
Citation: Gagliano, V.; Schäffeler, F.;

Del Giorno, R.; Bianchetti, M.;

Carvajal Canarte, C.F.; Caballero

Regueira, J.J.; Gabutti, L. Does

Ionized Magnesium Offer a Different

Perspective Exploring the

Association between Magnesemia

and Targeted Cardiovascular Risk

Factors?. J. Clin. Med. 2022, 11, 4015.

https://doi.org/10.3390/

jcm11144015

Academic Editor: Giovambattista

Desideri

Received: 27 May 2022

Accepted: 6 July 2022

Published: 11 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Does Ionized Magnesium Offer a Different Perspective
Exploring the Association between Magnesemia and Targeted
Cardiovascular Risk Factors?
Vanessa Gagliano 1,† , Fabian Schäffeler 2,†, Rosaria Del Giorno 2,3, Mario Bianchetti 2,4,
Cesar Fabian Carvajal Canarte 1, José Joel Caballero Regueira 1 and Luca Gabutti 1,2,*

1 Department of Internal Medicine, Clinical Research Unit, Regional Hospital of Bellinzona and Valli,
Ente Ospedaliero Cantonale, 6500 Bellinzona, Switzerland; vanessa.gagliano@eoc.ch (V.G.);
cesarfabian.carvajalcanarte@eoc.ch (C.F.C.C.); josejoel.caballeroregueira@eoc.ch (J.J.C.R.)

2 Faculty of Biomedicine, Università della Svizzera Italiana, 6900 Lugano, Switzerland;
fabian.schaeffeler@usi.ch (F.S.); rosaria.del.giorno@usi.ch (R.D.G.); mario.bianchetti@usi.ch (M.B.)

3 Angiology Service, University Hospital of Lausanne, 1011 Lausanne, Switzerland
4 Department of Pediatrics, Regional Hospital of Bellinzona and Valli, Ente Ospedaliero Cantonale,

6500 Bellinzona, Switzerland
* Correspondence: luca.gabutti@eoc.ch
† These authors contributed equally to this work.

Abstract: Evidence of the association of magnesium (Mg) with arterial stiffness has so far been
conflicting. The interplay between hypertension and elevated body mass index (BMI), with hypo-
magnesemia, instead, has been described in the literature in a more consistent way. Our study aims
at revisiting the correlations between blood Mg levels and hemodynamic and body composition
parameters in the general population, exploring the sensitivity profile of ionized Mg (Ion-Mg) com-
pared to total Mg (Tot-Mg). We collected data from 755 subjects randomly chosen from a Swiss
population previously described and stratified our sample into four equivalent classes according to
ionized (whole blood) and total (serum) magnesium. After correcting for age, statistically significant
differences emerged between: (i) Tot-Mg ≤ 0.70 and 0.81 ≤ Tot-Mg ≤ 0.90 for cf-PWV (p = 0.039);
(ii) Tot-Mg ≤ 0.70 and Tot-Mg ≥ 0.91 for o-PWV (p = 0.046). We also found a statistically signif-
icant difference among groups of Ion-Mg values for the 24 h extremes of systolic blood pressure
(p = 0.048) and among groups of Tot-Mg for BMI (p = 0.050). Females showed significantly lower
levels of total magnesium (p = 0.035) and ionized magnesium (p < 0.001) than males. The overall
agreement between magnesium analysis methods was 64% (95%CI: 60.8–67.7%). Our results confirm
that Ion-Mg compared with Tot-Mg offers a different profile in detecting both correlations with
hemodynamic and body composition parameters and dysmagnesemias. Lower levels of magnesium
were associated with worse arterial aging parameters, larger 24 h blood pressure excursions, and
higher BMI. Ion-Mg was superior in detecting the correlation with blood pressure only. Considering
Ion-Mg as a more specific marker of the magnesium status, and the partially contradictory results of
our explorative cross-sectional study, to avoid confounding factors and misinterpretations, ionized
magnesium should be used as reference in future studies.

Keywords: ionized magnesium; total magnesium; pulse wave velocity (PWV); arterial stiffness;
blood pressure; body mass index (BMI); body composition

1. Introduction

Being the fourth most abundant electrolyte and the second most abundant cation in the
intracellular compartment, magnesium (Mg) plays an important role in regulating many
cellular biochemical processes and physiological functions in the human body [1–3]. In the
brain, for instance, it influences receptor excitability, synaptic transmission, and neuronal
plasticity [2,4]; at the neuromuscular junction, it regulates neurotransmitter release, action
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potential conduction, and muscle contraction [5]; in the cardiovascular system, instead, it
helps in controlling myocardial contractility and the vascular tone [1–3].

Approximately 53% of total body magnesium is stored in the bone, 27% in the muscle,
and approximately 19% in soft tissues, whereas only 1% is in the extracellular compart-
ment. Serum magnesium may also be found either protein bound (~20%), complexed
with anions (~15%), or ionized (~65%), the last of which constitutes the electrophysi-
ological active form [6–8]. All of the abovementioned factors make the estimation of
magnesium status quite challenging and, for practical reasons, even if ionized mag-
nesium, total red blood cell magnesium, and the result of a magnesium loading test
could offer a more accurate estimation of the magnesium status, everyday medicine usu-
ally relies on the determination of total serum magnesium (Tot-Mg) [9]. In addition,
there is no overarching consensus regarding the exact range of adequate serum magne-
sium levels, so that different normality intervals have been suggested, both for research
and clinical purposes. As for Tot-Mg, 0.75–0.95 mmol/L [10], 0.70–1.00 mmol/L [11],
and 0.70–1.10 mmol/L [12] ranges have been frequently used, while for ionized magne-
sium (Ion-Mg), mainly 0.53–0.67 mmol/L [13] and 0.44–0.59 mmol/L [14] intervals have
been applied.

Appropriate Mg levels are maintained by a fine balance between dietary intake,
intestinal absorption and renal excretion, and the Mg shift from the extracellular to the
intracellular spaces [1,3]. When this equilibrium fails, hypomagnesemia or, less commonly,
hypermagnesemia ensue. Moreover, in the general population, hypomagnesemia has often
been linked to risk factors such as excess body mass [15,16], older age [3,17], and use of
medications, particularly proton pump inhibitors and diuretics [18,19].

Borderline alterations of magnesium levels may remain asymptomatic in a significant
number of cases [20]. Rarely, severe magnesium toxicity could lead to serious complica-
tions, some of them being loss of deep tendon reflexes; flaccid paralysis; respiratory depres-
sion; hypotension; prolongation of PR, QRS, and QT intervals; bradycardia; even cardiac
arrest [1,2,21–25]. Life-threatening conditions resulting from severe hypomagnesemia, on
the other hand, may include tetany, seizures, coma, ventricular arrhythmias up to torsades
de pointes, ischemic heart disease, and congestive heart failure [2,4,9,26,27].

Despite the recognized physiological implications of Mg in the homeostasis of the
cardiovascular system, there is still conflicting evidence concerning its impact on the insur-
gence of coronary artery disease, cardiovascular diseases [28], and hypertension [29–33].
Concerning hypertension, presumably via the effect of magnesium on vascular tone and
of the increase in angiotensin II, plasma aldosterone, and vasoconstrictive prostaglandins
observed in hypomagnesemia, magnesium intake and blood pressure inversely correlate [9].
Furthermore, extracellular magnesium inhibits calcium influx into the cells via calcium
channels and has vasodilatory effects on arterial smooth muscle cells [9]. Concerning
cardiovascular diseases, low levels of magnesium have been associated with dyslipidemia,
increased cellular oxidative stress, endothelial dysfunction, and platelet activation, all
known risk factors [9].

