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Abstract

Introduction: Hyperlipidemia and hyperuricemia are important complications of renal failure, especially in patients underlying dialysis,
therefore, it is important to control these complications with more effective therapies which have lower side effects and costs. Sevelamer
is an agent that binds to bile acids and impairs fat absorption and also reduces the absorption of fat-soluble vitamins.

Objectives: In this study, the effect of sevelamer carbonate and sevelamer hydrochloride was investigated on serum levels of cholesterol,
triglyceride and uric acid.

Patients and Methods: In a randomized clinical trial, patients undergoing maintenance hemodialysis who were treated with sevelamer
carbonate and sevelamer hydrochloride were enrolled in the study and evaluated for complications and outcomes. After one month,
cholesterol, triglyceride and uric acid levels were measured. Data were analyzed at a significance level of less than 0.05 using t-test,
ANOVA, Mann-Whitney U and the Kruskal-Wallis tests.

Results: In sevelamer hydrochloride group changes in levels of cholesterol, triglyceride and uric acid were 18.80 + 28.19 mg/dL, 25.52 +
73.80 mg/dL and 0.85 + 2.10 mg/dL, respectively. In sevelamer carbonate group, differences for cholesterol, triglyceride and uric acid were
10.17 £23.66 mg/dL, 3.84 + 34.57 mg/dL and 0.60 + 1.59 mg/dL mg/dL, respectively. Sevelamer hydrochloride reduced serum cholesterol
(P =0.321), triglyceride (P = 0.129) and uric acid (P = 0.679) levels more than sevelamer carbonate, however these differences were not
significant.

Conclusion: Due to the better clinical effect of sevelamer hydrochloride, it can be recommended in patients with chronic renal failure with
overload of phosphorus accompanied by lipid disorders, especially hypercholesterolemia.

Trial Registration: The trial protocol was approved by the Iranian Registry of Clinical Trial (identifier: IRCT20141016019554N13, https://
en.irct.ir/trial/28916, ethical code; IR.ZUMS.REC.1397.352).
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Introduction

End-stage renal disease (ESRD) is one of the most
important and life-threatening condition that requires
to kidney replacement therapy (dialysis or transplant).
Because kidney transplants are not available everywhere
and have limitations, many patients with ESRD require
dialysis to survive (1). Hemodialysis is the most common
type of dialysis used in many countries. In Iran, more
than 90% of dialysis patients received hemodialysis as
replacement therapy (2). Since many conditions improve
by dialysis, it should be noted that dialysis may worsen
some uremic complications (2).

Hemodialysis is currently conducted as a vital treatment
in thousands of patients with chronic renal failure in the
United States, according to the charity foundation of
special disease and the kidney foundation of Iran, the

number of patients with chronic renal failure reached
about 25000 in 2006 and it would reach to 40000 in 2011
with an annual increase of 13% (3).

Mortality rate due to complications in hemodialysis
patients remains a concern, therefore life expectancy in
60-year-old patients was 11.9 years for men and 14.1 years
for women, which has increased by 10% to 20% compared
to 2003. In diabetic patients undergoing hemodialysis, life
expectancy decreases to 10.8 years in men and 12.5 years
in women, while in non-diabetic patients it is 13 years for
men and 15 years for women. Life expectancy in those
who start hemodialysis between the ages of 40 and 44 is
7 to 10 years, and if started at the ages of 60 to 64 will be
4 to 5 years. Insufficient dialysis to reduce the acceptable
percentage of blood urea is also one of the important
factors in increasing dialysis complications and mortality
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B Implication for health policy/practice/research/
medical education

Controlling of hyperlipidemia and hyperuricemia in patients with
renal failure, especially in patients underlying dialysis is important for
lowering the side effects and costs. Sevelamer is an agent that binds to
bile acids and impairs fat absorption and also reduces the absorption of
fat-soluble vitamins. In this regard, sevelamer hydrochloride has better
effects and it can be recommended in patients with chronic renal failure
with overload of phosphorus accompanied by lipid disorders, especially

hypercholesterolemia.

in these patients (4).

