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Abstract: Objective: The aim of this study is to investigate the relationship between serum magnesium and parathyroid
hormone levels in hemodialysis patients. In addition to, study the prevalence of parathyroid disorders among hemodialysis
patients.

Methods: it is (Cross- Sectional) Study conducted for the period of one year (May 2019 —May 2020) at Tishreen University
Hospital in Lattakia- Syria. The study included 82 patients with chronic kidney disease (CKD) undergoing hemodialysis,
Laboratory analysis of calcium; phosphorous, magnesium and parathyroid hormone were conducted for all patients before
starting the dialysis session. The values of PTH were compared according to the serum magnesium, we also studied the
prevalence of parathyroid disorders among hemodialysis patients.

Results: The mean age was (51.62 years), and the mean duration of dialysis was (4.09 years), and (60% males, 40%
females). We found in all patients normal or high serum magnesium, (36.58 % normal, 63, 42 % high), the mean of
magnesium (2.78 mg/dl), and the mean of PTH (295 Pg/ml), mean of calcium (8.64 mg/dl), mean of phosporous (5.6
mg/dl). we found statistically significant differences in PTH between the group of patients with normal magnesium and the
group with hypermagnesium (Mg>2.5 mg/dl), where the mean PTH values were (339.4 + 68 pg/ml) in the normal
magnesium group, and the mean PTH was (272.3 + 43 pg/ml) in the hypermagnesium group (P.value=0.01).We found a
negative linear correlation between magnesium and PTH (r=- 0.311, p=0.03), We also found that the values of PTH were
outside the acceptable range (2- 9 times the upper normal limit) in (24.4%)of patients.

Conclusions: There is a statistically significant inverse relationship between serum magnesium and PTH, and this

relationship is independent of calcium and phosphorous
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Introduction.

Hyperparathyroidism is a common complication in patients with chronic kidney disease, and is
characterized by an imbalance of calcium, phosphorous and vitamin D [1] which is associated with
increased cardiovascular morbidity and mortality [2] [3] and is an economic problem in CKD patients [4]

Secondary hyperparathyroidism occurs in response to calcium and calcitriol deficiency and
phosphorous retention caused by deteriorating renal function [5], and therefore, studies have focused on
the role of calcium and phosphorous balance in controlling secondary hyperparathyroidism [6] [7],

Currently, many studies have shown that magnesium plays an important role in the
pathophysiology of cardiovascular morbidity and mortality in patients with Chronic Kidney Disease—
Mineral and Bone Disorde (CKD- MBD) [8] [9]. Several studies have also shown the association between
magnesium deficiency, increased vascular calcifications, and cardiovascular mortality in patients with
end- stage renal disease [10] [11]. In addition, treatment with magnesium- containing preparations
contributed to a decrease in PTH secretion [12].

The studies also showed the correlation between serum and dialysate magnesium in patients
with Hemodialysis (HD). When the dialysate magnesium concentration was changed from 1.8 mg/dL to
0.5 mg/dL, the mean serum magnesium concentration decreased from 2.7 mg/dL to 2.2 mg/dL, and a rise
in Their PTH levels was observed [13 [14]

Therefore, interest has increased in studying the relationship between serum magnesium and
parathyroid hormone, as it is believed that magnesium has a similar role to calcium in regulating PTH

secretion. [15].
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Studies showed that the role of hypermagnesium in inhibiting PTH secretion is greatest in the
case of moderate calcium deficiency, while this inhibition was not significant in the case of hypercalcemia
or severe hypocalcemia [16].

Also, severe magnesium deficiency (less than 0.5 mm/dl) has an inhibitory effect on PTH
secretion, as the inhibition of intracellular protein signaling Gai/q occurs, which leads to structural
activation of calcium- sensing receptor (CaSR), and this effect is constant regardless of the change in
serum calcium values [17] [18].

Therefore, we aimed to study the relationship between serum magnesium concentration and

parathyroid hormone levels in hemodialysis patients.

Patients and methods.

This is a cross- sectional, descriptive observational study conducted on chronic hemodialysis
patients who started hemodialysis at least 3 months ago in Tishreen University Hospital between 2019-
2020, The exclusion criteria were: patients who underwent partial or total parathyroidectomy, and
patients taking magnesium- containing preparations.

This study included 82 patients with end- stage renal disease treated with hemodialysis, they
undergo two HD sessions per week using a high- flux polysulfone dialyzer, on the Fresenius 4008S device,
with a blood flow rate of 200- 250 ml/ minute, and the flow of dialysate was 500 ml/min, and the
concentration of magnesium in the dialysate was 0.5 mm/I.

Laboratory tests were conducted before starting the dialysis session for Magnesium, PTH,
Calciume, Phosphorous, Alkaline phosphatase, Hemoglobin, Albumine, Creatinin, Urea.

