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Abstract

Purpose Left ventricular hypertrophy (LVH) represents one of the main risk factors for cardiovascular mortality in dialysis
patients. Low serum magnesium Mg is related with increased mortality in general and dialysis population. Aim of our study
was to evaluate the association of Mg with LVH and cardiac geometry in dialysis patients.

Methods Hemodialysis (HD) and peritoneal dialysis (PD) patients from nine nephrology departments were included. Echo-
cardiographic LVH was defined by LV mass index > 95 g/m? in women and > 115 g/m? in men. Four LV geometric patterns
were defined: normal, concentric remodeling, eccentric LVH and concentric LVH. Demographic and laboratory data were
collected.

Results 133 patients (68 HD, 65 PD) with a median age of 63 years (IQR 52-74) were studied. Mg correlated positively
with creatinine, HDL and negatively with CRP levels and BMI. There were no significant differences in Mg between the
modality groups. 80 patients presented LVH (43 HD and 37 PD patients). Patients with LVH were older (median age 68 vs
55 years, p <0.001), with higher BMI (median 26.9 vs 24.7 kg/m?, p=0.009), had a history of PVD or CAD (55% vs 30.2%,
p=0.003), had higher pulse pressure (median 60 vs 50, p=0.017), MIS score (median 5 vs 4, p=0.011), lower albumin
(median 3.5 vs 3.8 g/dl, p=0.011) and Mg levels (median 2.1 vs 2.4 mg/dl, p <0.001). In univariate analysis age, CVD
comorbidities, pulse pressure, CRP, BMI, albumin, Mg, MIS and use of b-blockers or calcium blockers were LVH predic-
tors. In multivariate analysis, Mg was an independent predictor of LVH, adjusted for age, MIS and b-blockers. Considering
LV geometry, lower Mg levels were mainly correlated with concentric LVH.

Conclusion Low serum magnesium levels seem to be an independent factor for LVH in hemodialysis and peritoneal dialysis
patients.
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Introduction

Cardiovascular disease is the leading primary cause of
death in both hemodialysis (HD) and peritoneal dialysis
(PD) patients, as it accounts for almost 55% of all deaths
[1]. Left ventricular hypertrophy (LVH) represents one of
the main risk factors responsible for the high incidence
of cardiovascular disease (CVD) and is highly prevalent
in the chronic kidney disease (CKD) population from the
early stages of renal disease [2, 3]. Regarding geometrical
pattern of left ventricular mass (LVM), four patterns can
be distinguished; a) normal LVM b) “normal” geometry
(NG) and concentric remodeling (CR) c) concentric left
ventricular hypertrophy (cLVH) and d) eccentric left ven-
tricular hypertrophy (eLVH) [4]. This information is clini-
cally relevant, because according to studies in cohorts of
the general population and patients with essential hyper-
tension, abnormal patterns of LV geometry adversely
affect prognosis, with higher risk of CV events and all-
cause mortality particularly evident in patients with con-
centric LVH [5, 6]. Similar data in CKD populations are
sparse [7, 8] and eccentric LVH is most prevalent in dial-
ysis-dependent CKD stage 5 (CKDS5D) while in non- CKD
patients cLVH is the commonest. In the same population
the risk of sudden death, which accounts for one quarter
of all deaths and one half of CVD mortality, is fivefold
greater in patients with eLVH than with cLVH [9].

The mechanisms that are involved in the pathophys-
iology of LVH in CKD patients are quite complex and
interactive [10]. Systemic arterial resistance, hyperten-
sion and large-vessel compliance due to aortic calcifica-
tion (afterload-related factors) and hypervolemia and ane-
mia (preload-related factors) are the most important ones.
However, processes seemingly unrelated to both afterload
or preload, like inflammation, oxidative stress and the par-
athyroid hormone (PTH)-vitamin D—phosphate axis are
also emerging as important in the production of LVH in
patients with CKD. An underrated pathogenetic factor that
could link vascular calcification, LVH and high mortality
in this population might be serum magnesium [11-13]. In
a population-based longitudinal study, LVH was signifi-
cantly higher in subjects with lower magnesium [14]. A
recent meta-analysis adjusting for various prognostic fac-
tors showed that there was a strong association between
hypomagnesemia and the risk of all-cause mortality—in
hemodialysis patients [15], while in PD patients lower
magnesium levels were also associated with CVD mortal-
ity [16]. In a cohort of European hemodialysis patients,
hypomagnesemia was associated with sudden deaths [17].