Little is known about the relationship between serum Mg and arterial stiffness, al-
though the mechanisms at the origin of the correlation with cardiovascular risk and hyper-
tension previously cited are likely to also influence it [34–38]. Confirming the relationship,
a past study showed a reduction in arterial stiffness (using pulse wave velocity as a
parameter) in overweight and obese adults when supplementing daily magnesium for
24 weeks [35]; the literature regarding this topic, however, remains scant.

Our study aimed at exploring the correlations of magnesemia with PWV, blood pres-
sure parameters, and body composition in the general population, investigating possible
advantages of using ionized Mg instead of total magnesium in terms of the ability to
highlight associations with pathological states.
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2. Materials and Methods

The present study was based on a cross-sectional analysis of a sample of general
population residents in southern Switzerland (Ticino), carried out in the years 2017 and
2018. Recruitment was based on a random sampling method via a mailing list provided by
the Swiss Federal Statistical Department. Briefly, the study aimed to explore vascular aging
and cardiovascular risk factors in adults [39,40].

From the initial population of 1202 individuals, only those in whom both total and ion-
ized magnesium had been measured were included in the present analysis. Unfortunately,
due to the temporary unavailability of the dedicated ionometer during the recruitment
phase of the original study, ionized Mg testing was not attainable for 369 participants. In
addition, PWV values were missing for 78 participants; therefore, 755 individuals were
enrolled in the final sample (Figure 1). Potential differences between included and excluded
patients were analyzed (Table A3).
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Figure 1. Flowchart showing the selection procedure of the participants.

For the measurement of ionized magnesium, as said before, an ionometer (Microlyte
6 Analyzer, KONE Instruments, Espoo, Finland) was used, while for total magnesium we
applied the photometric method (Xylidyl blue in alkaline solution) via a Cobas 8000 (Roche
Diagnostics, Rotkreuz, Switzerland) device. Pulse wave velocity (PWV) measurements
were obtained via two different methods and devices: oscillometric (Mobil-O-Graph, Indus-
trielle Entwicklung Medizintechnik und Vertriebsgesellschaft, Stolberg, Germany; brachial
pulse wave analysis; o-PWV) and tonometric (SphygmoCor, ACTOR, CardieX Limited,
Sydney, Australia; carotid-femoral pulse wave determination; cf-PWV) [40]. Carotid-
femoral PWV measurements were conducted on the patient’s dominant side in the supine
position, after 10 min of rest. Participants were instructed to abstain from caffeine and to-
bacco use for four hours before the examination. The pulse wave path length was estimated
by the software by entering the distance between both the carotid and the femoral artery
and the supra-sternal notch [40].

The 24 h ambulatory blood pressure monitoring (ABPM) was obtained by the same
device performing the oscillometric PWV measurement. Impedance parameters were
obtained with a BIA impedance analyzer (BIA 101, Akern Bioresearch, Firenze, Italy), and
the body composition was estimated using the software Bodygram Plus proposed by the
same company [40].

Descriptive statistics were reported as the mean (±SD) and median (range) for quanti-
tative variables and as frequencies and percentages for qualitative variables.



J. Clin. Med. 2022, 11, 4015 4 of 18

After descriptive statistical analysis of total magnesium and ionized magnesium, we
divided both variables into four categories (i.e., hypomagnesemia, low-normal values,
high-normal values, and hypermagnesemia) using the approach for frequency distribution
construction as suggested by Witte and Witte [41]. Alternative total magnesium and ionized
magnesium lower limits, respectively, set at 0.75 (Table A4) and 0.50 mmol/L (Table A6),
were also investigated.

Comparisons among groups were performed through one-way ANOVA followed
by Bonferroni post hoc analyses. ANCOVA was performed to account for PWV values
adjusted for age. Correlations were analyzed through Pearson’s correlation coefficient.
Normal distribution was verified through the skewness and kurtosis test and graph analysis.
Linear spline regression was used to investigate a possible nonlinear relationship between
total magnesium and Cf-PWV and o-PWV using the predetermined knots according to the
previous classification. Statistical significance was set at 5% (p ≤ 0.05). Statistical analyses
were performed through STATA17 (StataCorp., College Station, TX, USA).

3. Results
3.1. Patient’s Characteristics

Seven hundred and fifty-five patients were included in the study (435 females and
320 males) with a mean age of 54 (SD: 13; median: 54; range: 21–91) years. Patients in the
healthy weight range (18.5 ≤ BMI ≤ 24.9) were 53.4% of the total, 31.9% (n = 241) were in
a pre-obesity state (25.0 ≤ BMI ≤ 29.9), and 11.9% (n = 90) were obese (BMI ≥ 30.0). No
statistical differences between included and excluded patients, in terms of sex, age, BMI,
and hemodynamic parameters, were demonstrated (Table A3).

Total magnesium spanned from 0.62 to 1.09 mmol/L, with a mean of
0.83 (SD ± 0.06) mmol/L. Ionized magnesium ranged between 0.41 and 0.66 mmol/L
with a mean of 0.53 (SD ± 0.30) mmol/L. Approximately 58.1% of the patients had high-
normal magnesium values (0.81 ≤ Mg ≤ 0.90 mmol/L), followed by 29.7% of patients
with low-normal magnesium values (0.71 ≤ Mg ≤ 0.80 mmol/L), 1.3% with hypomagne-
semia (Mg ≤ 0.70 mmol/L), and 10.9% with hypermagnesemia (Mg ≥ 0.91 mmol/L), as
determined through total magnesium. Similar percentages emerged also using ionized
magnesium, according to which 52.8% (n = 399) of the patients had high-normal ionized
magnesium values, 26.4% (n = 199) had low-normal ionized magnesium values, and, re-
spectively, 1.3% (n = 10) and 19.5% (n = 147) had hypo- or hypermagnesemia. The mean
difference between total and ionized magnesium was 0.31 (SD ± 0.04) mmol/L.

Females showed significantly lower levels of total magnesium and ionized magnesium
than males (total magnesium 0.83 ± 0.06 vs. 0.84 ± 0.06 mmol/L, p = 0.035; ionized
magnesium 0.52 ± 0.03 vs. 0.53 ± 0.04 mmol/L, p < 0.001).

Comprehensive patients’ characteristics are reported in Table A1.

3.2. Magnesium and PWV

Statistically significant differences emerged between groups defined according to
ionized magnesium values for PWV obtained by SphygmoCor (cf-PWV) (Figure 2b and
Table A2) and PWV obtained by Mobil-O-Graph (o-PWV) (Figure 2d and Table A2). The
highest values of cf-PWV were observed in patients with Ion-Mg ≤ 0.45 mmol/L and in
those with Ion-Mg ≥ 0.56 mmol/L, with statistically significant differences (p < 0.05) be-
tween patients with high-normal (7.4 ± 1.6 m/s) and low-normal values (7.0 ± 1.6 m/s) and
between those with low-normal values and those with hypermagnesemia (7.6 ± 1.6 m/s)
(Figure 2b). After adjusting cf-PWV for age, statistically significant differences were, how-
ever, seen only between patients with Tot-Mg ≤ 0.70 and the upper levels (Figure 2a). The
same trends were observed for o-PWV (Figure 2c,d), although weak, statistically significant
associations were noted between cf-PWV and o-PWV and total and ionized magnesium,
respectively (Figure A2).
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Analyzing the relationship between total magnesium and cf-PWV and o-PWV, a
nonlinear relationship was confirmed by spline regression (Figure A1), showing a statisti-
cally significant decrease in cf-PWV (β = −33.8, SE = 13.9, p = 0.015) for total magnesium
lower than 0.75 mmol/L, while a borderline, not statistically significant decrease appeared
for o-PWV with total magnesium values lower than 0.75 mmol/L (β = −27.4, SE = 14.6,
p = 0.060).

