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Abstract
Although serummagnesium (Mg) levels are closely associated with the prognosis of heart failure (HF) patients, the clinical significance
of sMg levels on the cardiovascular outcomes of HF with preserved ejection fraction (HFpEF) patients is not fully understood. This
study was a retrospective, single-center, observational study. We enrolled 452 consecutive HFpEF patients admitted to Kumamoto
University Hospital. We defined lower sMg as<2.0mg/dl (=0.8mmol/L) based on recent clinical evidence and compared their clinical
characteristics and prognosis. There were no significant differences between groups in the use of all medications (loop diuretics,
mineralocorticoid receptor antagonists, renin-angiotensin-aldosterone system inhibitors, calcium channel blockers, beta blockers,
statins, and Mg preparations). The lower sMg group showed a significantly higher prevalence of diabetes mellitus (DM), uric acid
levels, and BNP levels compared with the higher sMg group. Kaplan–Meier curve revealed a significantly higher probability of HF-
related events in the lower sMg group compared with the higher sMg group (log-rank test, P= .012). Multivariate Cox-proportional-
hazard analysis revealed that the lower sMg group had significantly and independently higher probabilities of HF-related events
comparedwith the higher sMg group (hazard ratio=2.37, 95% confidence intervals= 1.27–4.41, P= .007). We reclassified the risk of
HF-related events after adding the lower sMg to the other prognostic factors (age, previous hospitalization for HF, DM, Ln-BNP); the
continuous net reclassification improvement was 29.0% (P= .041). sMg levels might provide important prognostic information in
regard to HFpEF.

Abbreviations: ARB = angiotensin receptor antagonists, ARNi = angiotensin receptor-neprilysin inhibitors, BNP = B-type
natriuretic peptide, CI = confidence intervals, DM = diabetes mellitus, EF = ejection fraction, HF = heart failure, HFpEF = heart failure
with preserved left ventricular ejection fraction, HFrEF= heart failure with reduced left ventricular ejection fraction, HR= hazard ratios,
LV = left ventricular, Mg = magnesium, NRI = net reclassification improvement, NYHA = New York Heart Association, PF =
prognostic factors, RAS = renin-angiotensin system, sMg = serum magnesium.
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1. Introduction

In heart failure (HF) patients, various factors, such as
hyperactivity of the renin-angiotensin system (RAS), influence
of drug therapy (loop and thiazide diuretics), undernutrition,[1,2]

and others, can causes hypokalemia and hypomagnesemia. These
conditions are well known to increase the risk of arrhythmia and
sudden death. When diuretics in the treatment of HF,
hypomagnesemia can lead to complications, which complicates
arrhythmia and causes refractory hypokalemia; thus, the serum
magnesium (sMg) concentration levels of HF patients should be
determined. Hypomagnesemia has been reported to be an
independent risk factor for cardiovascular disease,[3–5] and
replacement therapy is considered necessary in terms of long-term
prognosis. The usefulness of Mg replacement therapy has been
examined in several large-scale clinical studies targeting
myocardial infarction, but until recently, their results were not
consistent.[6–8]

Accumulating clinical studies have demonstrated that HF with
reduced left ventricular (LV) ejection fraction (EF) (HFrEF) and
HF with preserved LV ejection LVEF (HFpEF) are separate
pathological conditions because of differences in survival
rates[9,10] and effective drug therapies. We have already reported
that the blood sodium concentration,[11] blood potassium
concentration,[12] plasma neopterin concentration,[13] pulse
pressure,[14] and H2FPEF score[15] are potent prognostic factors.
Despite numerous papers have reported the importance of Mg
deficiency in HF,[16,17] few references have reported optimal sMg
values inHFpEF patients. In this article, our aimwas to determine
the importance of monitoring sMg levels for HFpEF. The main
purpose of this study was to investigate the relationship between
the occurrence of future HF-related events and sMg levels in
HFpEF patients.
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Figure 1. Flow chart showing the enrolment protocol. HF=heart fa
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2. Method

2.1. Ethics statement

All procedures were conducted in accordance with the Declara-
tion of Helsinki and its amendments. Detailed ethics statement is
available in the Supplemental Content, http://links.lww.com/
MD/D235.
2.2. Study subjects

We retrospectively investigated 948 consecutive patients with HF
who were hospitalized in the Kumamoto University Hospital
between January 2007 and September 2013 and recorded each
patient’s medical history and relevant clinical characteristics. We
excluded 442 patients for the following reasons: severe valvular
disease (n=118), chronic renal failure, and undergoing hemodi-
alysis (n=65), systemic inflammatory disease (n=5), acute renal
failure with dehydration (n=1). Because these diseases were
known to have poor prognosis. And we excluded patients who
were failure to meet the diagnostic criteria for HFpEF as
described below (including HFrEF) (n=253). Finally, the
remaining 452 HFpEF patients, excluding those with insufficient
data, were enrolled in this study (Fig. 1).

