NEFROLOGIA 2024;44(5):721-730

\ "‘ ;g
U/ nefrollele L =

Espanola de Revista de la Sociedad Espafola de Nefrologia
Nefrologia

www.revistanefrologia.com o —

Original article

Check for
updates

Bone and vascular effects of magnesium
supplements in CKD patients
(the MagicalBone Pilot Study)

Maria Victoria Pendén-Ruiz de Mier®", Rafael Santamaria®?,

Cayetana Moyano-Peregrin®, José Enrique Gordillo®, Asuncién Salmoral-Chamizo?,
Isabel Lépez-Lépez®, Cristian Rodelo-Haad *"*, Casimiro Valle?,

Cristina Membrives-Gonzdlez¢, Daniel José Lépez-Ruiz¢, Marina Alvarez-Benito°,
Rodrigo Lépez-Baltands®, Ana Isabel Torralbo®, Karen Cecilia Valdés-Diaz®,

Raquel Maria Garcia-Sdez¢, Daniel Jurado-Montoya ¢, Gonzalo Pinaglia-Tobaruela®,
Julio Manuel Martinez-Moreno®, Alejandro Martin-Malo®®, Sagrario Soriano®?,
Mariano Rodriguez®?, Maria Encarnacién Rodriguez-Ortiz®"*,

Juan Rafael Muiioz-Castarieda "

@ Nephrology Service, Reina Sofia University Hospital, Maimonides Institute for Research in Biomedicine of Cordoba (IMIBIC), University
of Cordoba, Spain

b RICORS2040, Madrid, Spain

¢ Radiodiagnostics Service, Reina Sofia University Hospital, Cordoba, Spain

d Rheumatology Service, Reina Sofia University Hospital, Cordoba, Spain
€ Maimonides Institute for Research in Biomedicine of Cordoba (IMIBIC), Reina Sofia University Hospital, University of Cordoba, Spain

ARTICLE INFO ABSTRACT

Article history: Background and objective: The progression of chronic kidney disease (CKD) involves the devel-
Received 7 December 2023 opment of alterations in mineral metabolism that are closely related to cardiovascular
Accepted 20 February 2024 outcomes and bone disease. Hypomagnesemia is associated with more rapid progression of

CKD and other comorbidities. Our objective was to analyze in CKD patients stages 3-4 the
impact of the administration of magnesium (Mg) carbonate on bone mineral density (BMD)

Keywords: and hemodynamic changes associated with by vascular calcification (VC).

Chronic kidney disease Material and methods: Patients with CKD stages 3—4 were randomized into controls (n=12) or
Bone mineral density intervention (n=7) group receiving 360 mg of Mg carbonate daily during a 15-month period.
Vascular calcification Parameters related to mineral metabolism, BMD, VC, and pulse wave velocity (PWV) were
Pulse wave velocity evaluated.
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Results: Supplementation with Mg produced an increase in the urinary excretion of Mg while
serum Mg levels remained stable and no episodes of hypermagnesemia were reported. In
addition, no significant changes were found in the degree of VC assessed by Adragao index,
however, both serum and urine Mg were significantly associated with a decrease in PWV,
suggesting an increase in vascular compliance. Likewise, BMD did not change following
treatment, but serum Mg significantly correlated with the levels of N-terminal propeptide
of collagen alpha-1(I) chain (PINP), a marker of bone synthesis.

Conclusions: In sum, these results suggest a possible beneficial effect of Mg on vascular com-
pliance with no detrimental effects on bone status. In addition, our results highlight the

need to consider monitorization of urinary Mg status in CKD patients.
© 2024 Sociedad Espariiola de Nefrologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Efecto 6seo y vascular de los suplementos de magnesio en pacientes
con enfermedad renal cronica (el estudio piloto MagicalBone)