3.3. Magnesium: 24 h ABPM Minimum and Maximum Values

A statistically significant difference among groups defined according to the magnesium
values for the delta between maximum and minimum systolic blood pressure in the 24 h
ABPM, emerged using the ionized magnesium only (p = 0.048) (Figure 3b). Although
the two-by-two group comparison was not significant, a trend towards higher values in
patients with hypomagnesemia and hypermagnesemia was seen (Table A2).
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3.4. Magnesium, BMI, and Body Composition

The correlation between BMI and the groups defined according to the magnesium
values showed a significant statistical difference but only using the total magnesium as a
parameter (Figure 4a). No statistically significant differences were instead observed for
fatty mass (FM) and fatty free mass (FFM) parameters (Table A2).
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3.5. Patients’ Reclassification Using Ionized Magnesium

Comparing the two magnesium analysis methods, ionized on whole blood and total
on serum, we observed an overall agreement of 64.2% (95% CI: 60.8–67.7%); see Table 1
for details. A significant correlation was observed between total magnesium and ionized
magnesium values (ρ = 0.7428, 95% CI: 0.709–0.773 p = 0.0001) (Table A3).
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Table 1. Comparisons between total magnesium and ionized magnesium.

Ion-Mg ≤ 0.45 0.46 ≤ Ion-Mg ≤ 0.50 0.51 ≤ Ion-Mg ≤ 0.55 Ion-Mg ≥ 0.56 Total

Tot-Mg ≤ 0.70 5 5 0 0 10
0.71 ≤ Tot-Mg ≤ 0.80 5 139 76 4 224
0.81 ≤ Tot-Mg ≤ 0.90 0 53 292 94 439

Tot-Mg ≥ 0.91 0 2 31 49 82
Total 10 199 399 147 755

Agreement: 64.2% (95% CI: 60.8–67.7%). Expected Agreement: 39.7% (95% CI: 34.1–45.4%). Ion-Mg, ionized
magnesium; Tot-Mg, total magnesium.

3.6. Correlations between Blood Mg Levels and Measured Parameters under Alternative Intervals

Correlations between measured parameters (i.e., age, sex, BMI, FFM, FM, blood
pressure, and PWV) and magnesium levels confirmed the trends previous described but
without significant differences, using 0.75–0.85 mmol/L as the reference range for total
magnesium (Tables A4 and A5) and 0.50–0.54 mmol/L as the reference range for ionized
magnesium (Tables A6 and A7).

4. Discussion

Magnesium has been recognized as a relevant electrolyte for the physiology and home-
ostasis of the human body [12]; however, still today, its implications in the daily medical
practice has not received its due recognition compared to other electrolytes such as sodium,
potassium, and calcium [4]. Additionally, the biologically active form of Mg (ionized or
free Mg) could be a better estimate of magnesium imbalances given its independence from
any variations in serum-binding protein and anion complexing levels [2,42,43]. However,
it is not routinely measured either in clinical or research settings, mainly due to the higher
costs of ion-selective electrodes. The often silent presentation of both hypomagnesemic and
hypermagnesemic conditions and the lack of standardized laboratory Mg ranges further
challenge the efficient evaluation of patients’ magnesium status [11].

The literature has so far suggested the presence of a correlation between serum magne-
sium levels in the upper part of the distribution and lower arterial stiffness parameters [44],
an inverse relationship between magnesium intake and blood pressure [9], and a higher risk
of magnesium deficiency in overweight conditions [15]. Nonetheless, evidence regarding
the role of Mg in cardiovascular diseases, including hypertension [29–33] and arterial aging
parameters [34–37], and its correlation with body composition, on the one hand remains
inconclusive, and on the other, derives mostly from total serum magnesium analyses.

With the aim of comparing the correlation profile of total and ionized magnesium
with hemodynamic and body composition parameters, we exploratively examined the
data of 755 subjects randomly chosen from the Southern Swiss general population, who
participated, in the context of a previously described cross-sectional study [39], in a health
assessment including serum total and whole blood ionized magnesium analyses, PWV, and
24 h BP and bioimpedance measurements. In order to investigate correlations, the sample
group was divided into four equivalent classes according to magnesium levels, with most
of the subjects within normal ranges. Interestingly, females showed significantly lower
magnesium levels than males (Tot-Mg, p = 0.035; Ion-Mg, p < 0.001).

As far as carotid-femoral PWV is concerned, the results of the initial analysis showed
statistically significant differences among magnesium classes, in particular between patients
with high-normal and low-normal values and between those with low-normal values
and magnesium levels above the upper limit. Higher values of PWV were seen both
in patients with hypomagnesemia and in those with hypermagnesemia, suggesting a U-
shaped nonlinear relationship (Figure A1). However, correcting PWV values for age, the
numerical differences appeared to be less substantial, and the significance profile changed
in favor of the differences between the total magnesium instead of ionized magnesium
categories (Figure 1). The effect of the correction for age was explained by the fact that
magnesemia has the tendency to decrease with age, and PWV, on the contrary, to increase.
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The oscillometric brachial PWV (o-PWV), often employed as a user-friendly alternative
to the gold standard, cf-PWV, although known to be less specific and sensitive, showed a
similar trend. As suggested in the literature, the negative effect of low magnesium levels
on arterial stiffness could be explained by the consequences on arterial smooth muscle cells
and on atherosclerotic processes of magnesium depletion.

Concerning blood pressure values, also influenced by the abovementioned pathophysi-
ological mechanisms, an analogous behavior, statistically significant for ionized magnesium
only, was seen analyzing the delta between the highest and lowest systolic 24 h ambulatory
blood pressure monitoring values. These data could be of further interest considering
the known association of blood pressure variability with the incidence of cardiovascular
diseases and worse outcomes [45].

The BMI, on the contrary, correlated, among magnesium classes, with total magne-
sium only; while detailed body composition analysis using fatty and free fatty masses
estimated by bioimpedance did not show any significant association (Table A1). In the
three subanalyses, the different correlation profiles of total and ionized magnesium could
be explained by confounding factors, such as protidemia, possibly related to nutrition and
influencing the total magnesium results only.

The statistical analysis for all of the measured parameters was repeated using alterna-
tive normality intervals mentioned in the literature for both ionized and total magnesium,
but we did not highlight a better correlation profile (Tables A4–A7).

The independent detection ability for low or low-normal magnesium levels of ionized
compared with total magnesium was highlighted, reclassifying subjects according to the
laboratory method used for the analysis (Table 1). In the context of an overall agreement
between methods of 64%, 12% of the subjects classified in the “high-normal” range using
Tot-Mg were reclassified into the “low-normal” range employing Ion-Mg, while 34% of
subjects with “low-normal” values were reclassified into the “high-normal” range. Uneven
frequencies of hypermagnesemic subjects also emerged when measuring total magnesium
(n = 82) and ionized magnesium (n = 147), which could be justified by the choice of the
normality intervals; the upper limit for ionized Mg being proportionately lower compared
to total Mg. These findings suggest that the upper limit of ionized Mg used in most
laboratories probably needs to be adjusted.

We can hypothesize that the higher sensitivity of ionized magnesium for magnesium
imbalances allowed for the detection of the correlation with the amplitude of systolic blood
pressure excursions, not confirmed using total magnesium and, on the opposite, for the
unmasking of correlations generated by confounding factors.