The normal range for magnesium was considered (1.7- 2.5 mg/dl), the normal range for PTH was
considered (8.7- 79 Pg/ml), and the acceptable range of PTH was considered from 2- 9 times the upper

limit of the normal range according to KDIGO. Total calcium values were corrected for albumin values.

Statistical Analysis

Results are presented as mean and standard deviation (SD). Differences in categorical variables
were analyzed using the chi- square test. Student’s t- test was used to compare the mean of quantitative
variables between groups. Possible relationships between serum levels of PTH and those of Ca, P, and Mg
were evaluated by linear correlation analysis. P- value less than 0.05 is considered significant.

Computations were performed with the IBM SPSS statistics (Version 22).

Ethical consideration:
All patients were provided a complete and clear informed consent after the discussion about the

study. This study was performed by the Declaration of Helsinki.
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Results.

The demographic and clinical parameters of the 82 patients included in the study were as shown
in Table (1). The mean age was (51.62 + 15.13 y).), (49 males, 33 females). the mean of PTH was (295 +
131.52 pg/ml), and mean of magnesium was (2.78 + 0.49 mg/dl), 65 patients were received vitamin D,
and 67 patients were received calcium carbonate as phosphate binder.

Table (1) Demographic and Clinical parameters characteristics of the study population

Age (year) 51.62+15.13

Sex (female/male) (n) 33/49
Time on dialysis (year) 4.09+2.14
Receive Vitamin D (n) 65
Receive Calcium carbonate (n) 67
Magnesium (mg/dl) 2.78+0.49
iPTH (pg/ml) 295 +131.52
Creatinin (mg/dl) 8.75+2.75
Urea (mg/dl) 125.7£31.2
Hemoglobin (g/dI) 8.7+ 1.59
Albumine (mg/dl) 3.95+0.32
Alkaline phosphatase (mg/dI) 140.5 + 65
Calciume (mg/dl) 8.64+1.2
Phosphorous (mg/dl) 56+1.4

The etiology of end- stage renal disease (ESRD) was nephrosclerosis (35.3%), diabetic

nephropathy (31.7%), chronic glomerulonephritis (6%), polycystic kidney disease (4.8%), others (drugs,

congenital, ...) (8.5%), and unknown (13%), fig (1).

® nephrosclerosis

m diabetic nephropathy

m unknown
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Fig (1) —etiology of end- stage renal disease (ESRD) in 82 hemodialysis patients
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We classified the patients into two groups according to their serum Mg levels, 30 patients with
normal Mg (mg < 2.5 mg/dL) and 52 patients with high Mg (mg > 2.5 mg/dl).serum P and serum Mg level
were different between the two groups (Table 2). Age, diabetes, creatinin, alkaline phosphatase (ALP),
hemoglobin, albumine, calcium, and administration of vitamine D were not different between the groups.
There was a significant difference between the groups for iPTH level and phosphorous.

Serum intact PTH levels showed significant inverse correlation with serum Mg level (r=—0.311;P

=0.01), Fig (2).

Table (2) Characteristics of the 82 Patients Classified According to Serum magnesium Level

Magnesium > Magnesium <
2.5 (mg/dl) 2.5 (mg/dl) Fvalle
number of patients 52 30
Age (year) 52.6+15.1 49.8 +15.1 0.2 T student
Time on dialysis (year) 42421 38+23 0.25 T student
Sex (male) (n) 30 19 0.61 chi
Diabetes (n) 18 8 0.45 chi
Receive Vitamin D (n) 36 29 0.13 chi
Receive Calcium carbonate (n) 45 22 0.13 chi
iPTH (pg/m|) 272.3+43 339.4+ 68 0.01 T student
Hemoglobin (g/dl) 88+1.7 8.6+13 0.27 T student
Alkaline phosphatase (mg/dl) 130.0 £ 21 158.7 £34 0.08 T student
Calciume (mg/dl) 88+13 82+08 0.11 T student
Phosphorous (mg/dl) 52+13 6.6+ 1.1 0.045 T student
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Fig (2) Relationship between serum magnesium concentration and PTH levels in 82 hemodialysis
The mean value of iPTH was 295 pg/mL.we divided patients into two groups according to iPTH
level being lower or higher than the mean value. magnesium, calcium, Phosphorous, and Alkaline
phosphatase level were different between the two groups (Table 2).
The serum Mg level was significantly higher in patients with low PTH levels (3.10 vs 2.69, P<01).