RESUMEN

Antecedentes y objetivos: La progresion de la enfermedad renal crénica (ERC) supone el desar-
rollo de alteraciones del metabolismo mineral que estan estrechamente relacionadas con
eventos cardiovasculares y enfermedad ésea. La hipomagnesemia se asocia con una progre-
sién mas rapida de la ERC, asi como con otras comorbilidades. Nuestro objetivo fue analizar
en pacientes con ERC estadios 3-4 el impacto de la administracién de carbonato de magne-
sio (Mg) sobre la densidad mineral ésea (DMO) y los cambios hemodindmicos asociados a
la calcificacién vascular (CV).
Material y métodos: Los pacientes con enfermedad renal crénica estadios 3-4 se distribuyeron
aleatoriamente en los grupos control (n=12) o intervencién (n=7), que recibié 360 mg de
carbonato de Mg diariamente durante un periodo de 15 meses. Se evaluaron parametros
relacionados con el metabolismo mineral ademas de la DMO, CV, y velocidad de onda de
pulso (VOP).
Resultados: La suplementacién con Mg produjo un aumento en la excrecién urinaria de Mg,
mientras que los niveles séricos de Mg permanecieron estables y no se reportaron episodios
de hipermagnesemia. Ademads, no se observaron cambios significativos en cuanto al grado
de CV valorado en base al indice de Adragao. No obstante, tanto los niveles séricos como
urinarios de Mg se asociaron significativamente con un descenso en la VOP, lo que sugiere
un aumento en la distensibilidad vascular. De manera similar, la DMO no se modificé con
la administracién del tratamiento, pero los niveles séricos de Mg correlacionaron significa-
tivamente con los del propétido N-terminal del colageno tipo I (PINP), un marcador de la
sintesis ésea.
Conclusiones: En conjunto, estos resultados sugieren un posible efecto beneficioso del Mg
sobre la distensibilidad vascular sin efectos negativos a nivel 6seo. Ademas, nuestros resul-
tados subrayan la necesidad de considerar la monitorizacién del nivel de Mg urinario en
pacientes con ERC.
© 2024 Sociedad Espaiiola de Nefrologia. Publicado por Elsevier Espaiia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

dysfunction causes abnormalities in phosphate (P) and cal-
cium metabolism.? The abnormalities in calcium-phosphate
regulation are largely responsible for the development of vas-

Chronic kidney disease (CKD) is a major health problem
worldwide.! It is estimated that more than 10% of the world
population suffers from CKD? and it is expected to become
one of the leading causes of death in the next decades.® The
progressive loss of renal function leads to a variety of com-
plications affecting the cardiovascular system, bone health,
inflammatory and metabolic regulation, and others. Renal

cular calcifications and the increase in vascular stiffness in
CKD,®> which in turn causes an increase in pulse wave velocity
(PWV), an independent predictor of cardiovascular mortality
in CKD.®

Experimental work’-® has shown that magnesium (Mg) sup-
plementation reduces vascular calcifications (VC). In CKD,
hypomagnesemia is associated with cardiovascular and other
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comorbidities that have been summarized by Rodelo-Haad
et al.” In CKD patients, lower levels of Mg are associated with
a two-fold increased risk of progression to end-stage renal
disease.'® Moreover, in patients on renal replacement therapy,
abetter survival rate is observed in those patients with slightly
high Mg levels.'° However, there are no clinical studies to sub-
stantiate the potential beneficial effect of Mg supplementation
on vascular stiffness as assessed by PWV.

The effect of Mg on bone has been a matter of discussion.
Clinical studies have suggested an association between oral
Mg and fractures,'! yet Mg may promote osteogenesis by the
activation of Notch signaling.'? Altogether, evidence suggests
that Mg administration may have benefits in patients with
CKD.

Hence, our objective was to analyze in CKD patients stages
3-4 the impact of the administration of Mg supplements in
clinical aspects of renal disease such as vascular compliance
as measured by PWV, VC, and parameters of mineral and bone
health.

Methods
Study protocol

We performed a randomized, open-label, parallel-group clini-
cal trial called MagicalBone. All subjects signed the informed
consent for inclusion in the study. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol
was approved by the Ethics Committee of Cordoba (Cordoba
Research Ethics Committee, Spain. Record number: 280 and
287, Committee file number: 3953).