2.3. Clinical parameters and echocardiography

Detailed clinical parameters and echocardiography are available
in the Supplemental Content, http://links.lww.com/MD/D235.
2.4. Biochemistry

Both compensated and acute decompensated HF patients were
registered in the present study. Venous samples were obtained in
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Figure 2. Distribution of serum magnesium levels in patients with HFpEF.
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the early morning while the patient was in a stable and fasting
state to measure sMg and other biochemical markers levels on
admission. We defined lower sMg as <2.0mg/dl (=0.8mmol/L)
based on recent review concerning the relationship between sMg
levels and cardiovascular events.[18] Detailed other blood
sampling methods are available in the Supplemental Content,
http://links.lww.com/MD/D235.
2.5. Definition and severity of HFpEF

HFpEF was clinically defined according to the European Society
of Cardiology task force as follows:
1.
 symptoms or signs of HF;

2.
 normal or mildly reduced LVEF (LVEF >50% and LV end-

diastolic volume index <97ml/m2); and

3.
 evidence of abnormal LV relaxation, filling, diastolic

distensibility, and diastolic stiffness.

We excluded HFpEF patients who had shown even a
transient reduction in ejection fraction. Hence, HFpEF
patients whose LVEF was <50% and was improved by
optimal medical therapy were not included in the present
study. In our study, we stratified patients by the E/e0 ratio,
grouped by either a ≥15 ratio or >8 but <15 ratio, and by
BNP levels, with a cut-off of 100pg/ml. Physicians further
confirmed patients had HF by determining the New York
Heart Association (NYHA) functional class,[19] which was
assessed under stable conditions after optimal therapy by the
standard questionnaire.
2.6. Follow-up and HF-related events

Detailed follow-up and definitions of HF-related enents are
available in the Supplemental Content, http://links.lww.com/
MD/D235.
2.7. Statistical analysis

Detailed statistical analysis is available in the Supplemental
Content, http://links.lww.com/MD/D235.
3

3. Results

3.1. Subjects

A total of 452 patients with HFpEF were enrolled in this study.
The distribution of sMg levels is shown in Figure 2. The mean
sMg level was 2.12 ± 0.22mg/dl (median, 2.1mg/dl; range, 2.0–
2.28mg/dl).
The baseline characteristics of HFpEF patients are shown in

Table 1. Overall, patients had a mean age of 71.7±9.4years and
54.6% were male. The mean systolic and diastolic blood
pressures were 130.2±20.7 and 71.0±12.6 mm Hg, respective-
ly. The lower sMg group (sMg < 2.0mg/dl) showed significantly
higher prevalence of DM, uric acid and BNP levels compared
with the higher sMg group (sMg ≥ 2.0mg/dl). No significant
differences were observed regarding the use of all medications
(loop diuretics, mineral-corticoid receptor antagonists, RAS
inhibitors, calcium channel blockers, b-blockers, statins, and Mg
preparations).
3.2. Follow-up

Follow-up data on HF-related events were available for 452
HFpEF patients. The follow-up period was 0 to 50 months
(median, 47.3 months) and 48 HF-related events (10.6%) were
recorded. No patients were lost to follow-up. The frequency of
HF-related events was significantly higher in the lower sMg
group compared with the higher sMg group (n=16, 17.4% vs
n=32, 8.9%; P= .018).
3.3. Kaplan–Meier curve

On the Kaplan–Meier curve, shown in Figure 3, a significantly
higher probability of HF-related events was noted in the lower
sMg group compared with the higher sMg group (log-rank test,
P= .012).

3.4. Cox proportional hazard model analysis

The results of simple and multivariate regression Cox propor-
tional hazard analysis forHF-related events are shown in Table 2.

http://links.lww.com/MD/D235
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http://links.lww.com/MD/D235
http://www.md-journal.com


Table 1

Baseline characteristics of heart failure with preserved ejection fraction (HFpEF) patients according to groups defined by serum
magnesium (sMg).