Table (3) Characteristics of the 82 Patients Classified According to Serum Intact PTH Level

iPTH >295 iPTH <295
P. value
(pg/mi) (pg/mi)
number of patients 47 35

Age (year) 50.5+14.8 52+15.8 0.45 T student
Time on dialysis (year) 4.3+2.15 3.75+2.06 0.46 T student

Sex (male) (n) 31 18 0.68 Chi2

Diabetes (n) 15 11 0.68 Chi2

Recive Vitamin D (n) 37 28 0.13 Chi2

Recive Calcium carbonate (n) 43 24 0.83 Chi2
Magnesium (mg/dl) 2.69+0.47 3.10 £ 0.41 <0.01 T student
Hemoglobin (g/dl) 8.54 +1.51 9.52 +1.56 0.09 T student
Alkaline phosphatase (mg/dl) 158.26 +45.22 105.7 £23.76 <0.01 T student
Calciume (mg/dl) 8.45+1.11 9.37+1.34 <0.01 T student
Phosphorous (mg/dl) 6.05+1.36 4.83+1.27 <0.01 T student
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In the multivariate regression analysis of correlations with serum iPTH level, the serum Mg level
independently correlated after adjustment for other factors (P=013) (Table 4).

Table (4) multivariate correlations between intact parathyroid hormone (iPTH) levels and other

factors.
Model Multivariate- 3 P.value
P 0.42 0.012
ALP 0.38 0.01
Ca -0.29 0.025
Mg -0.21 0.013

Discussion.

Our observational study found that a high level of serum Mg was high among this group of
Hemodialysis patients, 63.4 % of patients have Hypermagnesemia. In this study, we did not find any
patient with magnesium values lower than the normal range and this is consistent with other studies that
found that hypermagnesemia is predominant in hemodialysis patients, as in the study of Navarro et al
[19], which found hypermagnesemia in 73% of patients, and it is also consistent with the study of Ohya et
al [20] where hypermagnesemia was found in 53.9% of uremic patients. In this study, patient undergoes
Two HD sessions per week, which explains the high magnesium values we have compared with other
studies that use the same concentration of magnesium in the dialysate, considering that hemodialysis is
the only method to excrete magnesium in patients with hemodialysis, especially with neglect of residual
renal function.

Multiple abnormalities contribute to the development of secondary hyperparathyroidism in CKD
patients. Serum Ca, vitamin D, fibroblast growth factor- 23, and serum P levels have a key role in
regulating PTH. Ca is the dominant activator of the calcium- sensing receptor (CaSR), but Mg can also
activate it, although with 2- to 3- fold less efficacy than Ca. Therefore, serum Mg may have a role in
regulating the secretion of PTH. The correlation between serum Mg and PTH levels in patients undergoing
HD has been investigated in previous studies (19, 21) and they found negative correlation between PTH
and serum magnesium in hemodialysis patients. In this study, an inverse relationship was found between
serum magnesium and parathyroid hormone concentrations (r=- 0.311, P.value = 0.03). And In the
multivariate regression analysis of correlations with serum iPTH level, the serum Mg level independently
correlated after adjustment for other factors (r=- 0.21, P. value =0.013), In the study of Ohya et al [20],
magnesium was found to be an independent correlation factor with parathyroid hormone in patients with
uremia, and the study of Navarro et al [19] showed a significant inverse relationship (r =- 0.48; P < 0.001
between magnesium and PTH, while In the study of El okely et al [22], did not find any statistically

significant relationship between serum magnesium and PTH. n this study, 62 patients (75.6%) were found
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to have PTH values within the required range according to KDIGO, while 13 patients (16%) had PTH
values above the required range. In comparison with the study of Li Zuo [13], it was found that (39.1%) of
the hemodialysis patients had PTH within the required range, and 29.7%) of the patients had a PTH higher
than the required range.

In summary, our study showed that a high level of serum Mg is common in hemodialysis patients.

In these patients, there was a significant inverse correlation between the serum Mg and iPTH levels.

References.

1- Levin A, Bakris GL, Molitch M et al. Prevalence of abnormal serum vitamin D, PTH, calcium, and
phosphorus in patients with chronic kidney disease.resultsof the study to evaluate early kidney
disease. Kidney Int 2007 Jan; 71 (1): 31- 8

2- De Boer IH, Gorodetskaya I, Young B, Hsu CY, Chertow GM. The severity of secondary
hyperparathyroidism in chronic renal insufficiency is GFR- dependent, race- dependent, and
associated with cardiovascular disease. ] Am Soc Nephrol 2002; 13 (11): 2762-9

3- Ganesh SK, Stack AG, Levin NW, Hulbert- Shearon T, Port FK. Association of elevated serum PO (4),
Ca x PO (4) product, and parathyroid hormone with cardiac mortality risk in chronic hemodialysis
patients. ] Am Soc Nephrol 2001 Oct; 12 (10): 2131- 8

4- Lee A, Belozeroff V, Song X, Diakun D, Goodman W. Costs of treatment and clinical events for
secondary hyperparathyroidism. Am ] Pharm Benefits 2013; 5 (2): e24- €35

5- Martin K], Gonzalez EA. Metabolic bone disease in chronic kidney disease. ] Am Soc Nephrol 2007
Mar; 18 (3): 875- 85. DOI: /10.1681/ ASN.2006070771

6- West SL, Swan V|, Jamal SA. Effects of calcium on cardiovascular events in patients with kidney disease
and in a healthy population. Clin ] Am Soc Nephrol. 2010; 5 (Suppl1): S41-S47.

