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Serum magnesium level in maintenance hemodialysis and

cardiovascular calcification

Hayam H. Mansour?, Ragaa R. Mohamed?, Manal F. Khaled®, Esraa M. Khalil®

Background Patients with chronic kidney disease have a
high prevalence of vascular calcification, and cardiovascular
disease is the leading cause of death. Magnesium (Mg) is a
natural calcium antagonist and many studies have shown that
low circulating levels of Mg are associated with vascular
calcification.

Aim of the work The aim of the study was to assess the
relationship between serum Mg levels and vascular
calcification in chronic hemodialysis (HD) patients.

Patients and methods A cross-sectional study conducted
on 60 patients with end-stage renal disease on regular HD in
Al-Zahraa University Hospital (group ) compared with 30
healthy controls (group 1), from June to December 2017.
Patients with evidence of infection, chronic diarrhea,
ileostomy, and those receiving Mg-based phosphate binders
were excluded from the study. All studied groups were
submitted to clinical examination, renal function, lipid profile,
serum albumen, calcium, phosphorus, intact parathyroid
hormone, Mg, carotid duplex, echocardiography, ECG, and
lateral view plain abdominal radiograph.

Results There were highly significant differences regarding
Mg and carotid intimal medial thickness (CIMT) in group |
compared with group II: 1.51+0.28, 0.89+0.30 and 2.47+0.18,
0.45+0.08 respectively, P<0.001. Echocardiographic
findings showed calcified mitral and aortic valves in 12 (20%)

Introduction

Magnesium (Mg) plays an important role in the
regulation of vascular tone and heart rhythm. Mg
deficiency has been reported to  promote
inflammation, and it decreases the specific immune
response [1]. Mg also reduces total peripheral
resistance by stimulation of nitric oxide synthesis
and is a potent inhibitor of vascular calcification [2].

Serum Mg concentration is maintained in a narrow
range by the kidneys and the digestive tract in healthy
control. In dialysis patients, where the kidney function
is abolished, serum Mg concentrations are elevated and
its balance depends on the intake and most importantly
dialysate Mg concentration [3]. However, there is a
wide variability in Mg balance in dialysis patients and it
is not surprising that Mg balance may be normal or
even low in this population [4].

Cardiovascular disease is the leading cause of mortality
and morbidity in patients with chronic kidney disease
(CKD). Several traditional and nontraditional risk factors
have been identified as risk factors for the increased
mortality of end-stage renal disease patients. Vascular
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patients and calcified abdominal aorta by abdominal X-ray
radiograph in 20 (33.33%) patients. There were highly
significant negative correlation between serum Mg and CIMT
and abdominal aortic calcification in group I.

Conclusion The patients on maintenance HD have lower
serum Mg levels. It was associated with increased CIMT and
vascular calcification if compared with healthy group and
concomitant use of proton pump inhibitors may aggravate this
hypomagnesemia. So serum Mg level in maintenance HD
patients could be a potential biomarker for cardiovascular
calcifications.
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calcification is highly prevalent in end-stage renal disease
(ESRD) patients, occurs decades earlier than in the
general population, and its progression accelerates
dramatically once a patient initiates regular dialysis.
This is of great clinical significance, as the presence
and degree of calcification independently predicts
future cardiovascular events, as well as mortality [5].

Animal models have shown an association between
lower Mg levels and cardiovascular disease. In both
uremic and nonuremic rats, Mg-deficient diet with
subsequent hypomagnesemia was associated with
widespread tissue calcifications, increased large-artery
media thickness, collagen content, higher pulse
pressure, and mortality [6].

In ESRD patients receiving hemodialysis (HD), some
data suggest that hypomagnesemia is associated with
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increased all-cause and cardiovascular mortality [7].
However, these studies were conducted outside Egypt
and thus may not be generalizable to the Egyptian
dialysis population, given the varying dialysate Mg
concentrations used in different countries. Therefore,
we conducted what is to our knowledge the first study
investigating the association between serum Mg and
vascular calcification in adult Egyptian HD patients.

