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Introduction
End‑stage renal disease (ESRD) is 
a major life‑threatening disease that 
requires the patient to receive alternative 
therapies (e.g. dialysis or transplant). Due 
to the limitations of kidney transplantation, 
many patients with ESRD require dialysis 
to survive.[1] Hemodialysis (HD) is the most 
common type of dialysis used in many 
countries. In addition, more than 90% of 
dialysis patients in Iran are under HD.[2] HD 
is currently being used as a vital treatment 
for over 3,000 patients with chronic kidney 
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Abstract
Background: Chronic kidney disease (CKD) is a life‑threatening disease with numerous 
complications. Hemodialysis (HD) patients are prone to magnesium deficiency due to malnutrition, 
which can cause cardiovascular complications and increase mortality. The present study aimed to 
investigate the effects of sevelamer and calcium carbonate, as phosphate binders, on serum levels 
of magnesium, calcium, and phosphorus in HD patients. Methods: A parallel clinical trial was 
conducted on 54 patients undergoing HD at Kosar Hospital of Semnan. The inclusion criteria were 
end‑stage renal disease (ESRD), alternative HD treatment for at least 3 months 3 times a week, 
and serum phosphate levels greater than 4.5 mg/dL. The participants were randomly assigned to 
two groups of sevelamer (n = 27) and calcium carbonate (n = 27). If the participants were taking 
a phosphate binder, they were asked to stop it for 3 weeks. Participants in the sevelamer group 
received 800 mg of sevelamer at most three times a day and those in the calcium carbonate group 
were treated with 500 mg of calcium carbonate at most 3 times a day. Before and 3 months 
after the intervention, the serum levels of calcium, magnesium, and phosphorus were measured 
through the Arsenazo method using the Pars Azmun kit in the Selectra auto‑analyzer. Twenty‑one 
patients in the sevelamer group and 22 patients in the calcium carbonate group finished the study. 
Results: The results showed that calcium carbonate and sevelamer increased serum magnesium 
level by 0.20 (P = 0.028) and 0.26 (P = 0.002), on average, which were statistically significant. The 
administration of calcium carbonate did not significantly change serum calcium levels (P = 0.53), 
whereas sevelamer reduced serum calcium levels by 0.23 (P = 0.017), on average. This reduction 
was statistically significant. The results also indicated that none of the calcium carbonate (P = 0.099) 
and sevelamer (P = 0.543) caused significant changes in serum phosphorus levels. The study findings 
showed no significant difference between the two groups in terms of changes in the serum levels of 
magnesium (0.590), calcium (0.116), and phosphorus (0.113). Conclusions: Both drugs (Sevelamer 
and calcium carbonate) prevented hypomagnesemia and increased serum magnesium levels, but no 
significant differences were found in blood levels of calcium, phosphorus, and magnesium compared 
to the two drugs. Considering the effect of magnesium on cardiovascular diseases, increasing the 
serum magnesium levels through the administration of calcium carbonate and sevelamer can prevent 
the likelihood of cardiovascular diseases. However, none of the studied drugs was superior to the 
other in this regard.
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disease (CKD) in the US. According to 
the data published by the Foundation for 
Special Diseases Affairs and the Iranian 
Kidney Patients Support Charity, the 
number of patients with advanced chronic 
kidney disease (ACKD) reached about 
35,000 in 2006 and it is estimated to exceed 
40,000 by 2011 with an annual growth of 
12%.[3]

As the second most abundant intracellular 
cation, magnesium is essential for the 
regulation of several enzymes and cellular 
functions. Among the general population, 
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hypomagnesemia is largely associated with an increased 
risk of diabetes, hypertension, and cardiac arrhythmias as 
well as cardiovascular stimulation and mortality. Recent 
studies have shown that hypomagnesemia can be one of 
the causes of CKD and lead to increased cardiovascular 
mortality in patients with ESRD (requiring dialysis).[4]

In normal glomerular filtration rate (GFR), the kidney 
filters 2000–2400 mg of magnesium per day and 96% of 
filtered magnesium is reabsorbed in the renal tubules.[5] In 
patients with renal failure despite the impaired capacity 
of kidney for Mg excretion, low serum Mg levels have 
commonly been reported in patients receiving HD or 
peritoneal dialysis (PD).[6]

Serum magnesium levels in dialysis patients depend on 
magnesium intake, nutritional status (serum albumin), 
dialysis dose, and magnesium concentration in dialysis.[4]

Sevelamer is a non‑calcium phosphate binder used to 
control serum phosphorus levels and prevent hypercalcemia 
in dialysis patients. This drug is available in 400‑ and 
800‑mg forms and can be used with meals three times a 
day at doses of 800 mg to 1600 mg. Sevelamer also causes 
mild side effects such as nausea, dyspepsia, diarrhea, and 
constipation.