7- El- Abbadi MM, Pai AS, Leaf EM, et al. Phosphate feeding induces arterial medial calcification in
uremic mice: Role of serum phosphorus, fibroblast growth factor- 23, and osteopontin. Kidney Int.
2009; 75:1297-1307

8- Champagne CM. Magnesium in hypertension, cardiovascular disease, metabolic syndrome, and other
conditions: A review. Nutr Clin Pract. 2008; 23: 142—151.

9- Hruby A, O'Donnell CJ, Jacques PF, et al. Magnesium intake is inversely associated with coronary
artery calcification: The Framingham Heart Study. JACC Cardiovasc Imaging. 2014; 7: 59—69

10- Kanbay M, Yilmaz MI, Apetrii M, et al. Relationship between serum magnesium levels and
cardiovascular events in chronic kidney disease patients. Am | Nephrol. 2012; 36: 228—237.

11- Salem S, Bruck H, Bahlmann FH, et al. Relationship between magnesium and clinical biomarkers on

inhibition of vascular calcification. Am ] Nephrol. 2012; 35: 31-39.

Relationship Between Serum Magnesium (86)

and Parathyroid Hormone Levels Abdulaziz, Saied, Redwan



82022 55555 = AN 23} - (putbaad) laal) - ¥ apall g Lyl o slal) Ala — a1 iy al] Ay jad) Al

12- McGonigle R], Weston M|, Keenan |, et al. Effect of hypermagnesemia on circulating plasma
parathyroid hormone in patients on regular hemodialysis therapy. Magnesium. 1984; 3: 1-7.

13- Nilsson P, Johansson SG, Danielson BG: Magnesium studies in hemodialysis patients before and after
treatment with low dialysate magnesium. Nephron 1984; 37: 25—29.

14- Navarro JF, Mora C, Garcia ), Macia M, Gallego E, Chahin |, et al: Hypermagnesemia in CAPD.
Relationship with parathyroid hormone levels. Perit Dial Int 1998; 18: 77—80.

15- Rodriguez— Ortiz ME, Canalejo A, Herencia C, Martinez- Moreno M, Peralta- Ramirez A, Perez-
Martinez P, Navarro- Gonzalez JF, RodriguezM, Peter M, Gundlach K, Steppan S, Passlick- Deetjen J,
MufiozCastafieda JR, Almaden Y: Magnesium modulates parathyroid hormone secretion and
upregulates parathyroid receptor expression at moderately low calcium concentration. Nephrol Dial
Transplant2014; 29: 282—289.

16- Oxford Textbook of Clinical Nephrology FOURTH EDITION. CHAPTER 115.P916.

17- Quitterer U, Hoffmann M, Freichel M, Lohse M]. Paradoxicalblock of parathormone secretion is
mediated by increased activity of G alpha subunits. | Biol Chem 2001; 276: 6763—6769.

18- Vetter T, Lohse MJ. Magnesium and the parathyroid. Curr Opin Nephrol Hypertens 2002; 11: 403—
410.

19- Navarro JF, Mora C, Jimenez A, Torres A, Macia M, Garcia J. Relationship between serum magnesium
and parathyroid hormone levels in hemodialysis patients. Am ] Kidney Dis 1999; 34: 43—48.

20- Ohya M, Negi S, Sakaguchi T, et al. Significance of serum magnesium as an independent correlative
factor on the parathyroid hormone level in uremic patients. ] Clin Endocrinol Metab. 2014; 99: 3873—
3878

21- . Baradaran A, Nasri H: Correlation of serum magnesium with serum parathormone levels in patients
on regular hemodialysis. Saudi ] Kidney Dis Transpl 2006; 17: 344—350.

22- Amir Mohammed El okely, Ahmed Ghareeb Menshawy, Mohamoud Hosny Zahran. Correlation
between Serum Magnesium and Parathyroid Hormone in Hemodialysis Patients. Benha medical
journal, special issue (Internal medicine and Hepatology), 2020; vol. 37

23- Zuo L, Wang M; , for Beijing Blood Purification Quality Control and Improvement Center. Current
status of maintenance hemodialysis in Beijing, China. Kidney Int Suppl (2011). 2013 May; 3 (2): 167-
169. doi: 10.1038/kisup.2013.6. PMID: 25018982; PMCID: PMC4089754

Relationship Between Serum Magnesium (87)

and Parathyroid Hormone Levels Abdulaziz, Saied, Redwan