Thirty-six patients were recruited, and nineteen subjects
completed the 15-month follow-up period. These patients
were distributed into the control (n=12) and intervention
(n=7) groups. Inclusion criteria were an estimated glomeru-
lar filtration rate (eGFR) between 15 and 60 ml/min/1.73 m?
(CKD stages 3-4), which was stable during the three months
prior to randomization, and evidence of VC assessed by X-ray.
Exclusion criteria were as follows: serum Mg concentration
above 2.6 mg/dl, glomerular disease, calciphylaxis, immedi-
ate need for renal replacement therapy, parathyroidectomy,
treatment with biphosphonates or denosumab, HIV infection,
hepatitis B or C, chronic liver disease, systemic inflamma-
tory disease, recombinant or immunosuppressive therapies,
or previous history of cancer in the last 5 years.

The participant flow chart is shown in Fig. 1. All patients
were followed in the outpatient clinic by the same physician at
least twice yearly before being included in the study. Baseline
data included age, gender, body mass index, blood pressure,
and comorbidities, or prevalent diseases. Patients were ran-
domized into a control group and an intervention group that
received 360 mg of powdered Mg carbonate per day (Ana Maria
Lajusticia®, Distribuciones Feliu S.L., Barcelona, Spain) during
15+ 1.5 months.

Blood and urine chemistries

Blood was collected for measurement of standard plasma
biochemistry and complete blood count. Twenty-four-hour

urine samples were collected for quantification of Mg and Cr
using an Architect c-16000 (Abbott®, Chicago, Illinois, USA).
The eGFR was calculated by the CKD-EPI formula.’® Serum
Mg was quantified in the local clinical analysis laboratory
(reference values: 1.7-2.7 mg/dl). Plasma P was determined
by spectrophotometry (Biosystems, Barcelona, Spain). ELISA
assays were used for the measurement of plasma intact
FGF23 (iFGF23, Kainos, Japan), PTH (Quidel Corporation), the
Wnt/B-catenin pathway inhibitors secreted frizzled-related
protein 1 (SFRP1) (Cusabio, Wuhan, China) and Dickkopf pro-
tein 1 (DKK1) (Merck Millipore, Darmstadt, Germany), and the
markers of bone formation N-terminal propeptide of collagen
alpha-1(I) chain (PINP) (FineTest Biotech Inc., Wuhan, China),
and bone resorption C-terminal telopeptides of Type I collagen
(B-CTX and a-CTX for urine and plasma, respectively) (Immun-
odiagnostic Systems Holdings Ltd., Boldon, United Kingdom).

Assessment of vascular calcification, pulse wave velocity,
and bone mineral density

At the beginning and at the end of the study several tests were
performed. The PWV was determined with a Mobil-O-Graph
device (IEM GmbH, Stolberg, Germany). X-ray of pelvis and
both hands was performed to assess and score the presence
of VC according to Adragao index. Bone mineral density (BMD)
in column, hip, and femoral neck was determined by densito-
metry (DXA: trademark LUNA, model DPX-NT FULLSIZE).

Statistical analysis

Continuous variables are shown as mean =+ standard deviation
(SD) or median (interquartile range, IQR). Categorical variables
are presented as a percent (%). Statistical differences between
both control and intervention groups were assessed by t-test,
or the corresponding no parametric test. Univariate correla-
tion analysis (Spearman) was used to identify the relationship
between urine and plasma magnesium with other variables. A
P-value inferior to 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS statistical pro-
gram (SPSS Inc., Chicago, IL, USA).

Results
Characteristics of the study population at baseline

The subjects who completed the follow-up period were ran-
domized into the control (n=12) and the intervention (n=7)
groups. Demographical and clinical characteristics of the
study population are shown in Table 1. Age and gender
were similar in both groups (P=0.414 and 0.199, respectively).
In addition, the proportion of patients with hypertension
(P=0.721), diabetes (P=0.686), dyslipidemia (P=0.892), and
smoking (P=0.313) was also similar and no statistical dif-
ferences were observed in the occurrence of peripheral
arterial disease (PAD) (P =0.869) or other cardiovascular events
(P=0.071).