Calcium carbonate is another phosphate binder used to 
control phosphorus levels in patients with CKD undergoing 
dialysis. Some side effects of this drug include nausea, 
constipation, and hypercalcemia.[7]

Roza‑Diez et al. studied the effect of sevelamer on serum 
magnesium levels in dialysis patients and reported that 
this drug prevented hypomagnesemia.[4] De‑Francisco 
et al. investigated the effect of sevelamer on serum levels 
of magnesium and calcium and concluded that this drug 
increased both magnesium and calcium levels in dialysis 
patients. Therefore, sevelamer can be a suitable treatment 
for hyperphosphatemia.

Malnutrition is a major challenge to HD that makes 
patients prone to hypomagnesemia, causes cardiovascular 
complication and increases mortality. Previous studies have 
mostly dealt with the effect of sevelamer on phosphate 
levels and a few studies have investigated the effect of 
calcium carbonate or sevelamer on serum magnesium 
levels. Hence, this study aimed to investigate the effects 
of sevelamer and calcium carbonate, as phosphate binders, 
on serum levels of magnesium, calcium, and phosphorus in 
HD patients.

Methods
This parallel clinical trial was conducted on 54 patients 
undergoing HD at Kosar Hospital of Semnan in 2018. 
The Ethics Committee of Semnan University of Medical 
Sciences (IRCT20180831040912N1) approved the 
research. The inclusion criteria were ESRD, alternative 
HD treatment for at least 3 months 3 times a week, and 

serum phosphate levels of greater than 4.5 mg/dL. In 
addition, the exclusion criteria were acute cardiovascular 
and liver diseases, diarrhea during the last week before 
the intervention, history of ileostomy, colostomy or 
major gastrointestinal surgeries, taking cyclosporine, 
aminoglycoside, amphotericin B, furosemide or thiazide, 
and hypercalcemia.

The participants were briefed on sevelamer and calcium 
carbonate and their effects, they were assured that taking 
sevelamer and calcium carbonate did not harm them. 
Then a written consent form was obtained from them 
before assigning them to two groups and beginning the 
intervention. If the participants were taking a phosphate 
binder, they were asked to stop it for 3 weeks. Participants 
in the sevelamer group (n = 27) received 800 mg of 
sevelamer three times a day and those in the calcium 
carbonate group (n = 27) were treated with 500 mg of 
calcium carbonate at most 3 times a day. Before and 
3 months after the intervention, the serum levels of 
calcium, magnesium, and phosphorus were measured 
through the Arsenazo method using the Pars Azmun kit in 
the Selectra auto‑analyzer. Over the three months of the 
intervention, 11 patients were excluded from the study due 
to kidney transplant, a shift from HD to peritoneal dialysis, 
noncooperation in the intervention, and death. Finally, 
21 patients in the sevelamer group and 22 patients in the 
calcium carbonate group finished the study [Figure 1].

The data were statistically analyzed using the Kolmogorov–
Smirnov test, Chi‑square test, student’s t‑test, paired 
sample t‑test, and linear regression in SPSS 23. The level 
of significance was determined to 0.05.