Despite magnesium link with LVH and mortality in
CKD patients, magnesium status is infrequently assessed
in clinical practice while sparse trials have addressed
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the issue and its potential target for treatment. In dialy-
sis populations there is only one study in hemodialysis
patients [18] where lower magnesium concentrations were
independent predictors of LVM and vascular calcification
score. To our knowledge, there are no relevant data in PD
patients. So far, no study has demonstrated a possible rela-
tion of magnesium with different LVH patterns in CKD
populations.

The aim of our study was to evaluate the role of serum
magnesium on LVH both in HD and PD patients. Moreover
we aimed to assess any correlation of serum magnesium
with different cardiac geometry patterns in dialysis patients.

Methods

This cross sectional study included prevalent patients on
dialysis (HD and PD) from nine nephrology departments
in Greece from 01/01/2018 to 31/12/2018. Inclusion cri-
teria were (a) age > 18 years old (b) dialysis vintage more
than 3 months and (c) stable clinical condition (asympto-
matic patients without recent hospitalization for any rea-
son). Exclusion criteria were (a) incident patients (b) recent
(1-6 months) major surgical procedure (c) active cancer (d)
autoimmune disease (e) short life expectancy (less than a
year). This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures
involving patients were approved by the Ethics Commit-
tee of the University Hospital of Athens, Attikon. Writ-
ten informed consent was obtained from all participants at
enrolment.

Demographic and biochemical data

Demographic and clinical characteristics, including age,
sex, primary renal disease, dialysis duration, comorbidity
including arterial hypertension, diabetes, and CVD (coro-
nary artery disease CAD, congestive heart failure, stroke
and peripheral vascular disease (PVD)] at enrolment were
reviewed. Biochemical data, including serum albumin,
serum magnesium (Mg), high-sensitivity C-reactive pro-
tein (CRP), serum lipid profile, serum calcium (corrected
for albumin), serum phosphate, serum potassium (K) and
sodium(Na), intact PTH, serum creatinine and urea, were
collected at enrolment before midweek session in hemodi-
alysis patients and at the routine visit at the unit in peri-
toneal dialysis patients. Data about medication such as
statins, b-blockers, calcium channel blockers (CCB) and
renin-angiotensin system (RAS) inhibitors (ACE/ARBs)
were also collected. The normal reference range for Mg
levels in this study was 1.5-2.5 mEq/L. Serum Mg values
(as well as all biochemical parameters) were defined as the
mean of all predialysis measurements available during the
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preceding 3 months. Blood pressure (systolic, diastolic and
pulse pressure) were defined as the mean of all predialysis
(in HD) and monthly office (in PD) measurements during the
preceding 3 months. Pulse pressure (PP) was calculated by
the formula PP =SBP — DBP (SBP, systolic blood pressure;
DBP, diastolic blood pressure).

Malnutrition-Inflammation Score-MIS assessments were
performed in all patients by their physician at enrolment.
MIS score is a tool for assessing nutritional status and
inflammation in CKD patients. It has four sections (nutri-
tional history, physical examination, BMI, and laboratory
values) and 10 components. Each component has four levels
of severity, from O (normal) to 3 (severely abnormal). The
sum of all 10 MIS components can range from 0 (normal)
to 30 (severely malnourished); a higher score reflects a more
severe degree of malnutrition and inflammation [19].

Echocardiographic readings were performed by trained
and certified personnel according to published recommen-
dations [4]. Echocardiographic LVH was defined by LV
mass index (LVMI)> 95 g/m? in women and > 115 g/m? in
men. Based on LVMI and relative wall thickness (RWT),
four LV geometric patterns were defined: normal (normal
LVMI and RWT), concentric remodeling (normal LVMI and
increased RWT > 0.42), eccentric LVH (increased LVMI and
normal RWT) and concentric LVH (increased LVMI and
RWT>0.42).