As shown in Table 2, at baseline control and inter-
vention groups had similar values of eGFR (37+12 vs.
40+14ml/min/1.73m?, P=0.627), serum levels of Mg
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Patients followed in the out patient clinic from January
2019 to December 2020
n=1145

|
v

Patients with age from 18 to 85 years-old
n=1069

v

v
Patients with eGFR 15 to 60 ml/min/1.73m?
n=532

A 4

v

Patients without exclusion criteria
n=124

\4

v
Patients with vascular calcification
n=48

A\ 4

Recruited patients
n=36

Patients with age <18 or >85 years-old (n=76)

Patients with eGFR <15 or >60 ml/min/1.73m? (n=537)

Patients with glomerular disease, Mg >2.6 mg/d| or another exclusion

criteria (*) (n=408)

Patients without vascular calcification (n=76)

Patients who refuse to participate (n=12)

| Excluded patients (n=17): exitus (n=2), initiation of renal replacement

\l, >

Included patients
n=19 (12 controls + 7 treated)

therapy (n=3), lack of adherence to treatment (n=3), and refused to

continue (n=9)

Fig. 1 - Flow chart showing the inclusion of the participants in the study. eGFR: estimated glomerular filtration rate, Mg:
magnesium. (*) Exclusion criteria: calciphylaxis, immediate need for renal replacement therapy, parathyroidectomy,
treatment with bisphosphonates or denosumab, HIV infection, hepatitis B or G, chronic liver disease, systemic inflammatory
disease, recombinant or immunosuppressive therapies, or previous history of cancer in the last 5 years were excluded.

Table 1 - Demographical and clinical characteristics of the patients included in the study.

Control group(n=12) Experimental group(n=7) P-value
Age (years) 66.1+9.7 62.4+8.1 0.414
Gender (M/F) 12/0 6/1 0.199
Hypertension (n/%) 12/100 7/100 0.721
Diabetes (n/%) 9/75 4/57.1 0.686
Dyslipidemia (n/%) 12/100 7/100 0.892
Smoking (n/%) 1/8.3 2/28.6 0.313
PAD (n/%) 4/33.3 1/14.3 0.869
Cardiovascular events (n/%) 0/0 1/14.3 0.071

PAD: peripheral arterial disease.

(1.93+0.13 vs. 2.01+0.15mg/dl, P=0.203), P (3.65+0.58 vs.
3.64+0.38 mg/dl, P=0.977), iFGF23 (112 +: 61 vs. 122 + 56 pg/ml,
P=0.738), and PTH levels (184+171 vs. 148+87pg/ml,
P=0.620). In addition, the urinary excretion of Mg expressed as
fractional excretion (FE) was similar in both arms (7.64 +5.54

vs. 4.31+3.39%, respectively, P=0.220). Finally, no differences
were found at the beginning of the study in PWV (10.67 +1.93
vs. 9.42+1.57m/s, P=0.210), VC calculated by Adragao
index (3.78 £3.27 vs. 1.40+1.34, P=0.081) or BMD at column
(11544269 vs. 1290+ 125mg/cm?, P=0.229), femoral neck
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Table 2 - Comparison of the main variables in both arms at baseline.

Control group Experimental group P-value
eGFR (ml/min/1.73 m?) 37 + 12 40 + 14 0.627
Serum Mg (mg/dl) 1.93 + 0.13 2.01 + 0.15 0.203
Plasma P (mg/dl) 3.65 + 0.58 3.64 + 0.38 0.977
Plasma iFGF23 (pg/ml) 112 + 61 122 + 56 0.738
Plasma PTH (pg/ml) 184 + 171 148 + 87 0.620
FE Mg (%) 7.64 + 5.54 4.31 + 3.39 0.220
PWV (m/s) 10.67 + 1.93 9.42 + 1.57 0.210
Adragao index 3.78 £ 3.27 1.40 + 1.34 0.081
Column BMD (mg/cm?) 1154 + 269 1290 + 125 0.229
Femoral neck BMD (mg/cm?) 851 + 108 970 + 116 0.059
Hip BMD (mg/cm?) 952 + 128 1092 + 130 0.057

Data are expressed as mean + standard deviation.

eGFR: estimated glomerular filtration rate based on CKD-EPI equation, Mg: magnesium, P: phosphorus, iFGF23: intact FGF23, PTH: parathyroid
hormone, FE: fractional excretion, PWV: pulse wave velocity, BMD: bone mineral density.