5. Limitations

Although this cross-sectional study was carried out using a large sample size, we have
to mention some limitations. First, being carried out in an unselected general population,
we included few patients with hypomagnesemia as defined for both total and ionized
magnesium. This was to be expected, since the prevalence of hypomagnesemia is estimated
to be less than 2% in the general population [2,4], and our intent was explorative. Second,
the impact of potential confounders outside the variables examined in the analysis was
not considered. Third, selection bias could have occurred given that only the subjects
of the original study population with ionized magnesium results were selected for this
subanalysis. Fourth, the highlighted correlations among parameters could have been
influenced by the chosen total and ionized Mg ranges, although they are supported by the
literature. Finally, the statistical ability to detect correlations could have been influenced
by possible nonlinear relationships between magnesium levels and hemodynamic and
bioimpedance parameters.

6. Conclusions

In conclusion, our results confirm that ionized magnesium compared with total mag-
nesium offers a different profile in detecting both correlations with hemodynamic and
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body composition parameters and dysmagnesemias. Lower levels of magnesium were
associated with worse arterial aging parameters, larger 24 h blood pressure excursions,
and higher BMI. Ionized magnesium was superior in detecting the correlation with blood
pressure only. Considering ionized magnesium as a more specific marker of the magnesium
status and the partially contradictory results of our explorative cross-sectional study, to
avoid confounding factors and misinterpretations, ionized magnesium should be used as a
reference in future studies on these topics.

Author Contributions: Conceptualization, R.D.G. and L.G.; Resources, V.G. and F.S.; Writing—
original draft, V.G. and F.S.; Writing—review and editing, M.B., C.F.C.C., J.J.C.R. and L.G. All authors
have read and agreed to the published version of the manuscript.

Funding: We gratefully acknowledge the financial support from the Carlo Gianella Foundation for
Clinical Research (Locarno, Switzerland). The funding source had no role in study design, data
collection, data analysis, data interpretation, or writing of the report.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Comitato etico cantonale Ticino (protocol code:
2016-01718; approval date 24 October 2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data can be obtained from the authors upon reasonable request.

Acknowledgments: We thank the participants in the TEST study [37] for their valuable and active
contribution.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 9 of 18 
 

 

6. Conclusions 
In conclusion, our results confirm that ionized magnesium compared with total mag-

nesium offers a different profile in detecting both correlations with hemodynamic and 
body composition parameters and dysmagnesemias. Lower levels of magnesium were as-
sociated with worse arterial aging parameters, larger 24 h blood pressure excursions, and 
higher BMI. Ionized magnesium was superior in detecting the correlation with blood pres-
sure only. Considering ionized magnesium as a more specific marker of the magnesium 
status and the partially contradictory results of our explorative cross-sectional study, to 
avoid confounding factors and misinterpretations, ionized magnesium should be used as 
a reference in future studies on these topics. 

Author Contributions: Conceptualization, R.D.G. and L.G.; Resources, V.G. and F.S.; Writing—
original draft, V.G. and F.S.; Writing—review and editing, M.B., C.F.C.C., J.J.C.R. and L.G. All au-
thors have read and agreed to the published version of the manuscript. 

Funding: We gratefully acknowledge the financial support from the Carlo Gianella Foundation for 
Clinical Research (Locarno, Switzerland). The funding source had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of Comitato etico cantonale Ticino (protocol 
code: 2016-01718; approval date 24 October 2016). 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: Data can be obtained from the authors upon reasonable request. 

Acknowledgments: We thank the participants in the TEST study [37] for their valuable and active 
contribution. 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

 
Figure A1. B-Spline function–total magnesium and PWV. Figure A1. B-Spline function–total magnesium and PWV.



J. Clin. Med. 2022, 11, 4015 10 of 18J. Clin. Med. 2022, 11, x FOR PEER REVIEW 10 of 18 
 

 

 
Figure A2. Correlations between measured parameters. Correlation coefficients (p-value when 
<0.05) and 95% CI are reported. Tot Mg, total magnesium; Ion Mg, ionized magnesium; Cf-PWV, 
carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse wave velocity 
(Mobil-O-Graph device); FFM, free fatty mass; FM, fatty mass; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; ΔSBP, delta maximum–minimum values; ΔDBP, delta maximum–mini-
mum values; BPCV, blood pressure coefficient of variation; BMI, body mass index. The color orange 
indicates a positive correlation; the color green indicates a negative correlation. The degree of color 
intensity reflects the degree of correlation (more faded, less intense correlation, and vice versa). 

Figure A2. Correlations between measured parameters. Correlation coefficients (p-value when <0.05)
and 95% CI are reported. Tot Mg, total magnesium; Ion Mg, ionized magnesium; Cf-PWV, carotid-
femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse wave velocity (Mobil-
O-Graph device); FFM, free fatty mass; FM, fatty mass; SBP, systolic blood pressure; DBP, diastolic
blood pressure; ∆SBP, delta maximum–minimum values; ∆DBP, delta maximum–minimum values;
BPCV, blood pressure coefficient of variation; BMI, body mass index. The color orange indicates a
positive correlation; the color green indicates a negative correlation. The degree of color intensity
reflects the degree of correlation (more faded, less intense correlation, and vice versa).



J. Clin. Med. 2022, 11, 4015 11 of 18

Table A1. Patients’ characteristics.

Tot-Mg ≤ 0.70
(n = 10)

0.71 ≤ Tot-Mg
≤ 0.80 (n = 224)

0.81 ≤ Tot-Mg
≤ 0.90 (n = 439)

Tot-Mg ≥ 0.91
(n = 82)

Ion-Mg ≤ 0.45
(n = 10)

0.46 ≤ Ion-Mg
≤ 0.50 (n = 199)

0.51 ≤ Ion-Mg
≤ 0.55 (n = 399)

Ion-Mg ≥ 0.56
(n = 147)

Overall
Population

(n = 755)

Age (years) 58 ± 17
63 (32–75)

52 ± 13
53 (21–87)

55 ± 14
55 (21–91)

57 ± 11
56 (36–86)

61 ± 11
61 (42–76)

52 ± 13
52 (21–86)

55 ± 13
55 (21–91)

56 ± 12
55 (21–86)

54 ± 13
54 (21–91)

Female 6 (60%) 139 (62%) 244 (55.6%) 46 (56%) 8 (80%) 130 (65.3%) 227 (57%) 69 (47%) 435 (57.6%)
Male 4 (40%) 85 (38%) 195 (44.4%) 36 (44%) 2 (20%) 69 (34.7%) 171 (43%) 78 (53%) 320 (42.4%)

Underweight, BMI < 18.5 (kg/m2) 0 (0%) 10 (4.5%) 10 (2.3%) 1 (1.2%) 0 (0%) 6 (3%) 12 (3%) 3 (2%) 21 (2.8%)
Normal weight, 18.5 ≤ BMI

≤ 24.9 (kg/m2) 3 (30%) 115 (51.3%) 235 (53.5%) 50 (61%) 5 (50%) 116 (58.3%) 204 (51.2%) 78 (53.1%) 403 (53.4%)

Pre-obesity, 25.0 ≤ BMI
≤ 29.9 (kg/m2) 4 (40%) 65 (29%) 146 (33.3%) 26 (31.7%) 2 (20%) 51 (25.6%) 139 (34.8%) 49 (33.3%) 241 (31.9%)

Obese, BMI ≥ 30.0 (kg/m2) 3 (30%) 34 (15.2%) 48 (10.9%) 5 (6.1%) 3 (30%) 26 (13.1%) 44 (11%) 17 (11.6%) 90 (11.9%)

FFM (kg) 56.6 ± 10.0
52.9 (44.3–73.1)