Patients and methods

This cross-sectional study of 60 patients with ESRD on
regular HD in Al-Zahraa University hospital dialysis
unit (group I) was compared with 30 age-matched and
sex-matched healthy controls (group II). The study was
done during the period from June to December 2017.
Patients included in group I were on regular HD for
more than 6 months, three times/week, 4 h/ session with
a dialysate Mg concentration of 0.5 mmol/L, without
evidence of infection confirmed with negative CRP and
willing to participate. Group I was further subdivided
into two groups: group Ia included patients on regular
intake of proton pump inhibitors (PPI) and group Ib
included patients not on PPI. Any patient who had a
history of chronic diarrhea, ileostomy or colostomy,
malignancy, receiving diuretics, or unwilling to
participate were excluded from the study. None of the
patients were receiving Mg-based phosphate binders or
other Mg-based medications. Written informed
consents were taken from all studied groups.

Full medical history and clinical examination were done
for all studied groups. All patients and control were
subjected to the following: blood wurea, serum
creatinine, serum albumin, total calcium, phosphorus,
total cholesterol, triglycerides, intact parathyroid
hormone (iPTH), and serum Mg were measured
using standard kits. The blood samples were taken
before before
anticoagulation to avoid interference with heparin.

midweek session

dialysis in a

Comprehensive  transthoracic ~ two-dimensional,

M-mode echocardiography, and Doppler were done

in standard views for the detection of ejection

fraction, valvular calcification, left ventricular
hypertrophy (LVH), segmental wall motion abnor-
malities using the VIVD7GE system (KPI

HEALTHCARE INC,, Yorba Linda, CA, USA).
Lateral view plain abdominal radiograph for the
assessment of abdominal aortic calcification score was
performed in the standing position using standard
radiographic equipment. Calcification of abdominal
aorta was graded using the scoring system described
by Kauppila ez a/. [8], in which both the location and

the severity of calcific deposits at each lumbar vertebral
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segment (L1-14) were evaluated as follows : A score of 0
denoted no aortic calcific deposits, 1 denotes small
scattered calcific deposits filled less than one-third of
the longitudinal wall of the aorta; 2 denotes one-third or
more but less than two-thirds of the longitudinal wall of
the aorta was calcified; and 3 two-thirds or more of the
longitudinal wall of the aorta was calcified. A separate
score was determined for the anterior and posterior aorta,
and the values were summed across the four vertebrae,
resulting in an abdominal aortic calcification index that
could range from 0 to 24 points. High-resolution B-
mode ultrasonography multifrequency 5-10 MHZ
linear probe (Siemens Sonoline G, Garnerville, NY,
USA) was used to measure carotid intimal medial
thickness (CIMT) of both carotid arteries which were
done in supine position while the patient neck rotated to
the opposite side with little hyperextension.

Data analysis

Data were analyzed by Microsoft Office 2003 (excel)
and Statistical Package for Social Sciences, version 16
(SPSS Inc., Chicago, Illinois, USA). Parametric data
were expressed as mean+SD, and nonparametric data
was expressed as number and percentage of the total. A
comparison of the mean+SD of the two groups was
done using paired and unpaired Student’s s-test and
measurement of the mutual correspondence between
two values was done using the Spearman’s correlation
coefficient. A Pvalue of greater than 0.05 is considered
insignificant; a P value of 0.05 or less is considered
significant; and a P value of less than 0.01 is considered

highly significant.

Results

Sixty patients with ESRD were on regular HD for
more than 6 months (group I); 26 (43.3%) of them
were women; 34 (56.6%) were men; their ages ranged
from 22 to 76 years, with a mean+SD of 55.25+12.45
years (Table 1). Thirty apparent healthy persons served
as the control group (group II); 14 (46.6%) of them
were women and 16 (53.3%) were men; their ages
ranged from 22 to 72 years with a mean=SD of 52.43+
14.27 (group II) (Table 1). The apparent causes of
ESRD were : 28 (46.6%) patients were hypertensive,
17 (28.3%) patients diabetic and hypertensive, six
(10%) patients of unknown cause, three (5%)

Table 1 Demographic data of groups | and I

Variables Group | Group I P
Sex [n (%)]
Males 34 (56.6) 16 (53.3) -
Females 26 (43.3) 14 (46.6) -
Age (mean+SD) (years) 55.25+12.45 52.43+14.27 NS
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patients having polycystic kidney disease, two (3.3%)
patients analgesic nephropathy, two (3.3%) patients
renal amyloidosis,one (1.6%) patient systemic lupus
erythematosus, and one (1.6%) patient with
obstructive nephropathy.

Among 60 HD patients none of them had
hypermagnesemia; however, 27 (45%) patients had

hypomagnesemia and 33 (55%) patients had normal
Mg levels.