(8514108 vs. 970+ 116 mg/cm?, P=0.059), and hip (952 + 128
vs. 1092 + 130 mg/cm?, P=0.057) level (Table 2).

Changes in CKD progression and parameters related
to renal disease

The comparison between the values of the variables studied
at baseline and after 15 months in control and intervention
groups is shown in Table 3. The eGFR did not change sig-
nificantly in either group; however, although it did not reach
statistical significance, the rate of CKD progression (change in
eGFR) had a tendency to be slower in the Mg-treated group
(~1.62+£8.47 vs. —3.02+6.28ml/min/1.73m? in the control
group, P=0.687).

The change in serum Mg levels was not different between
the two groups (—0.057 £0.247 vs. —0.001 +0.193 mg/dl in the
control and the Mg-treated group, respectively, P=0.619). In
this regard, patients did not report adverse effects related
to hypermagnesemia. Two out of the excluded patients were
using Mg supplements and reported side effects, leading
to their exclusion due to self-limited diarrheal stools and
nonspecific epigastric pain. Interestingly, in the intervention
group, after 15 months of treatment serum Mg concentra-
tion significantly correlated negatively with PWV (R? = —0.986,
P<0.001) and positively with circulating DKK1 (R?=0.775,
P=0.041) (Table 4).

The administration of oral Mg produced a significant
increase in the FE of Mgin the intervention group as compared
to controls (1.13+6.28 vs. 8.98 +4.49%, P=0.021) (Table 3). In
addition, the FE of Mg was also significantly correlated with
the PWV (R? =—0.900, P=0.037) as well as with the circulating
levels of PINP (R?=0.899, P=0.015) (Table 4).

No difference was observed between the controls and
the Mg-treated patients in the delta of change of plasma
P (0.03+0.78 vs. 0.27 +0.42 mg/dl, P=0.501), iFGF23 (11498
vs. 21+49pg/ml, P=0.805), PTH (42+194 vs. 8+32pg/ml,
P=0.657), and DKK1 levels (—33+77 vs. —91+90pg/ml,
P =0.154), although the levels of circulating DKK1 were signifi-
cantly reduced in the intervention arm at the end of the study
(204 + 88 vs. 113 +£45 pg/ml, P=0.037) (Table 3). When analyzed
the change in plasma SFRP1 for each group, we also observed

a significant reduction in the Mg-treated arm (2.78 £4.13 vs.
—0.65+1.50 pg/ml, P=0.027) (Table 3).

Effect of Mg supplementation on hemodynamic
parameters, progression of VC, and bone status

At the end of the study, the PWV was similar in the control
and the intervention group (—0.03+1.49 vs. 0.19+0.83m/s,
respectively, P=0.755) (Table 5). However, as previously men-
tioned, the PWV at the end of the follow-up was significantly
correlated with serum Mg and FE of Mg in urine only in the
intervention group (Table 4).

The change in VC scored according to Adragao index was
similar in both groups (Table 5), although the score slightly
increased without reaching statistical signification in the
control group (0.11+0.60) and remained unchanged in the
patients receiving Mg.

Bone mineral density assessed in column, hip, and femoral
neck, did not change significantly in both control and inter-
vention groups (6+ 34 vs. 9+ 46 mg/cm?, P=0.692; —6 + 34 vs.
—28+35mg/cm?, P=0.231; and 3434 vs. —11+35mg/cm?,
P=0.430, respectively) (Table 5). At the end of the follow-up,
the levels of the telopeptides PINP, marker of bone synthesis,
and plasma «-CTX and urine B-CTX, indicators of bone resorp-
tion, did not change following the administration of Mg, being
the respective delta of change 374280 vs. —36+113ng/ml
(P=0.524), —2.71+£3.33 vs. —0.54+6.90 g/l (P=0.474), and
0.04 4 0.34 vs. 0.15 +0.32 ng/ml (P=0.573) (Table 5).

