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Abstract
Background—Low serum magnesium levels may cause fatal ventricular arrhythmias. However,
their long-term effects on mortality and morbidity in chronic heart failure patients are relatively
unknown.

Methods—We studied 1569 chronic systolic and diastolic heart failure patients with normal sinus
rhythm who participated in the Digitalis Investigation Group trial and had serum magnesium data
available at one month. Of these, 741 patients had normal (>2 mEq/L) and 828 had low (≤2 mEq/L)
serum magnesium levels. Propensity scores for having low serum magnesium levels were calculated
for each patient using a non-parsimonious multivariable logistic regression model, and were used to
match 560 (76%) low-magnesium patients with 560 normal-magnesium patients. Effects of low-
magnesium on mortality and hospitalization during a mean follow-up of 36 months were assessed
using matched Cox regression analyses.

Results—All-cause mortality occurred in 156 (rate, 915/10,000 person-years) normal- magnesium
and 171 (rate, 1034/10,000 person-years) low-magnesium patients, respectively, during 1704 and
1653 years of follow-up (hazard ratio, 1.23; 95% confidence interval, 0.97–1.57; P=0.089).
Cardiovascular mortality occurred in 110 (rate, 646/10,000 person-years) normal-magnesium and
133 (rate, 805/10,000 person-years) low-magnesium patients (hazard ratio, 1.38, 95% confidence
interval, 1.04–1.83, P=0.024). Hazard ratios and 95% confidence intervals for all-cause and
cardiovascular hospitalizations were respectively 1.18 (0.99–1.42; P=0.068) and 1.14 (0.94–1.39;
P=0.182).

Conclusions—In a propensity-matched population of ambulatory chronic heart failure patients
who were balanced in all measured baseline covariates, serum magnesium level 2 mEq/L or less was
associated with increased cardiovascular mortality, but had no association with cardiovascular
hospitalization.
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1. Introduction
Magnesium is an important electrolyte that plays an essential role in normal cardiac function,
and low serum magnesium levels may be associated with cardiac arrhythmias and sudden death
[1–3]. The activation of renin-angiotensin-aldosterone system and the use of diuretics are
associated with depletion of serum potassium and magnesium in heart failure patients [4–6].
Studies of the effect of serum magnesium on outcomes in heart failure are limited by traditional
regression-based risk adjustment, and inconsistent findings [6–9]. The objective of this study
was to determine the long-term effects of low serum magnesium levels on mortality and
hospitalization in a propensity-matched chronic heart failure population.

2. Materials and methods
2.1. Study patients

In the Digitalis Investigation Group (DIG) trial, 7788 ambulatory chronic heart failure patients
(6800 had left ventricular ejection fraction 45% or less) in normal sinus rhythm, enrolled from
302 centers in the United States and Canada between 1991–1993, were randomized to receive
digoxin or placebo [10,11]. Most of these patients were receiving angiotensin-converting
enzyme inhibitors and diuretics. Data on beta-blocker use were not collected in the DIG trial.
The focus of this study is a random subset of 1569 DIG participants with data on serum
magnesium measured in a central laboratory based on blood drawn at one month after
randomization [12].

2.2. Baseline serum magnesium
Data on serum magnesium levels were collected from a subset of DIG population at one month
after randomization. Mean (±SD) serum magnesium level was 2.04 (±0.21) mEq/L with a range
of 1.10 to 2.90 mEq/L. Patients were categorized to have low (≤2 mEq/L) or normal (>2 mEq/
L) serum magnesium levels. Of the 1569 patients in the current analysis, 828 (53%) had serum
magnesium ≤2 mEq/L.

2.3. Study design: propensity score matching
The propensity score is the conditional probability of receiving an exposure (e.g. having low
magnesium) given a set of measured covariates [13–16]. Propensity score matching can be
used to assemble a risk-adjusted study cohort in which two groups of patients are well balanced
in all measured baseline covariates. As in randomized clinical trials, the investigators remain
blinded to study outcomes during the design phase of the study. In a propensity-matched study,
the imbalances in baseline covariates before matching and balances achieved after matching
can be objectively measured and presented in tabular and graphic formats. Finally, propensity
score-matching generally provides relatively conservative estimates of the true association
[17].