Table 2 showed a highly significant comparison
between groups I and II as regarding blood urea,
serum creatinine, cholesterol, triglycerides, serum
iPTH, serum phosphorus, and serum Mg (P<0.001)
(Fig. 1), while there was no significant difference
between serum albumin and total calcium in both

groups (P=0.979 and 0.124, respectively).

There were no significant difference between men and
women on comparing both groups I and II as regards
age and all laboratory parameters.

There were highly significant increases in mean+SD of
CIMT in group I compared with group II (P<0.001)
(Fig. 2).

Table 3 shows the echocardiographic findings of group I;
we found 12 (20%) patients who had calcific aortic and
mitral valves, five (8.33%) patients who had calcified
aortic valve, two (3.33%) patients who had calcified
mitral valve, and 21 (35%) patients who had LVH
with segmental wall motion abnormalities. Five
(8.33%) patients had atrial fibrillation by ECG.
Abdominal lateral view radiograph showed 20
(33.33%) patients with calcification of abdominal aorta
affecting all four lumbar segments with an abdominal
aortic calcification score of greater than 1.

The correlation study in group I was done between
serum Mg and laboratory parameters. We found a

Table 2 laboratory data for groups | and Il

highly positive significant correlation with serum
albumin (7=0.350, P<0.01) and a negative significant
correlation with iPTH (»=-0.253, P<0.05) (Figs. 3
and 4) and nonsignificant correlation between blood
urea, serum creatinine, total cholesterol, triglycerides,
serum calcium, and phosphorus.

In this study, we found a significant negative
correlation between serum Mg and mean CIMT of
both sides in group I (r=-0.265, P<0.05) (Fig. 5).
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Comparison between mean carotid intimal medial thickness (CIMT)
in groups | and .

Variables Group | (meanxSD) Group Il (meanxSD) P value Significance
Blood urea (mg/dl) 134.52+38.09 28.00+6.59 <0.001 HS
Serum creatinine (mg/dl) 8.88+2.61 0.75+0.19 <0.001 HS
Total cholesterol (mg/dl) 161.23+37.52 125.37+30.71 <0.001 HS
Serum TG (mg/dl) 134.75+48.68 89.93+18.96 <0.001 HS
Serum albumin (g/dl) 3.80+0.34 3.80+0.24 0.979 NS
iPTH (pg/dl) 567.02+469.24 42.23+11.09 0.001 HS
Total Ca (mg/dl) 8.81+0.75 9.01+£0.47 0.124 NS
Serum Ph (mg/dl) 5.48+1.80 3.29+0.68 <0.001 HS
Serum Mg (mg/dl) 1.561+£0.28 2.47+0.18 <0.001 HS

Ca, calcium; HS, highly significant; iPTH, intact parathormone hormone; Mg, magnesium; Ph, phosphorus; TG, triglycerides.



Table 3 Echocardiographic, ECG, and radiologic findings in
group |

Findings n (%)
Calcific aortic and mitral valve 12 (20)
Calcified aortic valve 5 (8.33)
Calcified mitral valve 2 (3.33)
Segmental wall motion abnormalities and LVH 21 (35)
AF (by ECG) 5 (8.33)
Abdominal aorta calcification (abdominal radiograph, 20
lateral view) (33.33)

AF, atrial fibrillation; LVH, left ventricular hypertrophy.

Figure 3
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Correlation between serum Mg and intact parathyroid hormone
(iPTH) in group I.

According to the use of PPI we found highly
significant decrease in serum Mg in group Ia
compared with group Ib (1.39+0.21 vs. 1.69+0.27;
P<0.001), while there were nonsignificant
differences with other laboratory parameters (Fig. 6).

We found nonsignificant increase in CIMT in group Ia
compared with group Ib.

There were highly significant negative correlation
between serum Mg and iPTH (=-0.485; P<0.001)
and significant negative correlation with triglycerides
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Correlation between serum Mg and mean carotid intimal medial
thickness (CIMT) in group I.

Figure 6
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Comparison between Mg level in groups la and Ib.

(r=-0.263; P<0.05), while no significant correlation
with other laboratory parameters in group la (Table 4).

There were significant negative correlations between
serum Mg and CIMT in group Ia, (=-0.316,
P<0.001), while in group Ib there were no
significant correlations between serum Mg and

CIMT (Table 5).