Results
The results showed that 45.4% of participants from the 
calcium carbonate group (10 patients) and 61.9% of 
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Figure 1: Consort chart of study design
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participants from the sevelamer group (13 patients) were 
females. There was no significant difference between 
the two groups in this regard (P = 0.280). The mean 
age of participants was 66.1 ± 11.7 years in the calcium 
carbonate group and 57.5 ± 11.9 years in the sevelamer 
group. There was no significant difference between the 
two groups in terms of age (P = 0.22). Calcium carbonate 
and sevelamer increased serum magnesium levels by 
0.20 (P = 0.028) and 0.26 (P = 0.002), on average, which 
was statistically significant [Table 1]. Administration of 
calcium carbonate did not significantly change serum 
calcium levels (P = 0.53), whereas sevelamer reduced 
serum calcium levels by 0.23 (P = 0.017), on average. 
This reduction was statistically significant [Table 1]. 
In addition, the results indicated that none of calcium 
carbonate (P = 0.099) and sevelamer (P = 0.543) caused 
significant changes in serum phosphorus levels [Table 1]. 
Linear regression was performed in this study to 
investigate the concurrent effect of age, gender, and drug 
on the studied parameters. The results indicated that 
the type of drug had no significant effect on changes in 
the studied parameters. This means that there was no 
significant difference between sevelamer and calcium 
carbonate in terms of serum levels of magnesium (0.590), 
calcium (0.116), and phosphorus (0.113) [Table 2]. 
However, there was an inverse significant relationship 
between age and serum levels of magnesium (P = 0.045) 
and phosphorus (P = 0.025).

Discussion
Serum phosphorus levels should be specially taken into 
account in patients with CKD, because such patients should 
follow a low‑phosphate diet and take phosphate binders 
to prevent increased phosphorus levels. Many phosphate 
binders contain calcium. so calcium can be accumulated in 
some parts of the body and increases its serum levels.

Similar studies have been conducted around the world 
about the effects of sevelamer and other phosphate 
binders on serum levels of magnesium, calcium, and 
phosphorus. Recent recommendations of Kidney Disease: 
Improving Global Outcomes (KDIGO), affiliated with the 
International Society of Nephrology, emphasize serious 
administration of calcium‑containing phosphate binders to 

HD patients with high serum calcium levels.[8] The main 
advantage of magnesium‑containing phosphate binders 
such as magnesium carbonate is that they do not cause 
calcium overload and prevent hypercalcemia. Several 
studies have investigated the effects of sevelamer and 
other phosphate binders on serum levels of magnesium, 
calcium, and phosphorus and reported different results. 
Studies have shown that the administration of magnesium 
carbonate was associated with a decrease in the severity of 
vascular atherosclerosis and a decrease in cardiovascular 
mortality.[9] Prajapati et al. (2014) studied the effects 
of calcium acetate, calcium carbonate, sevelamer, and 
lanthanum carbonate on serum levels of phosphorus, 
calcium, and alkaline phosphatase 4, 8, and 12 weeks 
after the treatment and parathyroid hormone (PTH) levels 
12 weeks after the treatment. Their findings indicated that 
sevelamer and calcium carbonate had the greatest and the 
smallest effects on the reduction of serum phosphorus 
levels, respectively. Sevelamer and lanthanum carbonate 
did not significantly change serum calcium levels, whereas 
calcium‑containing phosphate binders significantly 
increased serum calcium levels, and calcium acetate had 
the greatest effect on raising serum calcium levels. Their 
results also suggested that sevelamer was more effective 
than other factors in reducing hypercalcemia.[10] This study 
also showed that the administration of sevelamer reduced 
serum calcium levels. However, unlike some previous 
studies, this study indicated that sevelamer did not 
significantly reduce serum phosphorus levels. The findings 
of this study also showed a significant increase in serum 
magnesium levels following treatment with sevelamer and 
calcium carbonate.

According to the findings of Prajapati et al., it can be stated 
that sevelamer can be effective in preventing hypercalcemia 
and both sevelamer and calcium carbonate are effective in 
preventing hypomagnesemia. However, none of them have 
significant effects on phosphate levels.

In a study conducted by Carole Nadin, sevelamer was 
effective in controlling the serum phosphate levels 
and reducing the lipids and also reduced the risk of 
hypercalcemia.[11] This is consistent with the findings of 
this study where the administration of sevelamer reduced 
the serum levels of calcium and phosphorus, although the 

Table 1: Mean and standard deviation of parameters studied in hemodialysis patients before and after calcium 
carbonate and sevelamer administration

PBefore interventionAfter interventionDrugParameters 
studied MeanStandard deviationMeanStandard deviation

0.0282.610.362.810.24calcium carbonateMagnesium
0.00202.630.152.900.33sevelamer
0.5308.350.820.4880.44calcium carbonateCalcium
0.0170878.0.518.64350.sevelamer
0990.364.830.0.754860.calcium carbonatePhosphorus
5430.864.1.1870.40.77Sevelamer
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reduction in phosphorus was not statistically significant.