Statistical analysis

Descriptive statistical analysis was performed for all data;
continuous variables were summarized with the use of medi-
ans (25th—75th percentiles) and categorical variables were
displayed as frequency tables (N, %). Standard statistical
tests were used to assess univariate associations between
categorical (Fisher’s exact tests or Pearson chi-square test or
categorical and continuous variables (Two-sample Wilcoxon
rank-sum test, 7-test). Shapiro—Wilk W test was performed
to evaluate the normality for each continuous variable com-
bined with graphical methods. Box plots and histograms
were used for graphical presentation of differences and
trends between covariates. Laboratory variables (apart from
CRP levels) were presented and analyzed only in continu-
ous forms. Logistic regression was implemented to describe
the relationship between LVH (dependent variable) and our
covariates. Selection of influential variables was done by a
combination of clinical and statistical criteria; all variables
with p-value in univariate analysis of less than 0.15 were
selected. A cut-off point for serum Mg was chosen according
to the Youden Index (J) which optimizes the differentiating
ability when equal weight is given to sensitivity and speci-
ficity. All covariates apart from potassium and sodium had
a percentage of missing values less than 7%; potassium and

sodium were both excluded from candidates for the mul-
tivariate model. Stepwise backward-selection method was
chosen, starting with all candidate explanatory variables and
removing terms with p >0.05. Our final model was checked
for overfitting, multicollinearity and influential observations.
Interactions between variables were checked by including
interaction terms in the multivariate model. Pearson residu-
als, Deviance residuals and leverage were graphed against
either the predicted probabilities or the case numbers. Mul-
tiple imputations methods for missing data were not used.
Results with p-value of <0.05 were considered statistically
significant, and results with 0.05 <p <0.10 suggestive. All
statistical analyses were performed using STATA/SE 16.1
software (Copyright 1985-2019; StataCorp LP, College Sta-
tion, Texas, USA).

Results

The study included 133 patients (79 male/54 female) with
stage CKD- 5D (68 on HD and 65 on PD). The median
age was 63 years old (IQR 52-74) and median total dial-
ysis time was 37 months (IQR 20-67). 28.6% of patients
were diabetics and 75.9% hypertensive, while 32.3% had
a history of PVD, 27.8% CAD, 12.8% stroke and 18.8%
were current smokers. All HD patients used dialysis solu-
tion with 0.5 mEq/L Mg concentration, while half of PD
patients used dialysis solution of 0.5 mEq/L Mg and rest
of them 0.25 mEq/L Mg concentration. Regarding calcium
dialysis solution concentration, the majority of PD patients
(64.6%) had a 1.75 mEq/L solution, while 47% of HD used
a 1.5 mEq/L calcium concentration dialysis solution. Table 1
presents the main demographic and laboratory characteris-
tics of the patients in the whole and according to the dialysis
modality. Overall, Mg levels correlated positively with cre-
atinine levels, HDL, use of statins and negatively with CRP
levels and body mass index (BMI). There were no signifi-
cant differences in Mg levels between the modality groups
(Fig. 1).

80 patients presented LVH (43 HD and 37 PD patients)-
median LVMI 126 gr/m2 (116.5-140.5). There were no dif-
ferences in LVH prevalence in the dialysis modalities (57%
in PD vs 63% in HD) while overall eccentric and concentric
patterns were the commonest (30.8 and 29.3% respectively).
PD patients had higher prevalence of concentric remodeling
and concentric LVH comparing with HD patients (24.6 vs
10.3% and 34 vs 25%, respectively) while eLVH was more
common in HD comparing with PD patients (38 vs 23%).
Patients with LVH were older (median age 68 vs 55 years,
p<0.001), with higher BMI (median 26.9 vs 24.7 kg/m2,
p=0.009), had a history of PVD or CAD (55 vs 30.2%,
p=0.003), had higher pulse pressure (median 60 vs 50,
p=0.017), MIS score (median 5 vs 4, p=0.011), lower
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Table 1 Clinical and laboratory characteristics of the patients in the whole and according to dialysis modality

Total Hemodialysis (N =68) Peritoneal dialysis (N=65) p-value
(N=133)

