) Unadjusted;
(2) Case-mix adjusted for age, sex, race/ethnicity (Caucasian, African American, Hispanic,
Asian, or other), comorbidities including diabetes mellitus, hypertension and history of
cancer, and spKt/V; (3) Case-mix & MICS adjusted for all the covariates in the case-mix
model, plus BMI and MICS surrogates markers (11 laboratory variables are described in

text).
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Figure 3.

Unadjusted

IR Ab<35 &Mg<2
[ Ab<35 &Mg>=2
I Alb>=35 & Mg<2
[ Alb>=35 &Mg>=2

Case-Mix Case-Mx&MICS

Time-dependent all-cause mortality hazard ratios (and 95% confidence interval error bars)
across 4 groups of serum Mg (<2 or =2 mg/dl) and albumin (<3.5 or 23.5 g/dl) combination,
with Mg =2 mg/dl and albumin <3.5 g/dl as reference. Cox regression with 3 levels of
adjustments: (1) Unadjusted; (2) Case-mix adjusted for age, sex, race/ethnicity (Caucasian,
African American, Hispanic, Asian, or other), comorbidities including diabetes mellitus,
hypertension and history of cancer, and spKt/V; (3) Case-mix & MICS adjusted for all the
covariates in the case-mix model, plus BMI and MICS surrogates markers (11 laboratory
variables are described in text)

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.



Page 16

Lietal.

81 9T 69T L6T €6e 6'LT % ‘Ip/B 0T > aH
(T vTT (T etT Tt (zm)oTT (z1) 801 (eTTTT (1p/6) aH
sanjeA Alojeloqe] auljaseg
67 02 ST A 9€ S 180ued
zT e ST LT 12 ST LOSEESIP 4o
€5 vy 55 zs 8y TS »ad0d
'8¢ §'9z 0've 9'92 §'se T'9¢ elwapidisAq
A 0T zT €T 80 zT VAD
0'6€ §'8e L€ 6'LE 9'9g 8¢ 4HO
901 19T LT €91 g o1 ano
T8y elp 'Ly 60y g'sy 99y LuoisuapiadA
209 619 6'85 §'09 A 1'65 ss1aqeIq
Sa1IPIgIOW-0D
(eL) 822 (s2) €82 (22) 1r8e (L) 882 (8'2) 582 (92) v8e 2w/bx Ing
9.¢ PR:> YL TLE 0oy T8¢ Y
zL LS TS € [A4 GG predlpaiN
7SS LSS 'S 9.8 8'G5 '95 3IedIPAIN
aouelnsu| Arewild
0 ) 12 ST LT 7T BYo
v'e 67T 97 97T €T 0z uelsy
0LT 7’61 821 71T 76 0€T a1uedsiH
192 08z 182 g1e g1e 762 UBDLIBWY UBDLYY
705 FATAS 85 0'€S €95 €S uelseone)
*momm
627 e ger A4 T9v g€y XaS [ewad
(8'sT) €79 (8'v1) 8'29 (6'vT) 2°€9 (9vT) ¥'v9 (Fv1) §%9 (6'vT) £'€9 (s1eak) aby

(069T=U) ¥’

(zTLT=U) ¥'T>-2C

(8L22=u)zz>-07¢

(0281=u) 0C>-8T

(608T=U) 8'T>

(65€6=N) [e10L

sonsLisloRIRYD

Author Manuscript

‘|]ans] wnisaufew wnJas auljaseq o1 Buipiosoe syuaned sisAjeipoway 6GE'6 10 SoNsLIs1oRIRYD BuUljaseyg

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.



Page 17

Lietal.