All patients (n=452) sMg < 2.0 mg/dL (n=92) 2.0 mg/dl� sMg (n=360) P
∗

Age (years) 71.7±9.4 70.8±10.4 71.9±9.1 .331
Male sex (%) 54.6 56.5 54.2 .726
NYHA III or IV (%) 16.4 22.8 14.7 .081
Systolic BP (mm Hg) 130.2±20.7 131.2±21.9 129.9±20.5 .583
Diastolic BP (mm Hg) 71.0±12.6 71.1±12.9 71.0±12.5 .938
baPWV (cm/s) 1779±419 1844±567 1762±371 .197
BMI (kg/m2) 24.1±3.6 24.2±4.0 24.1±3.5 .854
Emergency hospitalization (%) 17.0 14.1 17.8 .442
Previous hospitalization for HF (%) 16.6 14.1 17.2 .533
Ischemic heart disease (%) 53.1 46.7 54.7 .172
Diabetes mellitus (%) 31.0 40.2 28.6 .033
Atrial fibrillation (%) 28.5 35.9 26.7 .093
Hypertension (%) 78.1 79.3 77.8 .780
Dyslipidemia (%) 78.1 81.5 77.7 .401
Chronic kidney disease (%) 49.6 51.1 49.2 .742
Lung disease (%) 8.0 4.3 8.9 .149
Current smoker (%) 10.9 10.9 10.9 .995
Smoking status (%) 46.8 42.4 47.9 .345
Alchol intake (%) 25.7 30.4 24.4 .240
Family history of IHD (%) 18.4 21.7 17.6 .240
LVEF (%) 62.7±5.8 62.3±6.2 62.9±6.2 .345
LVDd (mm) 44.2±5.5 43.8±6.3 44.3±5.3 .483
LAD (mm) 39.4±7.0 40.6±8.1 39.1±6.7 .102
E/e’ 17.5±4.6 17.5±4.5 17.5±4.7 .967
LVMI (g/m2) 130±41 136±47 128±40 .127
Serum BNP (pg/ml) 75 [29–207] 126 [53–236] 66 [27–199] .002
Serum sodium (mEq/L) 140.3±2.6 140.2±2.2 140.4±2.7 .494
Serum potassium (mEq/L) 4.27±0.43 4.22±0.34 4.28±0.44 .135
eGFR (mL/min/1.73 m2) 62.2±19.6 63.6±20.0 61.9±19.5 .461
Uric acid (mg/dl) 5.94±1.5 6.27±1.5 5.86±1.5 .020
Serum magnesium (mg/dl) 2.12±0.22 1.83±0.08 2.20±0.17 .000
Serum calcium (mg/dl) 8.95±0.46 8.92±0.46 8.96±0.46 .483
Serum phosphorus (mg/dl) 3.47±0.57 3.47±0.51 3.47±0.58 .998
Serum iron (mg/dl) 86.3±38.7 90.8±45.3 85.2±36.8 .239
Hemoglobin (g/dl) 12.7±1.8 12.6±2.0 12.8±1.8 .317
Total cholesterol (mg/dL) 168.4±36.7 169.1±40.8 168.2±35.7 .843
LDL-C (mg/dl) 97.9±28.6 100.5±32.2 97.2±27.6 .324
HDL-C (mg/dl) 50.9±13.8 51.3±13.9 50.8±13.8 .591
Triglyceride (mg/dl) 118.0±60.1 116.3±56.5 118.5±61.1 .754
Hs-CRP (mg/L) 0.08 [0.03–0.21] 0.10 [0.05–0.23] 0.08 [0.03–0.21] .276
Loop or thiazide diuretics (%) 23.7 30.4 21.9 .099
MRA (%) 10.4 12.0 10.0 .702
ACEI or ARB (%) 63.1 62.0 63.3 .810
bblockers (%) 45.1 47.8 44.4 .639
CCB (%) 58.8 58.7 58.9 1.000
Statins (%) 66.8 67.4 66.7 .902
Magnesium preparations (%) 16.4 13.0 17.2 .351