Age (years) 63 (52-74) 62.5 (51.5-75) 63 (52-74) 0.94
Dialysis time (months) 37 (20-67) 32.5 (15-56.7) 44.8 (28-101) 0.011
SBP (mmHg) 134 (120-144) 133 (120-143) 135 (120-146) 0.93
DBP (mmHg) 75 (65-87) 74 (65-86) 77 (67-90) 0.2
PP (mmHg) 57 (45-67) 59.5 (46-67) 54 (40-67) 0.27
BMI (kg/m?) 26 (23.2-28.7) 26.1 (23.6-26.9) 26 (23.1-28.2) 0.28
Creatinine (mg/dl) 8.3 (6.5-10.6) 8.4 (6.7-10.6) 8.2 (6-10.8) 0.86
Urea (mg/dl) 129 (105-150) 128.5 (107-148.5) 129 (97-150) 0.37
TRG (mg/dl) 142 (106-183) 130.5 (103.5-189) 149 (107-177) 0.50
Total Chol (mg/dl) 158 (128-188) 132 (114-167) 174 (147-194) <.001
HDL (mg/dl) 41 (35-49) 36 (31.4-43) 48 (39-55) <.001
LDL (mg/dl) 84 (59-107) 65.5 (52-85) 96 (78-116) <.001
Serum Ca (Corrected) mg/dl 9.3 (8.9-9.8) 9.3 (8.9-9.8) 9.3 (8.9-9.7) 0.3
Albumin (g/dl) 3.6 (3.34) 3.5@3.14.1) 3.7 (3.54) 0.38
Phosphate (mg/dl) 4.6 (4.1-5.6) 4.6 (4.1-5.8) 4.6 (4.1-5.4) 0.81
CaxP 43.6 (37.3-52.7) 42.5 (38.2-56.7) 44.1 (37-50.9) 0.43
iPTH (pg/ml) 265 (146-403) 303 (166-427.5) 256 (138-399.5) 0.21
Mg (mg/dl) 22(1.9-2.4) 2.1 (2-2.3) 2.3 (1.9-2.6) 0.083
K (mEq/L) 4.5 (4.1-5.1) 5.1 (4.5-5.6) 4.4 (4-4.9) <.001
Hb (g/dl) 11.7 (11-12.3) 11.8 (11.2-12.2) 11.5 (10.6-12.4) 0.16
CRP (mg/L) 3.1 (1-7.8) 6.3 (3.1-17.4) 1(0.3-3.1) <.001
MIS score 4 (3-6) 4 (3-5) 5(3-7) 0.016

Values are expressed as median (25th—75th percentile)

hemodialysis peritoneal Total

3.59

259

Mg (mg/dl)

Fig.1 Serum magnesium levels between the dialysis modality groups

albumin (median 3.5 vs 3.8 g/dl, p=0.011) and Mg levels
(median 2.1 vs 2.4 mg/dl, p<0.001) (Table 2).

In univariate analysis age, CVD comorbidities, pulse
pressure, CRP, BMI, albumin, Mg, MIS and use of b-block-
ers or CCB were LVH predictors. Factors with p <0.15 such
as creatinine, CRP, diabetes, ACE/ARB, CCB, smoking, cal-
cium were also included in a stepwise multivariate logistic
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regression model. BMI and albumin levels were not included
in the multivariate analysis because MIS score entails these
parameters. Mg was an independent predictor of LVH, along
with age, MIS and use of b-blockers (Table 3). Each increase
of serum Mg by 1 mg/dl was associated with 89% lower
odds of having LVH. Considering LV geometry, over Mg
levels were mainly correlated with concentric LVH (Fig. 2)
and not with eccentric LVH or concentric remodeling.

Discussion

Our study found that low serum magnesium levels are
strongly correlated with LVH in HD and PD patients. This
finding was stable and robust even adjusted for multiple fac-
tors. HD patients had a higher prevalence of eccentric LVM
pattern comparing with PD and low serum magnesium was
mainly correlated with concentric LVH, a finding which is
reported for the first time in literature. Low Mg in CKD
patients could be due to inadequate diet intake, medication
and low dialysate Mg concentration. In most relevant stud-
ies, it is correlated with malnutrition markers like serum
albumin, creatinine and phosphorus levels (14) or inflam-
mation- mainly assessed by CRP (15-17). In our study, Mg