Discussion

Studies from the general population have linked Mg
deficiency with endothelial dysfunction, insulin
resistance, hyperaldosteronism, and inflammation all
of which are associated with vascular calcifications [9].

Many studies suggest that hypomagnesemia occurs
more frequently among dialysis patients than
previously realized. This can be attributed to dietary
restrictions for ESRD patients who limit the intake of
Mg-rich foods including, nuts, seeds, dried fruits, and
dairy products and concomitant use of loop and
thiazide diuretics. In dialysis patients, the dialytic
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Table 4 Correlation between serum magnesium and different
laboratory parameters in group la

Variables r value Significance
Urea (mg/dl) -0.049 NS
Creatinine (mg/dl) 0.063 NS
Cholesterol (mg/dl) -0.209 NS
Triglycerides (mg/dl) -0.263 S
Albumin(g/dl) 0.203 NS
Calcium (mg/dl) 0.095 NS
Phosphorus(mg/dl) 0.132 NS
iPTH (pg/dl) -0.485 HS

HS, highly significant; iPTH, intact parathormone hormone; S,
significant.

Table 5 Correlation between serum magnesium and CIMT in
group la

Variables r value
CIMT (mean) (mm) -0.316 HS

CIMT, carotid intima-medial thickness; HS, highly significant.

Significance

procedure has the primary function of Mg removal;
therefore, the serum Mg concentration parallels the

dialysate Mg content [10].

In this study, Mg levels in patients on maintenance HD
were significantly lower than the control group. These
results are in agreement with the study done in
pediatric patients by Zaher ez a/. [11], while Metwalli
in 2016 in a study done on Saudi patients found that most
of his patients have hypermagnesemia, but around 25%
had below normal Mg level. He also added that patients
on peritoneal dialysis had lower levels of serum Mg when
compared with the HD group [12].

In our study, we found that patients echocardiographic
findings such as mitral valve, aortic valve calcification,
LVH, or arrhythmia had lower Mg level than those
without. These findings are in agreement with the
study by Silva ez a/. [13], which found an association
between mitral valve calcification in diabetic predialysis
patients. Also results from a large prevalent HD
population conclude that low Mg levels are a good
cardiovascular risk marker, associated with higher left
ventricle mass and vascular calcification, and a good
predictor of all-cause and cardiovascular mortality [9].

Several theories have been advanced to explain the
onset and progression of vascular calcification,
during which a central role is played by the vascular
smooth muscle cells. Endothelial cells’ exposure to low
Mg levels causes them to express an inflammatory
phenotype, and hypomagnesemia  is
associated with increased leukocyte and macrophage
activation, C-reactive protein, NF-kB, platelet
aggregation, and cytokines. Increased endothelial

in-vivo

permeability increases lipid penetration into the
vascular media, leading to the formation of foam
cells, plaques, and increased oxidative stress [14].

A meta-analysis report a 30% increase in cardiovascular
disease for every 0.49 mg/dl decrease in serum Mg
within the normal range [15].

In the present study, we found that abdominal aorta
calcification was detected by lateral view radiograph
and this agreed with the study done by some authors
who added that the abdominal aorta calcification score
is decreased by the addition of Mg supplementation to
dialysis patients and they suggests that Mg may act as a
possible inhibitor of vascular calcification [16].

In the current study we found significant negative
correlation between serum Mg and carotid intimal
thickness in the patient group; this is in agreement
with Turgut ez al. [17] who reported a negative
association between serum Mg levels and carotid
intima-media thickness in patients undergoing HD,
which was improved after 2 months supplementation
of oral Mg citrate.

In the current study, we found a negative correlation
between serum Mg and PTH in HD patients
compared with the control group; this could be
explained on the bases that Mg was thought to bind
the calcium-sensing receptors in the parathyroid gland
and might cause reduced PTH release [18]; this in
agreement with the results of some authors Mitwalli
[12] and Jodo Matias ez al [9], while other authors
found no correlation between Mg level and PTH
in predialysis CKD patients [19] and in peritoneal
dialysis population [20] and HD patients [21].Mg
supplementation has been reported to reduce carotid
intima-media thickness in dialysis patients. Mg is also
well recognized to prevent soft tissue calcification by
inhibiting hydroxyapatite formation and increasing
natural inhibitors of calcification such as fetuin A,
osteoprotegerin, and undercarboxylated-matrix Gla

protein [22].