Roza‑Diez et al. investigated the effects of sevelamer, 
calcium carbonate, and calcium acetate on dialysis patients 
and concluded that serum calcium levels were lower 
in patients who were treated with sevelamer than other 
patients. There was no significant difference between the 
three groups in terms of phosphorus level. In addition, 
serum magnesium levels were higher in patients who 
received sevelamer (P < 0.05) and serum magnesium 
levels were normal in the majority of them (P = 0.02). 
On the other hand, hypomagnesemia was observed in 
patients treated with proton pomp inhibitor (PPI). They 
also found the protective effect of sevelamer against 
hypomagnesemia (OR: 0.44, 95% CI: 0.21‑0.87). Their 
study showed the protective properties of sevelamer against 
hypomagnesemia, even considering the effects of PPI, 
although their findings questioned the effectiveness of 
sevelamer in the prevention of calcification.[4]

Serum magnesium levels of participants significantly 
increased after the administration of both drugs in this 
study (P = 0.002; P = 0.028), these drugs prevented 
hypomagnesemia and significantly increased serum 
magnesium levels although there was no significant 
difference between the two drugs in terms of changes 
in serum magnesium levels (0.590). Serum calcium 
levels significantly reduced after the administration of 
sevelamer (P = 0.017) but insignificantly increased after 
the administration of calcium carbonate (P = 0.53). This is 
consistent with the findings of Roza‑Diez et al. However, 
there was no significant difference between the two drugs 
in terms of serum calcium levels (P = 0.116), which is 
inconsistent with the results of Roza‑Diez et al. Reduced 
serum phosphorus levels were significant in none of the 
groups (P = 0.543; P = 0.099). This can be attributed 
to a small sample size, different laboratory methods, 
and different low‑phosphate diets of patients or drug 
interactions.

Moreover, Roza‑Diez et al. reported that a considerable 
number of patients with hypomagnesemia were under 
treatment with PPI, something which was not taken into 
account in this study.

The findings of Mitsopoulos et al. indicated that the 
administration of sevelamer reduced serum phosphate 
levels (P < 0.001) and iPTH (P < 0.001) but increased 
serum magnesium levels (P < 0.001). They also reported 
a significant reduction in low‑density lipoprotein (LDL) 
and cholesterol and an increase in high‑density 
lipoprotein (HDL) and apolipoprotein levels (P < 0.001) 
following the administration of sevelamer.[12] Consistent 
with these findings, there was a significant increase in 
serum magnesium levels but an insignificant decrease 
in serum phosphorus levels in HD patients treated with 
sevelamer in this study.

Hervas et al. observed a significant decrease in serum 
phosphorus levels of patients treated with sevelamer or 
calcium carbonate and also reported the lipids profile 
of patients who received sevelamer. Their results also 
demonstrated the effectiveness of sevelamer in reducing 
serum phosphorus levels and preventing atherosclerosis in 
HD patients.[13]

Savica (2008) showed that the administration of sevelamer 
substantiates serum phosphorus levels.[14] This is 
inconsistent with the findings of this study where sevelamer 
insignificantly reduced serum phosphorus levels. This can 
be attributed to the smaller size of the study population, 
the use of different laboratory methods and kits, different 
phosphate‑containing diets followed by patients, and the 
ways phosphate binders were taken by them.

De‑Francisco et al. compared the effects of sevelamer 
and calcium acetate/magnesium carbonate in 326 patients 
under dialysis. Their results indicated that phosphorus 
levels dramatically reduced in both groups but there was 
no significant difference between them. Administration of 
calcium acetate/magnesium carbonate pills led to a slight 
increase in the total serum calcium levels but caused 
no change in ionized calcium levels. In addition, there 
was a non‑symptomatic increase in serum magnesium 
levels in patients who were treated with calcium acetate/
magnesium carbonate.[15] Consistent with this finding, 
calcium carbonate increased serum calcium levels in 
the present study. Calcium carbonate also insignificantly 
increased serum phosphorus levels. In addition, the 
administration of sevelamer caused an insignificant 
decrease in serum phosphorus levels. Increased serum 
phosphorus levels in the calcium carbonate group can be 
probably attributed to the small sample size and different 
diets of participants in this study. Both sevelamer and 
calcium carbonate increased serum magnesium levels but 
there was no significant difference between them in this 
regard.