International Urology and Nephrology (2023) 55:1015-1023 1019

Table2 Clinical and laboratory Without LVH (N=53) LVH (N=80) p-value

characteristics of the patients

according to LVH Age (years) 55 (45-64) 68 (55.5-76) <.001
Dialysis time (months) 37 (14-73) 37.5 (22.5-66.5) 0.53
SBP (mmHg) 128 (120-140) 139.5 (120-146) 0.17
DBP (mmHg) 76 (65-90) 74 (66-85) 0.65
PP (mmHg) 50 (40-63) 60 (50-70) 0.017
MAP (mmHg) 92.3 (83.3-106) 93.3 (87-104.7) 0.73
BMI (kg/m?) 24.7 (22.3-27.7) 26.9 (24.3-29.7) 0.009
Creatinine (mg/dl) 9(6.8-11.7) 7.7 (6.5-10) 0.097
Urea (mg/dl) 132 (106-158) 128 (105-145) 0.53
TRG (mg/dl) 148 (115-177) 133 (104-190) 0.55
Total Chol (mg/dl) 158 (130-185) 158.5 (126-188) 0.59
HDL (mg/dl) 43 (35-50) 39.5 (35-48) 0.18
LDL (mg/dl) 85 (64-110) 82.5 (57-105) 0.38
Serum Calcium Corrected (mg/dl) 9.2 (8.9-9.6) 9.3 (8.9-9.8) 0.19
Albumin (g/dl) 3.8(3.54.1) 3.5(3.1-3.9) 0.011
Phosphate (mg/dl) 4.6 (4.1-5.4) 4.6 (4.1-5.8) 0.97
CaxP 42.5 (36.1-50.5) 44.2 (38.2-54.2) 0.37
iPTH (pg/ml) 306 (146-400) 250 (147-407) 0.51
Mg (mg/dl) 2.4 (2.1-2.7) 2.1(1.9-2.3) <.001
K (mEg/L) 4.8 (4-5.2) 4.4 (4.2-4.9) 0.34
Na (mEq/L) 138 (137-140) 137.5 (136-139) 0.07
Hb (g/dl) 11.7 (10.8-12.3) 11.7 (11.1-12.2) 0.83
CRP categorical (<4 mg/L) % 37 (69.8%) 43(53.8%) 0.068
MIS score 4 (3-5) 5(3-6) 0.011
PVD/CAD % 16(30.2%) 44(55%) 0.003
b-blockers % 31(58.5) 60(75) 0.045
Calcium channel blockers% 16(30.2) 39(48.8) 0.017

Values are expressed as median (25th—75th percentile)

levels in hemodialysis and peritoneal dialysis patients were
negatively correlated with CRP and BMI, but we did not
find any correlation with albumin. On the other hand, Mg
was positively correlated with creatinine, HDL cholesterol
and statin use. BMI is an inaccurate index of nutritional
status as higher levels could imply only hypervolemia and
not increased fat mass or better nutrition (18). Regarding
higher HDL cholesterol levels apart from their association
with survival (19), it seems to be related with higher albu-
min [20] and higher Mg levels [21]. So overall our results
are in concordance with other studies (15, [18, 22], as all
these interrelated factors are involved in the pathogenesis
of malnutrition and inflammation.

In the general [23, 24] and HD populations [25, 26] sev-
eral studies have shown an association between low serum
Mg levels and higher all-cause and cardiovascular mor-
tality and sudden cardiac death. In contrast, the data for
patients undergoing PD are substantially more limited. In
a prospective study, lowest Mg levels were independently
associated with 2.28 fold increased cardiovascular mortal-
ity [27] while in a large USA database lower serum Mg

levels were associated with higher risk of hospitalization
particularly among those with hypoalbuminemia [28]. In
HD, the pathophysiological link between hypomagnesemia
and mortality may be attributed to endothelial dysfunc-
tion [29], higher pulse pressure and vascular calcification
[18], more arrhythmias [30] and malnutrition-inflammation
syndrome [31] as hypomagnesemia correlates with hypoal-
buminemia, hypophosphatemia and higher CRP levels. In
PD populations vascular calcifications seem to be again the
important connection between Mg levels and mortality, as
higher serum Mg level was associated with a lower abdomi-
nal aortic calcification score [32].

Another important link appears to be the development
of LVH. In dialysis patients, the severity and persistence
of LVH are strongly associated with mortality risk and
cardiovascular events [2]. LVH is a multifactorial com-
plication which etiology involves interrelated factors like
anemia, hypertension, hypervolemia, increased systemic
arterial resistance and reduced large-vessel compliance
due to aortic calcification [33]. Reffelman et al. [14] was
the first to study magnesium levels and LVH prospectively