Discussion

This study has evaluated the effect of the administration of
a supplement of Mg for 15 months to patients with CKD
stages 3—4 and VC. In particular, CKD progression, bone sta-
tus, and parameters related to mineral metabolism and VC
have been analyzed. The adherence to treatment was sug-
gested by a significant increase in the urinary excretion of
Mg in patients receiving Mg supplements; however, serum
levels of Mg remained stable. Estimated glomerular filtration
rate was not modified by the administration of Mg, as well
as bone mineral density and bone markers of bone resorp-
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9.42 £ 1.57
140 +£ 1.34
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0.430

0.428

3+34

0.792
0.657

0.524

0.433

849 + 296
7.56 + 7.30
0.66 + 0.33

885 + 288
8.10 + 4.92
0.51 + 0.24

37 + 280
—2.71 £ 3.33

0.474

0.856

0.075

Urine B-CTX (png/l)

0.573

0.15 £+ 0.32

0.309

0.04 + 0.34

0.766

Plasma a-CTX (ng/ml)

The comparison between the magnitude of the changes found in the normal and the experimental group is also shown. Data expressed as mean + standard deviation.

PWV: pulse wave velocity, BMD: bone mineral density, PINP: N-terminal propeptide of collagen alpha-1(I) chain, b-CTX: urine C-terminal telopeptides of Type I collagen, a-CTX: plasma C-terminal

telopeptides of Type I collagen.

tion or bone formation. Vascular calcification, assessed by
X-rays, did not improve after Mg supplementation. Neverthe-
less, in patients receiving Mg, the serum level of Mg and also
the FE Mg were inversely correlated with PWV, suggesting
an improvement in vascular compliance. Interestingly, strong
associations between FE Mg and PINP levels and PWV were
also observed. Neither BMD nor VC were modified in the group
of patients receiving oral Mg for 15 months.

Patients were treated daily with 360mg Mg carbonate
(28.7% of elemental Mg). The administration of Mg carbon-
ate, alone or in combination with calcium carbonate, has been
already associated with no increase or, at least, not symp-
tomatic increase in serum Mg levels.'*" In our study, serum
Mg levels remained unchanged in the treated group, with no
reported undesirable side effects.

Despite no changes in serum Mg levels, we found that the
Mg-treated arm exhibited a marked increase in the urinary
excretion of Mg, expressed as FE Mg. Altogether, the results
observed in both serum and urine Mgin the intervention group
might be interpreted as the result of the replenishment of
the intracellular Mg stores following supplementation, with
the excess of Mg being eliminated by urine excretion. This
supports the notion of the usefulness of urine as a source
to estimate Mg status, as it has been recently reported.'® In
this regard, it is important to consider whether Mg serum lev-
els might accurately represent the body Mg content. As it has
been previously published,'® total serum Mg might not pre-
cisely reflect the actual Mg availability. This is due to the fact
that ionized Mg is the biologically active form and it may be
affected by factors such as pH, the presence of other ligands, or
even alterations in the stability of the sample.?’ In addition,
it has been reported that less than 1% of total Mg is found
in serum.”! This fact might be particularly relevant in CKD
where, despite showing hypermagnesemia due to low filtra-
tion induced Mg retention, intracellular Mg stores may not be
repleted.’

One of the main goals of this work was to assess bone status
following the administration of a Mg supplement. Bone min-
eral density was evaluated at three levels: column, femoral
neck, and hip. The effect of Mg in bone has not been totally
clarified so far and it has been suggested a relationship
between Mg and osteoporosis.”” However, Spiegel et al. did not
find significant changes in vertebral BMD in dialysis patients
following the administration of Mg carbonate/Ca carbonate
for 18 months.?> More recently, two systematic reviews and
meta-analyses concluded that a higher Mgintake is associated
with increased hip and femoral neck BMD.?*?> In our study,
we did not find changes in BMD at the three locations eval-
uated. However, we determined the levels of PINP, a marker
of bone formation,?® and although circulating PINP did not
change after the follow-up, it showed a strong and positive
correlation with urine Mg excretion. In this regard, it should
be noted that the measurement of total PINP may be affected
since monomeric PINP accumulates in CKD.?” However, this
limitation was overcome in our study given that no changes
in the GFR occurred throughout the study.