In another study, De‑Francisco et al. (2014) reported 
that optimal serum phosphate levels were achieved by 
administering magnesium carbonate and stated that 
magnesium carbonate was more effective than calcium 
acetate in this regard.[16]

Table 2: Comparison of the effect of Sevelamer and 
Calcium Carbonate on serum magnesium, Calcium and 

phosphorus levels
Difference Drug Mean Standard 

deviation
P

Magnesium Calcium Carbonate 0.2000 0.39881 0.590
Sevelamer 0.2619 0.34565

Phosphorus Calcium Carbonate 0.3864 1.05121 0.113
Sevelamer ‑0.1524 1.12899

Calcium Calcium Carbonate 0.1273 0.93411 0.116
Sevelamer ‑0.2286 0.40391
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Arroyo et al. studied the effects of magnesium carbonate 
as a replacement for aluminum hydroxide and showed that 
this drug significantly reduced phosphate (P = 0.027) but 
had no effects on serum levels of calcium and PTH.[17]

Luci Setiani et al. investigated the effects of calcium‑based 
phosphate chelators on serum levels of calcium and 
phosphorus in patients under HD and showed that 23%, 
42.7%, and 34.3% of participants exhibited hypocalcemia, 
normocalcemia, and hypercalcemia, respectively. 
However, hypophosphatemia, hyperphosphatemia, and 
normophosphatemia were observed in 14.6%, 53.1%, 
and 32.3% of participants. They also stated that the way 
phosphate binders are taken affects therapeutic results.[18]

Since the above‑mentioned research was a qualitative 
study, its results cannot be compared with the findings 
of this study. However, given that phosphate binders 
caused no significant decrease in serum phosphorus 
levels in this study, it can be stated that the results were 
somewhat similar. In the study by Luci Setiani et al., 
46.9% of participants exhibited normal or low levels 
of phosphorus after treatment with phosphate binders 
and serum phosphorus levels were high in half of them. 
This can be consistent with the findings of this study 
where there were no significant difference between the 
pre‑ and post‑intervention serum phosphorus levels. 
Administration of calcium carbonate caused hypercalcemia 
in this study, although this change was not statistically 
significant. Moreover, 34% of participants in this study 
were hypercalcemic. Different results of these two studies 
can be attributed to different sample sizes and different 
phosphate‑containing diets of participants.

In a systematic review and meta‑analysis through 20 
original papers and abstracts in 2019, the association 
between magnesium and mortality in chronic renal failure 
and dialysis patients was assessed.[19]

According to the KDIGO guideline, the diagnosis and 
treatment of calcium and phosphorus disorders have been 
identified but magnesium disorders were not considered.[8] 
With due attention to the association between magnesium 
and mortality in HD patients and chronic renal failure, 
nephrologists should have greater attention to magnesium 
monitoring in these patients. The importance of our study 
demonstrates the preventive effects of sevelamer and 
calcium carbonate on hypomagnesemia.

Some of our research limitations were: few number of 
patients who met the inclusion criteria and a single center 
study. It recommended that further studies with a larger 
sample size and multicenter should be performed.

Conclusions
Administration of sevelamer to patients with CKD 
increased serum magnesium levels and decreased serum 
calcium levels but had no significant effect on serum 

phosphorus level. In addition, calcium carbonate increased 
serum magnesium levels but had no significant effect on 
serum levels of phosphorus and calcium in patients with 
CKD. The results demonstrated no significant difference 
between these two drugs in terms of their effects on serum 
levels of calcium, magnesium, and phosphorus. Considering 
the effect of hypomagnesemia on cardiovascular diseases, 
the administration of calcium carbonate and sevelamer 
can prevent cardiovascular disease. However, none of the 
studied drugs was superior to the other in this regard. Since 
the results were not statistically significant in some cases 
such as serum phosphorus levels, there is a need for similar 
studies with larger sample sizes.
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