The US Food and Drug Administration has issued a
warning that the prolonged use of PPIs may cause low
serum Mg levels, and recommends obtaining serum
Mg levels before prescribing PPI treatment in
patients who are expected to use these drugs for

long term [23].

The high-gastric pH present in PPI users may alter Mg
transport resulting in a tendency to gastrointestinal Mg

loss in all patients using PPIs [24].



In our study, we found that serum Mg is lower in
patients on daily intake of PPI, this is consistent with
many studies [24-27], while other studies did not find
any relation between serum Mg and PPI in HD
patients [28].

Conclusion

Hypomagnesemia is frequent among adult Egyptian
HD patients. It is associated with increased CIMT and
abdominal aorta calcification; meantime the use of PPI
could aggravate hypomagnesemia. Further study is
required to determine the effect of use of different
dialysate Mg concentrations on serum Mg level in HD
patients and we recommend maintaining a serum Mg
level in a high normal range either by diet modification
or by increased dialysate Mg concentration. We can
conclude that serum Mg level in maintenance HD
could be a potential biomarker for cardiovascular
calcification for further investigations.

Financial support and sponsorship
Nil.

Conflict of interest
There are no conflicts of interest.

References

1 Posadas-Sanchez R, Posadas-Romero C, Cardoso-Saldafa G, Vargas-
Alarcon G, Villarreal-Molina MT, Pérez-Hernandez N, et al. Serum
magnesium is inversely associated with coronary artery calcification in
the Genetics of Atherosclerotic Disease (GEA) study. Nutr J 2016; 15:22.

2 Kircelli F, Peter ME, Sevinc Ok E, Celenk FG, Yilmaz M, Steppan S, et al.
Magnesium reduces calcification in bovine vascular smooth muscle cells in
a dose dependent manner’. Nephrol Dial Transplant 2012; 27:514-521.

3 Ago R, Shindo T, Banshodani M, Shintaku S, Moriishi M, Masaki T, et al.
Hypomagnesemia as a predictor of mortality in hemodialysis patients and
the role of proton pump inhibitors: A cross-sectional, 1-year, retrospective
cohort study. Hemodial Int 2016; 20:580-588.

4 Nassiri AA, Hakemi MS. Serum magnesium level and cardiovascular
disease in dialysis patients. /Iran J Kidney Dis 2013; 7:2-4.

5 Jablonski KL, Chonchol M. Vascular calcification in end-stage renal
disease. Hemodial Int 2013; 17:10.

6 Adrian M, Chanut E, Laurant P, Gaume V, Berthelot A. A long-term
moderate magnesium- deficient diet aggravates cardiovascular risks
associated with aging and increases mortality in rats. J Hypertens
2008; 26:44-52.

7 Sakaguchi Y, Fujii N, Shoji T, Hayashi T, Rakugi H, Isaka Y.
Hypomagnesemia is a significant predictor of cardiovascular and non-
cardiovascular mortality in patients undergoing hemodialysis. Kidney Int
2014; 85:174-181.

8 Kauppila LI, Polak JF, Cupples LA, Hannan MT, Kiel DP, Wilson PW. New
indices to classify location, severity and progression of calcific lesions in
the abdominal aorta: a 25-year follow-up study. Atherosclerosis 1997;
132:245-250.

9 Jodo Matias P, Azevedo A, Laranjinha I, Navarro D, Mendes M, Ferreira C,

et al. Lower Serum magnesium is associated with cardiovascular risk factors
and mortality in haemodialysis patients. Blood Purif 2014; 38:244-252.

10

1"

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Serum Mg level in maintenance HD Mansour et al. 31

Tonya EAE, Tohamya MA, Amina NF, Abdel-Aalb AM, Rahima SA.
Correlations of serum magnesium with dyslipidemia in patients
on maintenance hemodialysis. J Egypt Soc Nephrol Transpl 2017;
17:8-29.

Zaher MM, Abdel-Salam M, Abdel-Salam R, Sabour R, Morsy AA, Gamal
D. Serum magnesium level and vascular stiffness in children with chronic
kidney disease on regular hemodialysis. Saudi J Kidney Dis Transpl 2016;
27:233-240.

Mitwalli AH. Why are serum magnesium levels lower in Saudi dialysis
patients? J Taibah Univ Med Sc 2017; 12:41e 46.