Data are the mean ± standard deviation (SD), median (interquartile range), or percentage.
ACEI= angiotensin-converting enzyme inhibitors, ARB= angiotensin-II receptor blockers, baPWV=brachial-ankle pulse wave velocity, BMI=body mass index, BNP=B-type natriuretic peptide, BP=blood
pressure, CCB=calcium channel blockers, eGFR= estimated glomerular filtration rate, HDL-C=High-density lipoprotein cholesterol, HF=heart failure, Hs-CRP=high-sensitivity C-reactive protein, IHD=
Ischemic heart disease, LAD= left atrium diameter, LDL-C= Low-density lipoprotein cholesterol, LVDd= left ventricular end-diastolic dimension, LVEF= left ventricular ejection fraction, LVMI= left ventricular
mass index, MRA=mineralocorticoid receptor antagonists, NYHA=New York Heart Association.
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By univariate Cox hazard analysis, thirteen variables were
identified as significant predictors (previous hospitalization for
HF, ischemic heart disease, atrial fibrillation, hypertension,
chronic kidney disease, LVEF, left atrium diameter, E/e’, LVmass
index, serum sodium, hemoglobin, Ln-BNP, and sMg < 2.0mg/
dl). In a multivariate Cox proportional hazard analysis including
4

factors identified in the subanalysis of the I-PRESERVE trial (age,
previous hospitalization for HF, DM, and Ln-BNP; 4 prognostic
factors [PF4])[20] by forced entry methods, an sMg < 2.0mg/dl
was independently and significantly associated with HF-related
events (hazard ratios [HR]: 2.365, 95% confidence intervals [CI]:
1.267–4.413, P= .007).



Figure 3. Kaplan–Meier analysis for the probability of heart failure (HF) related
events in HF patients with preserved left ventricular ejection fraction according
to serum magnesium (sMg) levels. The 0 time point in the x-axis indicates
discharge day of the qualifying HF hospitalization.
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3.5. Continuous net reclassification improvement

We reclassified the risk of HF-related events after adding the
lower sMg to the PF4 determined by subanalysis of the I-
PRESERVE trial[20]; the continuous net reclassification improve-
ment (NRI) was 29.0% (P= .041) (Table 3).
Table 2

Cox hazard analyses of HF-related events in HFpEF patients.

Univariate regression

HR 95% CI P H

Age (per years) 0.994 0.964–1.024 .679 0.9
Male sex 0.895 0.508–1.577 .702
BMI (per kg/m2) 1.030 0.951–1.116 .464
Previous hospitalization for HF 6.453 3.661–11.375 .000 3.1
Ischemic heart disease 0.434 0.236–0.799 .007
Diabetes mellitus 1.106 0.600–2.037 .747 1.2
Atrial fibrillation 3.153 1.7877–5.564 .000
Hypertension 0.369 0.208–0.655 .001
Dyslipidemia 0.725 0.389–1.351 .311
Chronic kidney disease 2.479 1.346–4.566 .004
History of smoking 0.697 0.388–1.250 .225
LVEF (per %) 0.933 0.888–0.979 .005
LVDd (per mm) 0.986 0.936–1.039 .595
LAD (per mm) 1.096 1.059–1.135 .000
E/e’ (per 1.0) 1.091 1.042–1.142 .000
LVMI (per 1.0) 1.012 1.007–1.017 .000
sMg (per mg/dl) 0.485 0.121–1.942 .307
sMg < 2.0 mg/dl 2.118 1.162–3.861 .014 2.3
Serum sodium (per mEq/L) 0.882 0.805–0.987 .008
Hemoglobin (per g/lL) 0.752 0.645–0.877 .000
Ln-BNP (per 1.0) 2.864 2.215–3.704 .000 2.4

Model 1: age, previous hospitalization for HF, diabetes mellitus, Ln-BNP and sMg < 2.0mg/dl.
Model 2: previous hospitalization for HF, hypertension, LVMI, hemoglobin, Ln-BNP and sMg < 2.0mg/
CI= confidence interval, HR=hazard ratio, Ln-BNP=natural logarithmic transformed B-type natriuretic
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4. Discussion

The main feature of the present study was that there was an
association between sMg, and HF-related events among a
prospective cohort of patients with HFpEF. The main findings
were as follows:
1.
R

84

35

76

65

66

dl.
pept
Kaplan–Meier curve revealed a significantly higher probability
of HF-related events in the lower sMg group compared with
the higher sMg group;
2.
 Multivariate Cox-proportional-hazard analysis revealed that
the lower sMg group had significantly and independently
higher probabilities of HF-related events compared with the
higher sMg group;
3.
 The NRI was significant when the lower sMg level was added
to the PF4 (age, previous hospitalization for HF, DM, ln-
BNP).