53.3 ± 12.0
49.4 (35.6–98.6)

53.0 ± 10.4
50.1 (34.8–90.4)

52.3 ± 10.4
48.8 (38.0–82.2)

50.6 ± 10.4
46.4 (40.8–73.1)

52.9 ± 11.4
49.1 (35.6–98.6)

52.9 ± 10.6
49.3 (36.2–82.7)

54.2 ± 11.0
53.8 (34.8–90.4)

53.1 ± 10.9
49.6 (34.8 -98.6)

FFM (%) 71.4 ± 8.5
72.5 (56.6–87.0)

75.2 ± 8.1
76.1 (49.0–97.6)

75.1 ± 7.7
75.5 (51.8–97.2)

75.3 ± 7.4
75.7 (57.9–95.0)

72.5 ± 8.4
72.8 (56.6–85.0)

75.3 ± 7.9
76.0 (49.0–97.2)

74.9 ± 7.5
75.5 (51.3–95.7)

75.4 ± 8.4
75.5 (54.2–97.6)

24.9 ± 7.8
75.6 (49.0 -97.6)

FM (kg) 23.1 ± 8.9
21.8 (10.3–41.2)

18.3 ± 9.1
16.4 (2.0–57.6)

18.1 ± 8.0
16.9 (2.0–68.6)

17.4 ± 6.7
16.9 (3.5–34.8)

20.4 ± 10.0
19.1 (7.2–41.2)

18.0 ± 8.7
16.0 (2.0–57.6)

18.2 ± 7.7
17.0 (2.6–54.1)

18.3 ± 8.8
17.2 (2.0–68.6)

18.2 ± 8.2
16.8 (2.0 -68.6)

FM (%) 28.6 ± 8.5
27.5 (13.0–43.4)

24.8 ± 8.1
23.9 (2.4–51.0)

24.9 ± 7.7
24.5 (2.8–48.2)

24.7 ± 7.4
24.3 (5.8–42.1)

27.5 ± 8.4
27.3 (15.0–43.4)

24.7 ± 7.9
24.0 (2.8–51.0)

25.1 ± 7.5
24.5 (4.3–48.7)

24.6 ± 8.4
24.5 (2.4–45.8)

24.9 ± 7.8
24.4 (2.4 -51.0)

Total Mg (mmol/L) 0.67 ± 0.03
0.67 (0.62–0.70)

0.77 ± 0.02
0.77 (0.71–0.80)

0.85 ± 0.03
0.85 (0.81–0.90)

0.93 ± 0.03
0.92 (0.91–1.09)

0.70 ± 0.05
0.69 (0.62–0.77)

0.78 ± 0.04
0.78 (0.66–0.92)

0.84 ± 0.04
0.84 (0.73–0.98)

0.89 ± 0.05
0.89 (0.77–1.09)

0.83 ± 0.06
0.83 (0.62–1.09)

Ionized Mg (mmol/L) 0.46 ± 0.02
0.46 (0.41–0.49)

0.5 ± 0.02
0.5 (0.45–0.58)

0.53 ± 0.03
0.53 (0.47–0.63)

0.57 ± 0.03
0.56 (0.49–0.66)

0.44 ± 0.01
0.45 (0.41–0.45)

0.49 ± 0.01
0.49 (0.46–0.50)

0.53 ± 0.01
0.53 (0.51–0.55)

0.58 ± 0.02
0.58 (0.56–0.66)

0.53 ± 0.3
0.52 (0.41–0.66)

SBP, 24 h ABPM (mmHg)
124.0 ± 12.5

125.5
(101.0–138.0)

119.1 ± 12.1
117.0

(95.0–179.0)

118.6 ± 11.6
117.0

(93.0–170.0)

119.2 ± 12.1
119.0

(98.0–161.0)

122.5 ± 14.3
125.5

(101.0–138.0)

117.9 ± 11.2
116.0

(98.0–179.0)

118.7 ± 11.7
117.0

(93.0–170.0)

120.7 ± 12.8
119.0

(97.0–167.0)

118.9 ± 11.8
117 (93 -179)

DBP, 24 h ABPM (mmHg) 75.6 ± 8.2
78.0 (60.0–84.0)

74.2 ± 8.6
73.0 (54.0–99.0)

73.7 ± 8.4
73.0 (53.0–110.0)

74.2 ± 9.6
73.0 (56.0–108.0)

76.4 ± 8.2
80.0 (60.0–84.0)

73.4 ± 8.5
73.0 (55.0–99.0)

73.6 ± 8.4
73.0 (53.0–110.0)

75.1 ± 9.1
73.0 (56.0–108.0)

73.9 ± 8.6
73 (53–110)

∆SBP, 24 h ABPM (mmHg) 69.4 ± 25.9
63.5 (35.0–117.0)

61.3 ± 21.6
57.0 (25.0–158.0)

59.8 ± 21.7
57.0 (18.0–194.0)

63.2 ± 22.5
60.0 (30.0–130.0)

77.6 ± 23.8
81.0 (43.0–117.0)

60.8 ± 20.2
58.0 (26.0–145.0)

59.7 ± 20.5
57.0 (18.0–142.0)

62.5 ± 26.6
59.0 (26.0–194.0)

60.9 ± 21.8
57 (18–194)

∆DBP, 24 h ABPM (mmHg) 54.3 ± 19.1
51.5 (33.0–99.0)

47.6 ± 15.6
44.0 (18.0–130.0)

47.2 ± 16.6
44.0 (13.0–145.0)

46.1 ± 14.2
43.0 (20.0–91.0)

51.3 ± 13.0
54.0 (33.0–69.0)

47.8 ± 16.0
45.0 (13.0–108.0)

46.4 ± 15.7
43.0 (20.0–145.0)

48.6 ± 17.4
44.0 (16.0–128.0)

47.3 ± 16.1
44 (13–145)

Cf-PWV (m/s) 8.2 ± 1.6
8.9 (5.9–10.0)

7.2 ± 1.6
6.9 (4.0–12.6)

7.4 ± 1.7
7.0 (4.4–13.0)

7.6 ± 1.6
7.3 (5.2–12.7)

8.4 ± 1.6
8.6 (6.0–10.7)

7.0 ± 1.6
6.7 (4.6–12.6)

7.4 ± 1.7
7.1 (4.0–13.0)

7.6 ± 1.6
7.3 (4.8–12.7)

7.4 ± 1.7
7.0 (4.0–13.0)

O-PWV (m/s) 8.1 ± 2.2
8.6 (4.9–10.7)

7.2 ± 1.6
7.0 (4.5–12.6)

7.5 ± 1.8
7.1 (4.5–12.9)

7.6 ± 1.7
7.3 (5.3–12.6)

8.4 ± 1.8
7.9 (5.6–11.0)

7.1 ± 1.7
6.8 (4.5–12.6)

7.5 ± 1.8
7.1 (4.5–12.9)

7.6 ± 1.7
7.3 (4.7–12.5)

7.4 ± 1.7
7.1 (4.5–12.9)
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Table A1. Cont.