Furthermore, plasma levels of DKK1 were significantly
reduced in those patients receiving oral Mg at the end of
the study. The role of DKK1 in bone metabolism has been
already studied. In fact, deletion of DKK1 is associated with
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an increase in bone formation,?® whereas DKK1 overexpres-
sion induces osteopenia.?’ Thus, it could be hypothesized that
Mg supplementation might induce an activation of Wnt/p-
catenin pathway by reducing the Wnt activators DKK1 and
SFRP1, thus contributing to better bone health. This notion
is supported by the findings reported by us, showing that
Mg acts as an osteoinductor in vitro, promoting the differ-
entiation of mesenchymal stem cells into osteoblasts in a
process that is mediated by Notch signaling.'? However, this
effect seems to be dual depending on Mg concentration.>°
Although it could not be ruled out that the bone response
to Mg is also altered under uremic conditions, we have
observed that the administration of high dietary Mg improved
bone parameters in CKD rats, suggesting an osteoblastogenic
effect similar to that found in vitro.2 Nonetheless, more stud-
ies are needed to clarify the mechanisms involved in this
effect.

The development and progression of VC is one of the most
frequent, complex, and serious complications in CKD. Calcifi-
cation was assessed in our study by calculating the Adragao
index in X-ray images of hands and pelvis. The impact of Mg
administration on the development and progression of VC has
been studied in both clinical and experimental approaches. In
uremic animals, several works have repeatedly reported the
effect that Mg exerts preventing and even reversing VC.®>! Dif-
ferent physicochemical and cell-mediated mechanisms have
been proposed to mediate this effect,?” but additional effects
as an inhibitor of inflammation and oxidative stress at vascu-
lar level have been recently suggested.* Clinical studies have
shown non-uniform results. In two quite recent works, Sak-
aguchi and cols. found that oral Mg administration slowed
down coronary arterial calcification, yet Bressendorf et al.
failed to find any change in this parameter. Such differ-
ences may be attributable to methodological differences in
the MAGICAL-CKD trial.>**> In our work, we did not detect
any differences in VC between the control and the Mg-treated
group, although the change over time in the intervention
group showed a trend to be lower. Magnesium oxide was
administered to patients in the work carried out by Sakaguchi,
containing a substantially higher amount of elemental Mg
(198 mg) when compared with the Mg compound used in our
study. In line with this effect at vascular level, we found an
interesting association between serum and urine Mg and PWV,
indicator of arterial stiffness. In this regard, several stud-
ies performed following different experimental approaches
have reported variable results.>* 8 Experimental studies have
demonstrated that the administration of dietary Mg to ure-
mic rats is associated with lower oxidative stress and reduced
expression of inflammatory markers at vascular level, along
with a better hemodynamic profile.* Altogether, these results
allow to hypothesize a possible direct effect of Mg on the vas-
cular wall.

We must admit some limitations in our study. First, the
study population comprised a low number of patients because
of the strict inclusion criteria and the fact that some patients
did not complete the study. In particular, some patients were
excluded from the experimental group due to lack of adher-
ence to treatment, which might have been due to the side
effects attributed to the administration of low doses of Mg,
such as abdominal pain and diarrheal stools. Second, although

unintentionally, the number of women was limited in our
study, which may lead to a gender bias. However, the dose of
Mg administered covers the requirements for both male and
female and therefore, similar effects derived from Mg sup-
plementation might be expected in both genders. Third, the
sum of the low sensitivity for longitudinal changes with the
limited sample could be related to the extreme values that
some patients had in the control group. Fourth, the follow-
up was 15 months, period that may be considered relatively
short compared with other studies. Finally, the Mg compound
administered may contain lower elemental or bioavailable
Mg in comparison with other molecules. Undoubtedly, these
factors alone or in combination might have contributed to
underestimate the effect of Mg on the parameters studied due
to methodological aspects or lack of statistical power.

Conclusions

In sum, the results obtained here add information on the
effects of Mg in parameters such as vascular stiffness, a key
factor in the progression of CKD, and to the occurrence of
undesirable cardiovascular events. Thus, it might be consid-
ered monitoring serum Mg levels and urinary excretion of Mg.
Nevertheless, more studies are needed to fully understand the
role of this element in the pathophysiology of CKD and its
complications.
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