To the best of our knowledge, this report is the first to describe
a close association between sMg and HF-related events in
patients with HFpEF despite some limitations.
Mg deficiency tends to occur in HF patients. The mechanism of

this deficiency is a combination of the following:
1.
 reduction in calorie intake by anorexia due to gastrointestinal
congestion or an absorption disorder from the intestinal tract;
2.
 Mg2+ chelating action enhancement of sympathetic nerve
activity and an increase in serum free fatty acid;
3.
 increases in urinary Mg2+ excretion due to secondary
aldosteronism and increases in the antidiuretic hormone;
4.
 increases in urinary Mg2+ excretion by diuretics and digitalis
used for the treatment of HF; and
5.
 further aldosterone secretion from the adrenal cortex spherical
layer due to hypomagnesemia, which forms a vicious circle.
Model 1 (I-PRESERVE) Model 2

95% CI P HR 95% CI P

0.956–1.013 .277

1.690–5.815 .000 2.969 1.603–5.500 .001
Not selected

0.685–2.378 .442
Not selected

0.461 0.257–0.828 .010

Not selected

Not selected

Not selected
Not selected

1.009 1.004–1.014 .001

1.267–4.413 .007 2.155 1.149–4.044 .017
Not selected

0.828 0.715–0.959 .012
1.877–3.240 .000 2.293 1.707–3.082 .000

ide level.
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Table 3

C-Statistics and net reclassification improvemen (NRI) for theCox hazardmodel to predict HF-related events in patientswithHFpEFby the
addition of serum magnesium (sMg) to the base model.

C-statistic NRI

value 95% CI P value value 95% CI P value

Base model 0.836 0.771–0.901
Base model + lower sMg 0.847 0.783–0.910 .110 0.290 0.012–0.567 .041

Base model; age, previous hospitalization for HF, diabetes mellitus, ln-BNP.
CI= confidence interval.
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Secretion of aldosterone is stimulated by K+, Ca2+, and
suppressed by Na+, Mg2+.
In elderly patients with HF, HFpEF is the more common type

compared with non-elderly HF patients.[21] It is believed that, due
to aging, the LV experiences more hypertrophy, leading to an
increased prevalence of hypertension and that due to aging, LV
remodeling, and myocardial fibrosis progress, resulting in a
decrease in LV compliance.[22] As the LV diastolic capacity
declines, the left atrial pressure rises and the left atrium is
expanded, which is a risk factor for future cardiovascular
disease.[23] In HFpEF, there are many comorbidities outside the
heart, but because elderly people already have various comor-
bidities related to the body fluid volume and maximum oxygen
uptake, such as chronic kidney disease and pulmonary diseases,
HF tends to occur, even with mild contraction reduction.[24]

Many body fluid electrolyte abnormalities are often found in
HF,[25]which is 1 reasonwhymergers of renal dysfunction are very
frequent inHF. Indeed, the results of the present study also showed
a significant reduction in renal function in the groupwith theworst
prognosis. In addition, hemodynamic abnormalities (circulatory
plasma volume, cardiac function, blood pressure), neurological
factors (such as sympathetic nervous system), hormonal actions
(such as RAS and vasopressin),[25] and treatments (especially
diuretics) are complicatedly involved in the pathophysiology of
HF, which is itself a cause of electrolyte abnormality.
No drugs that improve the prognosis of HFpEF patients have

been found to date. The Japanese Diastolic Heart Failure (J-DHF)
study[25] suggested the usefulness of b-blockers, but in random-
ized large-scale clinical trials, such as the Perindopril in Elderly
People with Chronic Heart Failure (PEP-CHF) trial,[26] which
used angiotensin converting enzyme inhibitors, in addition to the
Candesartan in Heart Failure-Assessment of Reduction in
Mortality and Morbidity-Preserved (CHARM-Preserved) tri-
al[27] and I-PRESERVE trial,[28] both of which used angiotensin
receptor antagonists (ARBs), did not show the usefulness of drug
treatments. Additionally, the usefulness of isosorbide mononi-
trate in HF treatment was not found in the Nitrate’s Effect on
Activity Tolerance in Heart Failure with Preserved Ejection
Fraction (NEAT-HFpEF) trial.[29] On the other hand, in the
Prospective comparison of ARNi with ARB on Management of
heart failure with preserved ejection fraction (PARAMOUNT)
trial[30] on HFpEF patients with angiotensin receptor-neprilysin
inhibitors (ARNi),[31,32] LCZ696 (valsartan/sacubitril, Entresto)
not only improved theNYHA cardiac function classification after
36 weeks compared with HFpEF patients taking an ARB but also
improved the renal function. From this observation, ARNi
modications are expected to improve the prognosis of HFpEF
patients. Spironolactone (Aldactone), an aldosterone antagonist,
is recommended in the HF guidelines because it improves the
prognosis of HFrEF patients.[33] In the Aldo-DHF trial,[24]
6