@ Springer



1020

International Urology and Nephrology (2023) 55:1015-1023

Table 3 Univariate and

ST o . Variables Univariate Multivariate
multivariate logistic regression
results of association between OR (95% CI) p-value OR (95% CI) p-value
potential risk factors with LVH
Age 1.05 (1.02-1.08) <0.001 1.04 (1.01-1.07) 0.012
Mg 0.13 (0.05-0.38) <0.001 0.11 (0.03-0.4) 0.001
MIS 1.21 (1.04-1.41) 0.015 1.24 (1.04-1.47) 0.017
Blockers 0.047 2.93 (1.11-7.73) 0.03
No 1
Yes 2.13 (1.01-4.48)
BMI 1.11 (1.02-1.21) 0.014
Creatinine 0.9 (0.8-1.02) 0.098
Calcium (corrected) 1.49 (0.88-2.51) 0.13
Hb 0.96 (0.73-1.26) 0.77
Albumin 0.41 (0.2-0.83) 0.032
CRP 1.05 (0.99-1.1) 0.050
PP 1.03 (1.01-1.05) 0.019
PVD 0.015
No 1
Yes 2.71 (1.21-6.07)
CAD 0.01
No 1
Yes 3.2 (1.33-7.71)
Diabetes 0.107
No 1
Yes 1.95 (0.87-4.37)
ACE/ARB 0.13
No 1
Yes 1.73 (0.85-3.52)
CCB 0.018
No 1
Yes 244 (1.16-5.1)
Smoking 0.093
No 1
Yes/former 2.03 (0.89-4.62)
CRP 0.07
<4 mg/L 1
>4 mg/L 2.03(0.95-4.36)

(5 years) in a large general population cohort. The authors
found that in the lowest Mg -quintile (Mg <0.73 mmol/l),
LVM (187.4+3.1 g at baseline) increased by 14.9+1.2 g,
while in the highest Mg-quintile (Mg =0.85 mmol/l) LVM
(186.7 +3.4 g at baseline) decreased by —0.5+2.8 g
(p <0.0001 between quintiles). By multivariable analysis
including several cardiovascular risk factors and antihy-
pertensive treatment, serum Mg was associated with the
increase in LVM at a statistically high significant level.
In dialysis populations there is only one study in 200
HD patients [18] where lower Mg concentrations were
independent predictors of LVMI (> 140 g/m2, p=0.03),
increased PP (> 65 mm Hg, p =0.002) and higher vascular
calcification score (>3, p=0.01).
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Our study confirmed these results in HD population and
for the first time in PD patients. In univariate analysis age,
CVD co -morbidities, pulse pressure, Mg, CRP, BMI, albu-
min, MIS and use of b-blockers or calcium blockers were
LVH predictors. In multivariate analysis -apart from lower
Mg levels- higher age, higher MIS and use of b-blockers
remained predictors of LVH. Age is a standard risk factor
for LVH in all studies, while b-blockers (the most common
prescribed medication in our population — 68%) represent a
group of patients with CAD and hypertension. On the other
hand, MIS score characterizes inflammation and malnu-
trition which have a main role in the pathophysiology of
LVH too [34]. For the first time in literature, we found that
PD patients had mainly concentric LVH pattern, while HD
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normal concentric remodeling eccentric LVH concentric LVH Total

3.5

254

Mg (mg/dl)

Fig.2 Magnesium levels and different left ventricular patterns

presented mainly eccentric LVH, which agrees with litera-
ture data and is associated with sudden death [9]. However
lower Mg levels correlated mainly with concentric LVH, a
finding which is reported for the first time in literature and
it needs further studies to be confirmed.

How can low Mg be associated with LVH? Magnesium
and vascular calcification may be the main indirect patho-
genetic mechanism that could explain LVH. Moreover, Mg
correlates with LVH directly via fibrinogenesis in animal
studies mediated by the renin—angiotensin—aldosterone sys-
tem, as in magnesium-deficient rats circulating angiotensin
IT and aldosterone stimulate fibroblast activity in the heart
[35, 36]. Magnesium prevents osteogenic vascular smooth
muscle cell transdifferentiation and calciprotein particle
maturation and mineralization of the extracellular matrix
in vitro and in vivo models, which may be the mechanism
underlying its anti-calcification properties [37, 38]. In lim-
ited and small studies, supplementation of Mg in CKD [39,
40] and hemodialysis [41] patients seems to provide a pro-
tective role in slowing calcification of the arteries.

Our study has limitations. It is a retrospective, observa-
tional study and Mg levels were not assessed longitudinally.
Nevertheless, the study shows that Mg is an independent
predictor of LVH in both dialysis populations. Despite mag-
nesium link with LVH and mortality in CKD patients, Mg
status is infrequently assessed in clinical practice. Further-
more there is lack of randomized trials about the optimal
Mg levels in dialysis patients which could be beneficial in
terms of outcomes.

In conclusion, the development of LVH in dialysis
patients is a major mortality risk factor. Several complicated
mechanisms are involved in the pathogenesis of LVH and
low serum magnesium levels seem to be an independent risk
factor. Randomized controlled trials examining the optimal
serum magnesium in dialysis patients are needed.
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