2.4. Estimation of propensity scores
Propensity scores for low serum magnesium for each of the 1569 patients were calculated using
a non-parsimonious multivariable logistic regression model. We used all available baseline
characteristics as shown in Table 1 (except for the derived variables of estimated glomerular
filtration rate and chronic kidney disease) and clinically plausible interactions (between age
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and creatinine, age and diuretic use, and creatinine and diuretic use) in our model for the
estimation of propensity scores [18–22]. Because our propensity model was used solely to
describe the characteristics of patients with and without low magnesium in this study, rather
than to predict the likelihood of low magnesium across other samples, the relevant measure of
the model’s success was assessed by the quality of the matching using absolute standardized
differences, as described below [16].

2.5. Propensity matching and assembly of study cohort
Using a greedy matching protocol, we matched each low-magnesium patient to a normal-
magnesium patient who had similar propensity scores to five, four, three, two and one decimal
places in five repeated steps [18–22]. Specifically, we first multiplied the raw propensity scores
by 100,000, and then rounded it to the nearest value divisible by 0.25. For example, propensity
scores of 0.12345678 and 0.12345345 respectively for a normal-magnesium and a low-
magnesium patient would be converted to respectively 12345.68 and 12345.45 by multiplying
by 10,0000. Both would then be rounded to 12345.50 and matched, and the matched pair would
then be removed from the file. When no further five-decimal matches are available, in the
second step, the raw propensity scores would be multiplied by 10,000. This process was
repeated three more times, each time, multiplying the propensity scores by 1000, 100 and
finally 10. In all, we matched 560 (68%) low-magnesium patients with 560 normal-magnesium
patients.

2.6. Assessment of covariate balance
We estimated absolute standardized differences to evaluate pre- and post-match balance in the
distribution of baseline covariates between patients with normal and low magnesium [18–
24]. Absolute standardized differences directly quantify biases in the means (or proportions)
of covariates across the groups, and expressed as percentages of the pooled standard deviations.
An absolute standardized difference of 0% on any measured covariate indicates no residual
bias for that covariate, and any differences below 10% suggest inconsequential residual bias.

2.7. Study outcomes
The primary outcomes were all-cause mortality and all-cause hospitalization. We also studied
mortality and hospitalizations due to cardiovascular causes and worsening heart failure. DIG
participants were followed for a mean of 36 months and vital status data were complete for
99% of the patients [25].

2.8. Statistical analysis
We used Kaplan-Meier plots and matched Cox regression analysis to estimate associations of
low-magnesium with total and cause-specific deaths and hospitalizations in the matched
cohort. A matched Cox regression analysis is essentially a stratified analysis that compares
survival within each pair of matched patients as a separate stratum and then computes the
overall hazard ratio from the individual hazard ratios [26]. We examined the assumption of
proportional hazards by a visual examination of the log (minus log) curves [27]. We then
repeated our analyses using serum magnesium as a continuous variable. To determine whether
the loss of sample size in the matching process affected our results, we estimated the effect of
low magnesium on outcomes in the full pre-match cohort of 1569 patients adjusting for raw
propensity scores.

2.9. Sensitivity analyses
To determine the effect of a potential unmeasured confounder on our findings, we conducted
a formal sensitivity analysis to quantify the degree of a hidden bias that would need to be
present to invalidate our main conclusions [19,22,28,29].

Adamopoulos et al. Page 3

Int J Cardiol. Author manuscript; available in PMC 2010 August 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Results
3.1. Patient characteristics

The mean (±SD) age of the 1120 matched patients was 63.5 (±10.6) years, (51% ≥65 years),
25% were women and 11% were non-whites. Before matching, low-magnesium patients were
more likely to be younger, non-whites, have hypertension, and less likely to have chronic
kidney disease and be receiving non-potassium sparing diuretics (Table 1). After matching,
low-magnesium patients were similar in regards to all measured baseline covariates (Table 1
and Figure 1). Post-match absolute standardized differences for all measured covariates were
<10% (most were <5%), demonstrating substantial improvement in covariate balance across
the treatment groups (Figure 1).