One of the most common complications of dialysis
is changes in uric acid lipid profiles. Decreased plasma
levels of high-density lipoproteins (HDLs) and elevated
plasma levels of triglycerides are common in patients
with chronic renal failure because HDL production
is reduced due to decreased uremic lipolytic activity.
Hypertriglyceridemia occurs in approximately 32%-
72% of patients with chronic renal failure (5). Another
important complication in chronic kidney disease (CKD)
patients is hyperphosphatemia, especially in those with
glomerular filtration rate (GFR) less than 60 mL/min/1.73
m? (6).

Conventional 4-hour thrice-weekly hemodialysis is
limited in its ability to lower the phosphorus levels to
normal range, thereby administration of phosphorus
chelators is necessary to maintain serum levels of
phosphorus at normal range. Available phosphorus
chelators include calcium carbonate, calcium acetate,
aluminum carbonate, aluminum hydroxide, magnesium
hydroxide, and lanthanum and sevelamer. Sevelamer
recipients have lower C-reactive protein (CRP) and low-
density lipoprotein cholesterol (LDL-c) levels than other
phosphate binder agents, however, there was no difference
between them for other serum markers such as tumor
necrosis factor-alpha (TNF-alpha), interleukin-6 (IL-6)
and homocysteine (7).

In patients undergoing dialysis, sevelamer reduces the
serum levels of phosphorus, cholesterol and LDL-c, as
well as calcium-phosphorus product (CaxP product) (8).
Sevelamer is a calcium-free and non-metal containing
phosphate binders and it is the best therapeutic agent in
cases where serum phosphorus is high (for example, the
product of phosphorus in calcium is higher than 55 mg*/
dL?) to prevent calcium deposition in tissues, especially
arteries (9).

Sevelamer is one of the agents recommended to
reduce complications in dialysis patients and can prevent
gastrointestinal absorption of phosphorus. It is available
as a combination of sevelamer carbonate and sevelamer
hydrochloride. Sevelamer hydrochloride is effective in
lowering serum phosphate levels, in addition binds to bile
acids, which can impair fat absorption as well as reduce
the absorption of fat-soluble vitamins. Lowering serum
phosphorus reduces ectopic calcification as well as total

serum cholesterol (9).

A study in the United States indicated that sevelamer
hydrochloride in patients with CKD who undergoing
hemodialysis reduced blood bicarbonate levels. However,
sevelamer carbonate does not have this effect, although,
both agents are effective in lowering serum phosphate
levels (10).

Objectives

Patients ~with CKD  undergoing maintenance
hemodialysis have a specific condition and are prone to
numerous complications, including hyperlipidemia and
hyperuricemia, therefore, control of these complications
with more effective drugs can improve patient satisfaction,
in addition to reducing overhead costs for insurance
companies and health care system. In this study, the effects
of sevelamer carbonate and sevelamer hydrochloride on
the hyperlipidemia and hyperuricemia were investigated
in order to select the appropriate agent to control CKD
complications.

Patients and methods

Study design

In a randomized clinical trial, all patients undergoing
maintenance hemodialysis at Vali-e-Asr Hospital, Zanjan
in 2016 (conventional 4-hour thrice-weekly) by an
appropriate vascular access, had no history of primary
hyperparathyroidism or a history of parathyroidectomy,
patients who did not receive any lipid-lowering agents,
adherence to phosphorus restriction diet (800 to 1000
mg daily) and had no history of taking sevelamer and in
them which serum phosphorus level was higher than 5.5
mg/dL were enrolled in the study. Patients were randomly
(through random allocation software) divided into two
groups; the first group received 800 mg of sevelamer
carbonate with each meal and the second group received
800 mg of sevelamer hydrochloride with each meal.
Patients were followed up for complications during the
study and in case of severe complications, the drug was
discontinued and the patient was excluded from the
study. Cholesterol, triglyceride and uric acid levels were
measured before and one month after treatment following
12 hours of fasting in a reference laboratory. Demographic
data including age, sex, duration of dialysis, levels of
cholesterol, triglyceride and uric acid were collected
and recorded based on the information recorded in the
patients’ records and laboratory reports (Figure 1).