A 100d-8]16uls ‘A ds fauowioy proiAyresed 10e1ul ‘H1d! ‘wniofes paisnlpe-uiwingle

‘eD [pv ‘uabouiu eain wnuas ‘NNS ‘sapLIddAIbLL ‘9 ‘uigoidodi] Ausuap-mol ‘1@ ‘utsrosdodi] Ausuap-ybiy “1aH ‘esereydsoyd aulfexe ‘v ‘ered 91jogered uisloid pazijewlou ‘4D du ‘182 poojq auym
‘OgM ‘ulgojBoway ‘qH ‘aseasip Areuow|nd aA1ANISGO J1UOIYD ‘AdOD ‘JUBPIIIL JB|NISBAOIGRIRI ‘Y AD ‘9SeasIp JeJnasenolpied ‘gAD ‘ainjie} Leay paisabuod ‘4HD ‘Xapul ssew Apoq ‘|G :SUOIIRIARIqaY

"$9|qeLIBA 2011063120 10§ 158} aJenbs-14d JO ‘S3|gBLIBA SNONUIIUO0D 10 1581 SI[BAA-[8XSNIM J0 YAONY Aq S|aAs] By wniss ssooe uostiedwo)

158) SI|[eM-[exSnI pue ‘[ajiJenb pig ‘sjinenb 1ST] UBIpBW ‘UoIINGLISIP PaMaYS

*¥

“Juedl4iubis Jou anjea-d
M

*LG€°0x “1/1oww 0} T1p/Bw ur NNS ‘62TT00x

“J/10ww 03 p/Bw Ul 91 ‘6ZZ€ 0x “1/10Ww 03 Jp/Bw ut snioydsoyd :98520°0x ‘T1/|0WW 03 Tp/Bw Ul [0481S3]0YD ‘G612 0x ‘TT/I0WW 03 TTp/B Ul WINID[eD :sHUN 1oy SI10308) UOISIBAUOY *[aBues ajisenbiaul]
UBIPAW 10 UOIIASP pJepuels F Ueaw Se ‘s3|qelieA Snonuiluod oy sanjea ‘safejusalad se uanib ale sajqelten [ea11ofa1ed 1oy sanfen ‘palesipul asIMIBLIO ssajun Tp/Bw ul passaidxe wnisaubepy 810N

(v€0) 87'T

(ze0) LT

(ve0) 67'T

(ve'0) 87T

(ec0) 8T

(€€0)85'T

*>bv_% :Aoenbape sisAfeiq

L'8T

797

S9T

€aT

891

L'9T

% ‘lw/6d 0GT> H.Ld!

[89 ‘€8T] 962

[89v ‘s8T] 662

[12v ‘T6T] 208

[esy ‘e6T] €TE

[¥8¥ ‘06T] 90€

[o.¥ ‘68T] €0g

o W/Bd) HLd!

(cmes (1) 08 (T18r DLy Tnsy enev (1p/Bw) snioydsoyd
(90)z6 (90)¢6 (so)t16 (S0 16 (90)6'8 (90 T6 (1p/Bw) &3 fpw
(8%1) T¥S (€'%T) 505 (ser) 8Ly (Ler) s (6€1) 62V (Sv1) T8y (1p/Bw) NNS
(62) 9°€C (82) L€T (92) Lee (L2 8ee (62) 9°€C (82) L€T (I/b3w) syeuog.edlg
(S0 9v (CTOX34 (S0 vy (S0 vy (so)er (S0 vy (1/b3w) wnisselod
(9'z01) 0291 (1'98) 8551 (2'98) T'95T (6'16) 9'T9T (5'26) Z 09T (2'76) 0651 Lp/bw) o1
(5'9¢) 8'08 (8've) ¢6L (8'g€) 56L (0'ee) 582 (eve) 67L (0'ge) 9'8L (1p/Bw) 17
(svr)eey (rv7) 6°07 (9e1) g'6€ (Sv1) 00V (LeT) 888 (Tvr) oy (Ip/Bw) 1@H
(T'Ly) 9'55T (L'vp) L'16T (z'Lv) e'16T (¢'vv) 5081 (e'GY) L'SvT (6'S¥) 8'05T (1p/Bw) reyoL
|013188]10YD
[tT1-20] 98 [sT1-80] 98 [sT1-89] 98 [sT1-1.]88 [oz1-01 16 [ot1-69] 28 NUGDERN
(cz0) 98°0 (cz0) 280 (tz0)6L0 (teo)9L0 (teo)eLo (cz0)6L0 (p/6x/6) ¥Odu
z1¢e 7'9g vey 6'6Y 9'95 ger % ‘IP/B G°€> unng|y
(r70) v9'€ (sv0) 65°€ (s0) 25 (8v0) zv'e (es0) se'€ (8v°0) 05°€ (1p/6) urungry