Tot-Mg ≤ 0.70
(n = 10)

0.71 ≤ Tot-Mg
≤ 0.80 (n = 224)

0.81 ≤ Tot-Mg
≤ 0.90 (n = 439)

Tot-Mg ≥ 0.91
(n = 82)

Ion-Mg ≤ 0.45
(n = 10)

0.46 ≤ Ion-Mg
≤ 0.50 (n = 199)

0.51 ≤ Ion-Mg
≤ 0.55 (n = 399)

Ion-Mg ≥ 0.56
(n = 147)

Overall
Population

(n = 755)

QTc (ms)
440.4 ± 22.6

443.0
(401.0–467.0)

423.2 ± 35.1
426.0

(40.0–484.0)

427.2 ± 21.3
429.0

(367.0–542.0)

428.2 ± 21.2
426.0

(383.0–513.0)

429.3 ± 58.1
440.0

(269.0–467.0)

424.2 ± 34.8
428.0

(40.0–474.0)

427.5 ± 21.8
428.0

(368.0–542.0)

425.7 ± 19.9
426.0

(373.0–475.0)

426.3 ± 26.2
428 (40–542)

BPCV (mmHg) 12.0 ± 3.6
11.7 (7.5–18.0)

10.8 ± 3.4
10.1 (4.8–25.4)

10.7 ± 3.6
10.3 (3.1–32.3)

11.5 ± 3.7
11.1 (5.9–25.7)

12.9 ± 3.2
13.1 (8.9–17.7)

11.0 ± 3.5
10.5 (4.8–27.2)

10.6 ± 3.3
10.1 (3.7–23.4)

11.2 ± 4.2
10.5 (3.1–32.3)

10.9 ± 3.5
10.3 (3.1–32.3)

BMI, body mass index; FFM, free fatty mass; FM, fatty mass; SBP, systolic blood pressure; DBP, diastolic blood pressure; ∆SBP, delta maximum–minimum values; ∆DBP, delta
maximum–minimum values; ABPM, ambulatory blood pressure monitoring; Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse wave velocity
(Mobil-O-Graph device); BPCV, blood pressure coefficient of variation.

Table A2. One-way ANOVA.

Tot-Mg ≤ 0.70
(n = 10)

0.71 ≤ Tot-Mg
≤ 0.80 (n = 224)

0.81 ≤ Tot-Mg
≤ 0.90 (n = 439)

Tot-Mg ≥ 0.91
(n = 82) p-Value Ion-Mg ≤ 0.45

(n = 10)
0.46 ≤ Ion-Mg
≤ 0.50 (n = 199)

0.51 ≤ Ion-Mg
≤ 0.55 (n = 399)

Ion-Mg ≥ 0.56
(n = 147) p-Value

Cf-PWV 8.2 ± 1.6
8.9 (5.9–10.0)

7.2 ± 1.6
6.9 (4.0–12.6)

7.4 ± 1.7
7.0 (4.4–13.0)

7.6 ± 1.6
7.3 (5.2–12.7) 0.056 8.4 ± 1.6

8.6 (6.0–10.7)
7.0 ± 1.6

6.7 (4.6–12.6)
7.4 ± 1.7

7.1 (4.0–13.0)
7.6 ± 1.6

7.3 (4.8–12.7) 0.002

O-PWV 8.1 ± 2.2
8.6 (4.9–10.7)

7.2 ± 1.6
7.0 (4.5–12.6)

7.5 ± 1.8
7.1 (4.5–12.9)

7.6 ± 1.7
7.3 (5.3–12.6) 0.057 8.4 ± 1.8

7.9 (5.6–11.0)
7.1 ± 1.7

6.8 (4.5–12.6)
7.5 ± 1.8

7.1 (4.5–12.9)
7.6 ± 1.7

7.3 (4.7–12.5) 0.019

FFM (kg) 56.6 ± 10.0
52.9 (44.3–73.1)

53.3 ± 12.0
49.4 (35.6–98.6)

53.0 ± 10.4
50.1 (34.8–90.4)

52.3 ± 10.4
48.8 (38.0–82.2) 0.651 50.6 ± 10.4

46.4 (40.8–73.1)
52.9 ± 11.4

49.1 (35.6–98.6)
52.9 ± 10.6

49.3 (36.2–82.7)
54.2 ± 11.0

53.8 (34.8–90.4) 0.511

FFM (%) 71.4 ± 8.5
72.5 (56.6–87.0)

75.2 ± 8.1
76.1 (49.0–97.6)

75.1 ± 7.7
75.5 (51.8–97.2)

75.3 ± 7.4
75.7 (57.9–95.0) 0.497 72.5 ± 8.4

72.8 (56.6–85.0)
75.3 ± 7.9

76.0 (49.0–97.2)
74.9 ± 7.5

75.5 (51.3–95.7)
75.4 ± 8.4

75.5 (54.2–97.6) 0.671

FM (kg) 23.1 ± 8.9
21.8 (10.3–41.2)

18.3 ± 9.1
16.4 (2.0–57.6)

18.1 ± 8.0
16.9 (2.0–68.6)

17.4 ± 6.7
16.9 (3.5–34.8) 0.228 20.4 ± 10.0

19.1 (7.2–41.2)
18.0 ± 8.7

16.0 (2.0–57.6)
18.2 ± 7.7

17.0 (2.6–54.1)
18.3 ± 8.8

17.2 (2.0–68.6) 0.828

FM (%) 28.6 ± 8.5
27.5 (13.0–43.4)

24.8 ± 8.1
23.9 (2.4–51.0)

24.9 ± 7.7
24.5 (2.8–48.2)

24.7 ± 7.4
24.3 (5.8–42.1) 0.498 27.5 ± 8.4

27.3 (15.0–43.4)
24.7 ± 7.9

24.0 (2.8–51.0)
25.1 ± 7.5

24.5 (4.3–48.7)
24.6 ± 8.4

24.5 (2.4–45.8) 0.667

SBP
124.0 ± 12.5

125.5
(101.0–138.0)

119.1 ± 12.1
117.0

(95.0–179.0)

118.6 ± 11.6
117.0

(93.0–170.0)

119.2 ± 12.1
119.0

(98.0–161.0)
0.527

122.5 ± 14.3
125.5

(101.0–138.0)

117.9 ± 11.2
116.0

(98.0–179.0)

118.7 ± 11.7
117.0

(93.0–170.0)

120.7 ± 12.8
119.0

(97.0–167.0)
0.111

DBP 75.6 ± 8.2
78.0 (60.0–84.0)

74.2 ± 8.6
73.0 (54.0–99.0)

73.7 ± 8.4
73.0 (53.0–110.0)

74.2 ± 9.6
73.0 (56.0–108.0) 0.791 76.4 ± 8.2

80.0 (60.0–84.0)
73.4 ± 8.5

73.0 (55.0–99.0)
73.6 ± 8.4

73.0 (53.0–110.0)
75.1 ± 9.1

73.0 (56.0–108.0) 0.162

∆SBP 69.4 ± 25.9
63.5 (35.0–117.0)

61.3 ± 21.6
57.0 (25.0–158.0)

59.8 ± 21.7
57.0 (18.0–194.0)

63.2 ± 22.5
60.0 (30.0–130.0) 0.317 77.6 ± 23.8

81.0 (43.0–117.0)
60.8 ± 20.2

58.0 (26.0–145.0)
59.7 ± 20.5

57.0 (18.0–142.0)
62.5 ± 26.6

59.0 (26.0–194.0) 0.048

∆DBP 54.3 ± 19.1
51.5 (33.0–99.0)

47.6 ± 15.6
44.0 (18.0–130.0)

47.2 ± 16.6
44.0 (13.0–145.0)

46.1 ± 14.2
43.0 (20.0–91.0) 0.481 51.3 ± 13.0

54.0 (33.0–69.0)
47.8 ± 16.0

45.0 (13.0–108.0)
46.4 ± 15.7

43.0 (20.0–145.0)
48.6 ± 17.4

44.0 (16.0–128.0) 0.413

QTc
440.4 ± 22.6

443.0
(401.0–467.0)

423.2 ± 35.1
426.0

(40.0–484.0)

427.2 ± 21.3
429.0

(367.0–542.0)

428.2 ± 21.2
426.0

(383.0–513.0)
0.072

429.3 ± 58.1
440.0

(269.0–467.0)

424.2 ± 34.8
428.0

(40.0–474.0)

427.5 ± 21.8
428.0

(368.0–542.0)

425.7 ± 19.9
426.0

(373.0–475.0)
0.507
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Table A2. Cont.