spironolactone improved the LV dilations and the N-terminal
pro-BNP levels in patients with HFpEF and it significantly
decreased HF hospitalizations in the Treatment of Preserved
Cardiac Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) study.[34] One of the physiological conditions of
HFpEF is that due to a sharp increase in left atrial pressure during
exercise, pulmonary edema occur can occur. Focusing on the
increase in the left atrial pressure, the REDUCe Elevated Left
Atrial Pressure in Patients with Heart Failure (REDUCE LAP-
HF) study[35] was conducted by mechanically creating a left-to-
right shunt with a catheter between the left and right atria to relief
pressure and improve symptoms.
Accumulating clinical evidences indicates that hypomagnese-

mia and hypermagnesemia are associated with a worse outcome
in HF, according to a meta-analysis that was performed
recently.[36] However, these cited references included a combina-
tion of HFrEF and HFpEF patients, and no examination limited
to HFpEF patients has previously been performed. These 2
pathological conditions are largely different, and as mentioned
above, their therapeutic effects, as well as the prognosis,[9,10] are
different; thus, we believe that HFrEF andHFpEF patients should
be managed differently.
Because we did not investigate the biological basis for the

determination of the HF-related event rates according to sMg
that we found, little is known about the potential underlying
mechanisms. However, we expect further examinations will be
performed on this topic, including animal experiments.
Our findings indicate that lower sMg levels significantly

correlate with HF-related events in patients with HFpEF. After
adjusting for various clinical parameters, a low sMg level is still
an independent predictor. The NRI was significant when the
lower sMg level was added to the PF4. The underlying
mechanisms of HF-related events in the lowMg group in HFpEF
patients still remain unknown. Although we mentioned above
that HFpEF and HFrEF differed according to pathological
conditions, we believed that results similar to those found in
HFrEF patients[37–39] will depend on HF treatments and the
nutritional statuses caused by the treatments, rather than the
mechanism of HF.
In the present study, we mentioned the importance of sMg

management in HFpEF. There is a possibility for improving the
prognosis of cardiovascular disease itself by positively interven-
ing against Mg concentration abnormalities in the future.
Therefore, our present work provides data that indicates that
sMg levels not only provide important prognostic information
regarding HFpEF patients but also that targeting optimal sMg
levels might be a promising therapeutic target of HFpEF.
Furthermore, recently, new classification criteria for HF have
been proposed, and it is desirable to identify the pathology of
each disease condition.
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4.1. Study limitations

The present study has some limitations. First, it was a single
center design with a relatively small population. Therefore, a
larger multiracial andmulticenter study is required. Second, there
were fewer patients with sMg < 2.0mEq/L compared with the
other group, which is thought to be because the patient samples
were collected after medical therapy was initiated. Third, the
group with the worst prognosis had significantly worse renal
function. Thus, there is the possibility that a poor prognosis
associated with a decline in renal function, rather than an
electrolyte, could not be ruled out.
4.2. Future directions

Together with the aging society, which is progressing rapidly
worldwide, cases of HF are steadily increasing, and 500,000
individuals are newly diagnosed in the United States annually as
HF,[40] which is also a social problem. Under these circumstances,
understanding of pathology of HFpEF and appropriate inter-
ventions are considered important subjects in the future.
Although the pathology of HFpEF remains poorly understood,
the establishment of a new risk stratification tool is an urgent
issue in modern society. The specific factors influencing the
association between sMg and HF are unclear, and the extent to
which these factors may contribute to the relationships of both
sMg and the promotion of HF risks is unknown. Thus, further
pathophysiological and molecular physiological studies, includ-
ing animal experiments, are warranted. Although the sMg levels
is highly expected to have clinical value, large-scale clinical
studies are required to confirm its value. Therefore, additional
detailed, prospective, multi-center studies are warranted to verify
this precise usefulness.
5. Conclusions

Despite the limitations of our study, we demonstrated that lower
sMg level was significantly correlated with the occurrence of
future HF-related events in HFpEF patients. sMg level might be
able to successfully predict future HF-related events, and
management of sMg in HFpEF patients might be thus important.
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