3.2. Magnesium and mortality
During a mean follow-up of 36 months, 327 (29%) patients in the matched cohort died from
all-causes, 243 (22%) due to cardiovascular causes and 93 (8%) due to worsening heart failure.
Kaplan-Meier survival curves for all-cause and cardiovascular mortality are displayed in Figure
2. All-cause mortality occurred in 28% normal-magnesium (rate, 915/10,000 person-years)
and 31% low-magnesium (rate, 1034/10,000 person-years) patients respectively during 1704
and 1653 years of follow-up (hazard ratio when low-magnesium patients were compared with
normal-potassium patients, 1.23; 95% confidence interval, 0.97–1.57; P=0.089; Table 2).

Cardiovascular mortality occurred in 20% normal-magnesium (rate, 646/10,000 person-years)
and 24% low-magnesium (rate, 805/10,000 person-years) patients (HR 1.38; 95% CI 1.04–
1.83; P=0.024; Table 2). Mortality due to progressive heart failure occurred in 8% normal-
magnesium (rate, 252/10,000 person-years) and 9% low-magnesium (rate, 302/10,000 person-
years) patients (hazard ratio, 1.42; 95% confidence interval, 0.95–2.25; P=0.135; Table 2).
Associations of low magnesium and other cause-specific mortalities are displayed in Table 2.

The results of our sensitivity analysis suggest that the association of low magnesium and
cardiovascular mortality is moderately sensitive to a potential unmeasured confounder. An
unmeasured binary covariate that would increase the odds of low magnesium by only 4.3%
(two-tailed p = 0.024) could potentially explain away our findings of low-magnesium
associated cardiovascular mortality. However, for an unmeasured covariate to act as a
confounder, it must be strongly correlated with cardiovascular mortality and may not be
strongly correlated with any of the covariates displayed in Table 1 [30].

In the full pre-match cohort of 1569 patients, 355 (23%) patients died from cardiovascular
causes: 175 (24%) and 180 (22%) respectively in the normal- and low-magnesium groups
(propensity-adjusted hazard ratio, 1.12; 95% confidence interval, 0.90–1.40; p =0.303). When
serum magnesium was used as a continuous variable, the propensity score adjusted hazard ratio
was 0.89 (95% confidence interval, 0.51–1.55; p =0.685).

3.3. Magnesium and hospitalization
All-cause hospitalizations occurred in 746 (67%) patients, hospitalizations due to
cardiovascular causes in 585 (52%) and those to worsening heart failure in 315 (28%) patients.
All-cause hospitalizations occurred in 65% normal-magnesium (rate, 3596/10,000 person-
years) and 68% low-magnesium (rate, 4146/10,000 person-years) patients respectively during
1015 and 919 years of follow-up (hazard ratio, 1.18; 95% confidence interval, 0.99–1.42;
P=0.068; Table 3). Associations of low magnesium and other cause-specific hospitalizations
are displayed in Table 3.
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4. Discussion
The results of the current analysis demonstrate that serum magnesium ≤2mEq/L was associated
with increased cardiovascular mortality in patients with chronic heart failure. The observed
associations are modest, and the significance of these findings is limited by the relatively small
sample size. However, to the best of our knowledge, this is the first report of a long-term effect
of low magnesium on mortality and hospitalizations in a propensity-matched cohort of chronic
heart failure patients.

Our findings that low-magnesium was associated with increased cardiovascular mortality but
not with increased cardiovascular hospitalization suggested that most of these deaths were
likely sudden in nature. Magnesium deficiency is known to be associated with significant life-
threatening ventricular arrhythmias and sudden death, which may be treated with magnesium
supplements [1,31,32]. In addition, magnesium deficiency may cause myocardial fibrosis and
platelet aggregation thus explaining its overall adverse effect on cardiovascular mortality
[33,34]. Finally, low serum magnesium may also be a marker of disease progression in heart
failure. Aldosterone, a harmful neurohormone that is activated in heart failure, also increases
urinary excretion of magnesium causing low serum magnesium [35].