Tot-Mg ≤ 0.70
(n = 10)

0.71 ≤ Tot-Mg
≤ 0.80 (n = 224)

0.81 ≤ Tot-Mg
≤ 0.90 (n = 439)

Tot-Mg ≥ 0.91
(n = 82) p-Value Ion-Mg ≤ 0.45

(n = 10)
0.46 ≤ Ion-Mg
≤ 0.50 (n = 199)

0.51 ≤ Ion-Mg
≤ 0.55 (n = 399)

Ion-Mg ≥ 0.56
(n = 147) p-Value

BMI 28.3 ± 4.7
27.6 (22.9–38.1)

25.0 ± 4.8
24.4 (16.8–44.7)

24.9 ± 4.0
24.5 (16.4–45.5)

24.3 ± 3.7
23.9 (18.3–36.5) 0.050 26.4 ± 6.0

24.5 (19.2–38.1)
24.8 ± 4.4

24.1 (17.5- 44.7)
24.9 ± 4.1

24.5 (16.4–40.9)
25.0 ± 4.3

24.5 (18.0–45.5) 0.698

BPCV 12.0 ± 3.6
11.7 (7.5–18.0)

10.8 ± 3.4
10.1 (4.8–25.4)

10.7 ± 3.6
10.3 (3.1–32.3)

11.5 ± 3.7
11.1–(5.9–25.7) 0.212 12.9 ± 3.2

13.1(8.9–17.7)
11.0 ± 3.5

10.5 (4.8–27.2)
10.6 ± 3.3

10.1 (3.7–23.4)
11.2 ± 4.2

10.5 (3.1–32.3) 0.075

Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse wave velocity (Mobil-O-Graph device); FFM, free fatty mass; FM, fatty mass; SBP, systolic
blood pressure; DBP, diastolic blood pressure; ∆SBP, delta maximum–minimum values; ∆DBP, delta maximum–minimum values; BMI, body mass index; BPCV, blood pressure coefficient
of variation.
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Table A3. Comparisons between the investigated population and the population excluded because
of missing values.

Patients without Total or
Ionized Magnesium Data

(n = 369)

Patients with Total or
Ionized Magnesium

(n = 833)
p-Value

Sex *

Female 197 (53.4%) 475 (57.2%) 0.224

Male 172 (46.6%) 356 (42.8%)

Age, years 54.8 (14.4) 54.7 (13.7) 0.892

BMI (kg/m2) 25.2 (4.6) 25.0 (4.3) 0.544

SBP, 24 h ABPM
(mmHg) 119.1 (11.9) 119.1 (11.9) 0.919

DBP, 24 h ABPM
(mmHg) 74.7 (9.1) 74.0 (8.6) 0.231

Cf-PWV (m/s) 7.3 (1.9) 7.4 (1.7) 0.399

O-PWV (m/s) 7.4 (1.9) 7.4 (1.7) 0.932

QTc (ms) 423.9 (21.0) 426.2 (25.9) 0.141
* Two missing values. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABPM,
ambulatory blood pressure monitoring; Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device);
O-PWV.

Table A4. Patients’ characteristics—Classification 1 Total Magnesium.

Low (Tot Mg < 0.75)
(n = 52)

Normal (0.75 ≤ Tot Mg < 0.85)
(n = 391)

High (Tot Mg ≥ 0.85)
(n = 312)

Age (years) 53.2 (13.7) (22–76) 53.4 (13.6) (21–90) 55.93 (12.8) (22–91)

Female 31 (59.6%) 239 (61.1%) 165 (52.9%)

Male 21 (40.4%) 152 (38.9%) 147 (47.1%)

Underweight, BMI < 18.5 (kg/m2) 1 1.9% 13 (3.3%) 7 (2.2%)

Normal weight, 18.5 ≤ BMI ≤ 24.9 (kg/m2) 23 (44.2%) 213 (54.5%) 167 (53.5%)

Pre-obesity, 25.0 ≤ BMI ≤ 29.9 (kg/m2) 21 (40.4%) 111 (28.4%) 109 (34.9%)

Obese, BMI ≥ 30.0 (kg/m2) 7 (13.5%) 54 (13.8%) 29 (9.3%)

FFM (kg) 55.5 (12.5) (39–53) 52.8 (11.0) (36–86) 53.1 (10.5) (35–90)

FFM (%) 74.1 (7.4) (57–87) 75.1 (7.9) (49–98) 75.2 (7.7) (54–96)

FM (kg) 20.1 (9.6) (9.55) 18.1 (8.4) (2–58) 18 (7.8) (3–69)

FM (%) 25.9 (7.4) (13–43) 24.9 (7.9) (2–51) 24.8 (7.7) (4–46)

Total Mg (mmol/L) 0.7 (0.03) (0.6–0.7) 0.8 (0.03) (0.8–0.9) 0.9 (0.03) (0.9–1.1)

Ionized Mg (mmol/L) 0.5 (0.02) (0.4–0.5) 0.5 (0.03) (0.5–0.6) 0.5 (0.03) (0.5–0.7)

SBP, 24 h ABPM (mmHg) 118.6 (10.7) (98–138) 118.8 (11.8) (95–179) 119.1 (12.2) (93–170)

DBP, 24 h ABPM (mmHg) 74.1 (8.5) (58–74) 73.6 (8.3) (54–99) 74.2 (9.0) (53–110)

∆SBP, 24 h ABPM (mmHg) 61.8 (19.3) (34–117) 60.6 (22.6) (18–194) 60.8 (21.3) (21–165)

∆DBP, 24 h ABPM (mmHg) 52.7 (18.5) (18–108) 47.1 (16.2) (13–145) 46.6 (15.3) (16–113)

Cf-PWV (m/s) 7.3 (1.4) (5–11) 7.3 (1.7) (4–13) 7.5 (1.7) (4–13)

O-PWV (m/s) 7.3 (1.7) (5–11) 7.3 (1.7) (5–13) 7.6 (1.8) (5–13)

QTc (ms) 429.0 (20.9) (381–467) 424.6 (29.8) (40–484) 428.1 (21.8) (371–542)

BPCV (mmHg) 11.7 (3.2) (7–20) 10.6 (3.5) (4–27) 11 (3.7) (3–32)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABPM, ambulatory blood
pressure monitoring; Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse
wave velocity (Mobil-O-Graph device).
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Table A5. Patients’ characteristics—Classification 2 Total Magnesium.