Silva AP, Gundlach K, Biichel J, Jerénimo T, Fragoso A, Silva C, et al. Low
magnesium levels and FGF-23 dysregulation predict mitral valve
calcification as well as intima media thickness in predialysis diabetic
patients. Int J Endocrinol 2015; 2015:308190.

Muhoz-Castafieda JR, Penddén-Ruiz de Mier MV, Rodriguez M,
Rodriguez-Ortiz ME. Magnesium replacement to protect cardiovascular
and kidney damage? Lack of prospective clinical trials. Int J Mol Sci 2018;
19:3.

Del Gobbo LC, Imamura F, Wu JH, de Oliveira Otto MC, Chiuve SE,
Mozaffarian D. Circulating and dietary magnesium and risk of
cardiovascular disease: a systematic review and meta-analysis of
prospective studies. Am J Clin Nutr 2013; 98:160-173.

Molnar AO, Biyani M, Hammond |, Harmon JP, Lavoie S, McCormick B,
et al. Lower serum magnesium is associated with vascular calcification in
peritoneal dialysis patients: a cross sectional study. BMC Nephrol 2017;
18:129.

Turgut F, Kanbay M, Metin MR, Uz E, Akcay A, Covic A. Magnesium
supplementation helps to improve carotid intima media thickness in
patients on hemodialysis. Int Urol Nephrol 2008; 40:1075-1082.

Ohya M, Negi S, Sakaguchi T, Koiwa F, Ando R, Komatsu Y, et al.
Significance of serum magnesium as an independent correlative factor on
the parathyroid hormone level in uremic patients. J Clin Endocrinol Metab
2014; 99:3873-3878.

Ortega O, Rodriguez |, Cobo G, Hinostroza J, Gallar P, Mon C, et al. Lack
of influence of serum magnesium levels on overall mortality and
cardiovascular outcomes in patients with advanced chronic kidney
disease. ISRN Nephrol 2013; 2013:191786.

Cho MS, Lee KS, Lee YK, Ma SK, Ko JH, Kim SW, et al. Relationship
between the serum parathyroid hormone and magnesium levels in
continuous ambulatory peritoneal dialysis (CAPD) patients using low-
magnesium peritoneal dialysate. Kor J Int Med 2002; 17:114-121.

Gohda T, Shou |, Fukui M, Funabiki K, Horikoshi S, Shirato I, Tomino Y.
Parathyroid hormone gene polymorphism and secondary hyper-
parathyroidism in hemodialysis patients. Am J Kidney Dis 2002;
39:1255-1260.

Kupetsky-Rincon EA, Li Q, Uitto J. Magnesium reduces carotid intima-
media thickness in a mouse model of pseudoxanthoma elasticum: a novel
treatment biomarker. Clin Trans! Sci 2012; 5:259-264.

US Food and Drug Administration. FDA Drug Safety Communication: Low
magnesium levels can be associated with longterm use of proton pump
inhibitor drugs (PPls). Available at: http://www.fda.gov/Drugs/DrugSafety/
ucm245011.htm. [Accessed 27 November 2017].

Misra PS, Alam A, Lipman ML, Nessim SJ. The relationship between
proton pump inhibitor use and serum magnesium concentration among
hemodialysis patients: a cross-sectional study. BMC Nephrol 2015;
16:136.

Alhosaini M, Walter JS, Singh S, Dieter RS, Hsieh A, Leehey DJ.
Hypomagnesemia in hemodialysis patients: role of proton pump
inhibitors. Am J Nephrol 2014; 39:204-209.

Koulouridis |, Alfayez M, Tighiouart H, Madias NE, Kent DM, Paulus JK,
et al. Out-of-hospital use of proton pump inhibitors and hypomagnesemia
at hospital admission: a nested case-control study. Am J Kidney Dis 2013;
62:730-737.

Zipursky J, Macdonald EM, Hollands S, Gomes T, Mamdani MM
Paterson JM, et al. Proton pump inhibitors and hospitalization with
hypomagnesemia: a population-based case—control study. PLoS Med
2014; 11:e1001736.

Erdem E. Proton pump inhibitors use in hemodialysis patients and serum
magnesium levels. Int J Clin Exp Med 2015; 8:21689-21693.


http://www.fda.gov/Drugs/DrugSafety/ucm245011.htm
http://www.fda.gov/Drugs/DrugSafety/ucm245011.htm