Despite a significant increase in cardiovascular mortality, there were no statistically significant
differences in individual components of cardiovascular mortality between the groups. This was
likely due to small number of cause-specific events. However, the effect of low baseline
magnesium on deaths due to non-heart failure-related cardiovascular causes, that included
arrhythmias, was of borderline significance (Table 2). This supports the hypothesis that most
low-magnesium-related deaths were likely due to life-threatening ventricular arrhythmias. The
lack of a statistically significant effect on all-cause mortality, on the other hand, was likely due
to lack of an effect of low magnesium on deaths due to non-cardiovascular and unknown causes
(Table 2).

Diuretics are commonly used in heart failure and may be associated with poor outcomes, and
higher doses of diuretics may be associated with increased risk of death [19,36]. Despite a
common belief that therapy with large doses of loop diuretics may result in low serum
magnesium levels, diuretic dose has not been shown to be associated with low serum
magnesium levels in heart failure [6]. This may be due to high prevalence of chronic kidney
disease in heart failure [21]. While heart failure patients with chronic kidney disease are more
likely to use diuretics and may require them in higher doses [21], pre-match data from our
study and baseline data from other studies suggest that these patients are also more likely to
have normal or high serum magnesium levels [6–8]. A study in patients with hypertension also
found that serum magnesium levels were similar regardless of use of diuretics [37].

We used a cut-off point of 2 mEq/L to define low serum magnesium, which might have included
many patients with normal serum magnesium, thus underestimating the true effect of low
magnesium observed in our analysis. Yet, serum magnesium ≤2mEq/L was associated with
increased cardiovascular mortality in chronic heart failure patients who were well balanced in
all measured covariates. Given the known association between low serum potassium and low
serum magnesium [38,39], it may be reasonable to check serum magnesium levels in patients
with persistent hypokalemia, especially those not responding to therapy. Once detected,
hypomagnesemia should be corrected with magnesium supplementation and/or aldosterone
antagonists as appropriate [40]. Further prospective studies are needed to understand the true
nature of the association between serum magnesium levels and outcomes in chronic heart
failure before routine monitoring of serum magnesium can be recommended for these patients.

The prognostic significance of serum magnesium in patients with heart failure has been
examined in three previous studies, which reported conflicting findings [6–8]. Larger sample
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size, longer follow-up, inclusion of both systolic and diastolic heart failure, retrospective
randomization based on propensity score matching, and risk adjustment based on a large
number of measured covariates distinguish our study from those studies.

Our study has several limitations. Generalizability of this study is limited by patient
characteristics (predominantly white, male and relatively young ambulatory patients with mild
to moderate heart failure in normal sinus rhythm) and timing of the DIG trial (from pre-beta-
blocker era of heart failure therapy). Although our propensity score matching has generated
groups with equal number of patients using ACE inhibitors, we were not able to match by their
dosages. It is plausible that patients with higher dosage of ACE inhibitor had less severe
activation of renin-angiotensin-aldosterone system resulting in less severe hypomagnesemia.
However, data on dosages of ACE inhibitors were not collected in the DIG trail. Finally, our
study may be sensitive to an unmeasured covariate that is weakly correlated with low serum
magnesium. However, for that covariate to be a confounder, it must be also be associated with
cardiovascular mortality and not be strongly correlated with any of the covariates in Table 1
[30].

In conclusion, in a propensity-matched population of heart failure patients who were balanced
on all measured baseline covariates, the presence of serum magnesium levels ≤2mEq/L was
associated with a significant increase in long-term cardiovascular mortality. There is no need
for routine screening for serum magnesium in heart failure patients. However, once low serum
magnesium is detected in heart failure patients, they should be appropriately treated with
magnesium supplements and/or aldosterone antagonists.
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Figure 1.
Absolute standardized differences in covariates between patients with serum magnesium ≤2
mEq/L and >2 mEq/L, before and after propensity score matching
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Figure 2.
Kaplan-Meier plots for mortality due to (a) all-causes, and (b) cardiovascular causes
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