Low (Tot Mg < 0.85)
(n = 443)

Normal (Tot Mg ≥ 0.85)
(n = 321)

Age (years) 53.4 (13.6) (21–90) 55.9 (12.8) (22–91)

Female 270 (61.0%) 165 (52.9%)

Male 173 (39.1%) 147 (47.1%)

Underweight, BMI < 18.5 (kg/m2) 14 (3.2%) 7 (2.2%)

Normal weight, 18.5 ≤ BMI ≤ 24.9 (kg/m2) 236 (53.3%) 167 (53.5%)

Pre-obesity, 25.0 ≤ BMI ≤ 29.9 (kg/m2) 132 (29.8%) 109 (34.9%)

Obese, BMI ≥ 30.0 (kg/m2) 61 (13.8%) 29 (9.3%)

FFM (kg) 53.1 (11.2) (36–99) 53.1 (10.5) (35–90)

FFM (%) 75.0 (7.8) (49–98) 75.2 (7.7) (54–96)

FM (kg) 18.3 (8.5) (2–58) 18.0 (786) (3–67)

FM (%) 25.0 (7.8) (2.4–51) 24.8 (7.7) (4–46)

Total Mg (mmol/L) 0.8 (0.04) (0.6–0.9) 0.9 (0.03) (0.9–1.1)

Ionized Mg (mmol/L) 0.5 (0.03) (0.4–0.6) 0.6 (0.03) (0.5–0.7)

SBP, 24 h ABPM (mmHg) 118.8 (11.6) (95–179) 119.1 (12.2) (93–170)

DBP, 24 h ABPM (mmHg) 73.7 (8.3) (54–99) 74.2 (9.0) (53–110)

∆SBP, 24 h ABPM (mmHg) 60.7 (22.2) (18–194) 60.8 (21.3) (21–165)

∆DBP, 24 h ABPM (mmHg) 47.7 (16.6) (13–145) 46.6 (15.3) (16–113)

Cf-PWV (m/s) 7.3 (1.7) (4–13) 7.5 (1.7) (4–13)

O-PWV (m/s) 7.3 (1.7) (5–13) 7.6 (1.8) (5–13)

QTc (ms) 425.1 (28.9) (40–484) 428.1 (21.8) (371–542)

BPCV (mmHg) 10.8 (3.5) (4–27) 11.0 (3.7) (3–32)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABPM, ambulatory blood
pressure monitoring; Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse
wave velocity (Mobil-O-Graph device).

Table A6. Patients’ characteristics—Ionized Magnesium Classification 1.

Low (Ion Mg < 0.50)
(n = 140)

Normal (0.50 ≤ Ion Mg
< 0.54) (n = 348)

High (Ion Mg ≥ 0.54)
(n = 267)

Age, years 52.4 (13.3) (22–80) 54.3 (13.6) (21–90) 55.6 (12.9) (21–91)

Female 93 (66.4%) 209 (60.06%) 133 (49.8%)

Male 47 (33.6%) 139 (39.9%) 134 (50.2%)

Underweight, BMI < 18.5 (kg/m2) 4 (2.9%) 12 (3.5%) 5 (1.9%)

Normal weight, 18.5 ≤ BMI ≤ 24.9 (kg/m2) 86 (61.4%) 178 (51.2%) 139 (52.1%)

Pre-obesity, 25.0 ≤ BMI ≤ 29.9 (kg/m2) 30 (21.4%) 122 (35.1%) 89 (33.3%)

Obese, BMI ≥ 30.0 (kg/m2) 20 (14.3%) 36 (10.3%) 34 (12.7%)

FFM (kg) 52.8 (11.7) (36–99 52.5 (10.4) (36–79) 54.0 (11.1) (35–90)

FFM (%) 75.6 (7.8) (55–92) 75.2 (7.8) (49–97) 74.7 (7.8) (54–98)

FM (kg) 17.7 (8.9) (4–55) 17.9 (8.0) (2–58) 18.8 (8.2) (2–69)

FM (%) 24.4 (7.8) (8–45) 24.8 (7.8) (3–51) 25.3 (7.8) (2–46)

Total Mg (mmol/L) 0.8 (0.0) (0.7–0.9) 0.8 (0.01) (0.7–0.9) 0.9 (0.01) (0.8–1.1)
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Table A6. Cont.

Low (Ion Mg < 0.50)
(n = 140)

Normal (0.50 ≤ Ion Mg
< 0.54) (n = 348)

High (Ion Mg ≥ 0.54)
(n = 267)

Ionized Mg (mmol/L) 0.5 (0.01) (0.4–0.5) 0.5 (0.01) (0.5–0.6) 0.6 (0.01) (0.5–0.7)

SBP, 24 h ABPM (mmHg) 117.5 (11.3) (98–179) 118.6 (11.1) (93–159) 120.1 (12.9) (96–170)

DBP, 24 h ABPM (mmHg) 72.9 (8.2) (55–99) 73.9 (8.3) (53–99) 74.4 (9.2) (56–110)

∆SBP, 24 h ABPM (mmHg) 60.3 (19.6) (26–145) 59.5 (20.4) (21–133) 62.6 (24.6) (18–194)

∆DBP, 24 h ABPM (mmHg) 47.6 (15.2) (18–108) 46.7 (16.4) (13–145) 47.8 (16.1) (16–128)

Cf-PWV (m/s) 7.1 (1.5) (5–12) 7.4 (1.7) (4–13) 7.5 (1.6) (4–13)

O-PWV (m/s) 7.1 (1.6) (5–11) 7.4 (1.8) (5–13) 7.6 (1.7) (5–13)

QTc (ms) 427.6 (24.0) (269–467) 425.5 (30.8) (40–542) 426.7 (20.2) (373–513)

BPCV (mmHg) 10.9 (3.3) (5–25) 10.6 (3.4) (4–27) 11.1 (3.8) (3–32)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABPM, ambulatory blood
pressure monitoring; Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse
wave velocity (Mobil-O-Graph device).

Table A7. Patients’ characteristics—Ionized Magnesium Classification 2.

Ion Mg < 0.55
(n = 558)

Ion Mg ≥ 0.55
(n = 197)

Age (years) 54.0 (13.5) (21–90) 55.61 (12.80) (21–91)

Female 342 (61.3%) 93 (47.2%)

Male 216 (38.7%) 104 (52.8%)

Underweight, BMI < 18.5 (kg/m2) 17 (3.1%) 4 (2.0%)

Normal weight, 18.5 ≤ BMI ≤ 24.9 (kg/m2) 298 (53.4%) 105 (53.3%)

Pre-obesity, 25.0 ≤ BMI ≤ 29.9 (kg/m2) 179 (32.1%) 62 (31.5%)

Obese, BMI ≥ 30.0 (kg/m2) 64 (11.5%) 26 (13.2%)

FFM (kg) 52.7 (10.8) (36–99) 54.3 (11.0) (35–90)

FFM (%) 75.0 (7.6) (49.97) 75.5 (8.2) (54–98)

FM (kg) 18.1 (8.0) (2–58) 18.3 (8.7) (2–69)

FM (%) 25.1 (7.6) (3–51) 24.5 (8.2) (2–46)

Total Mg (mmol/L) 0.81 (0.1) (0.6–1.0) 0.9 (0.05) (0.8–1.1)

Ionized Mg (mmol/L) 0.51 (0.02) (0.4–0.5) 0.6 (0.02) (0.6–0.7)

SBP, 24 h ABPM (mmHg) 118.4 (11.4) (93–179) 120.3 (13.0) (96–167)

DBP, 24 h ABPM (mmHg) 73.6 (8.3) (53–99) 74.7 (9.3) (56–110)

∆SBP, 24 h ABPM (mmHg) 60.1 (20.3) (18–145) 62.6 (25.6) (26–194)

∆DBP, 24 h ABPM (mmHg) 47.0 (16.0) (13–145) 47.9 (16.4) (16–128)

Cf-PWV (m/s) 7.3 (1.7) (4–13) 7.6 (1.6) (5–13)

O-PWV (m/s) 7.4 (1.8) (5–13) 7.6 (1.7) (5–13)

QTc (ms) 426.1 (27.9) (40–542) 427.1 (20.7) (373–513)

BPCV (mmHg) 10.8 (3.4) (4–27) 11.2 (4.0) (3–32)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ABPM, ambulatory blood
pressure monitoring; Cf-PWV, carotid-femoral pulse wave velocity (SphygmoCor device); O-PWV, brachial pulse
wave velocity (Mobil-O-Graph device).
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