[22v-vv1] 952

[Tor—vstl 122

[¥15-2.7] 90¢

[¥95-281] 91€

[re9-212] 288

[tes—v.1] 20g

(lwyBu) unieg

(19°2) ¥8°L

(o) 8L L

(L1€) 6862

(182)16'L

(012 16°L

(062) L8°L

LUP/c0Tx) DM

(0691=U) ¥’

(zTLT=U)¥'2>-2C

(8122=U)zz>-07¢

(0281=U) 0Z>-8'T

(608T=U) 8'T>

(65€6=N) [e10L

sonsLIgloRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2016 December 01.

in

available

i

Am J Kidney Dis. Author manuscript



Page 18

Lietal.

"(p/63/6) 4Odu ‘(jp/Bw) usbounu eaun ‘(p/6) uiwngpe ‘(jwyBd Boj) suow.oy prolAyrered 1e3un “(jp/Bw) snoioydsoyd ‘(jp/Bw) wniojed
paisnipe-uiwingpe ‘(l/b3w) wnisseod ‘(1/n| Boi) asereydsoyd suifexfe ‘(jw/Bu Bof) untuay ‘(1p/c0Tx) N0 1139 Poolq suym ‘(1p/B) ulgojBouisy ‘(7 Ww/6x) xaput ssew APog +XIIN-85eD :SOIN + XIIN-958D

NA

Jood-aj6uis pue ‘(ou ‘sak) Jaoued ‘(ou ‘sak) uoisuapadAy ‘(ou ‘sak) salagelp ‘(Jaylo Jo ‘UeISY ‘OluedsiH ‘UrdLIBWY URDLIY ‘UBiSEINe)) adel ‘(alewsay ‘aew) xas ‘(s1eak) abe oy paisnipe sasAjeue X1|N-ased

Author Manuscript

BWOJPUAS BIX8U2eI-UOIBWILIRIJUI-UONLINUIBW ‘SO ‘Wnisaubew ‘BiA {[eAI8IUl 80UBPIAU0D ([ ‘011el prezey Alfelow asned-|[e :4H

'Ip/B §'€> ulwing|y pue |p/buw 0°zZ BN winias :dno.b souaisysy ‘syuawainseaw AJslenb ale sanjea

1000> | 850 | 2v0 | €50 | T000> | S0 | €0 | Tv0 | TO00> | Ov0 | €60 | 9€0 0=
7000> | 090 | 9v'0 | €50 | 1000> | s¥0 | s€0 | ov'0 | TOOO> | SO | S€0 | ovO 0> §e
- (ouepl) 00'T - (@oueRRP) 00T - (@oweRPRI) 00T 022
v000 | 1€T _ S0'T _ LTT | %000 | 0€T _ S0'T _ LTT | T00°0> (er1-ST'T) 82T 0> ge>
anead (10 9%656) ¥H anenad (1D %56) ¥H anjead (1D %56) ¥H
(Ip/bw) B | (1p/6) aIv

SOIN+XIN-3seD

XIN-35eD

paisnlpeun

"$311063180 UOIIRIIUAdUOD ulwNng|e pue B wniss Aq

¢ ?olgel

Author Manuscript

Author Manuscript

‘soljel pJezey Alljeriow asned-|je juspuadap-awil |

Author Manuscript

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.