Statistical analysis

Data were analyzed at a significance level less than 0.05
in SPSS version 22 software using independent ¢ test, and
chi-square test.

Results
The distribution of patients in terms of demographic
characteristics and underlying factors including duration
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Figure 1. Consort diagram.

of dialysis, diabetes, hypertension and hyperlipidemia in
the two groups were not significantly different and the two
groups were homogeneous (Table 1).

Levels of cholesterol, triglyceride and wuric acid
before intervention (receiving sevelamer) did not show
significant difference between the two groups. Similarly,
repeated measurements of these parameters after
intervention period did not show significant difference
(Table 2). In other words, administration of both types of
sevelamer did not lead to a significant change in the levels
of these parameters. To examine the effects of sevelamer
hydrochloride and sevelamer carbonate, the difference
between two groups was compared before and after
measurements of cholesterol, triglyceride and uric acid
too. The results of comparing the levels of cholesterol,
triglyceride and uric acid parameters showed that the

two types of sevelamer, sevelamer hydrochloride and
sevelamer carbonate, are not significantly different from
each other, although, sevelamer hydrochloride has a better
effect on reducing these parameters based on laboratory
data and is preferred to sevelamer carbonate.

Discussion
In patients with chronic renal failure, special attention
should be paid to serum phosphate concentrations,
because in these patients, there is an increase in phosphate
levels and it is necessary to use a low-phosphate diet and
phosphate-chelator drugs. Many phosphate-chelating
drugs contain calcium, and when taken, calcium may rise
in the body and deposit in different organs.

Similar studies have been conducted worldwide about
the effects of sevelamer and other phosphate-chelating

Table 1. Comparison of demographic characteristics of patients between two groups (sevelamer hydrochloride and sevelamer carbonate)

Groups
Demographic characteristics Sevelamer hydrochloride Sevelamer Carbonate P value
% (N) % (N)
<60 47.6 (10) 47.6 (10)
A .
ge y) 260 52.4(11) 52.4(11) »0.999
Male 47.6 (10) 33.3(7)
34
Gender Female 52.4(11) 66.7 (14) 0-346
X . . <36 months 47.6 (10) 52.4(11)
Dialysis duration 0.758
> 36 months 52.4(11) 47.6 (10)
. Urban 52.4(11) 42.9 (9)
R 537
esidency Rural 47.6 (10) 57.1(12) 0.3
. + 33.3(7) 52.4(11)
Diabetes 0.212
- 66.7 (14) 47.6 (10)
. + 85.7 (18) 66.7 (14)
H 147
ypertension ~ 14.3 (3) 33.3(7) 0
- . + 28.6 (6) 0.0 (0)
H | .
yperlipidemia ) 71.4(15) 100.0 21) 0.008
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Table 2. Comparison of cholesterol, triglyceride and uric acid levels before and after receiving of sevelamer carbonate and sevelamer hydrochloride

Sevelamer carbonate

Sevelamer hydrochloride

Parameters Mean (SD) Mean (SD) P value
Before 138.50 (44.4) 158.90 (37.3) 0.128
Cholesterol (mg/dL) After 128.53 (31.7) 140.10 (26.1) 0.226
Mean difference -10.17 -18.80 0.321
Before 120.94 (60.7) 173.38 (112.1) 0.085
Triglyceride (mg/dL) After 124.89 (60.6) 147.86 (56.8) 0.230
Difference 3.94 -25.52 0.129
Before 6.53 (1.3) 7.46 (1.6) 0.123
Uric acid (mg/dL) After 5.93 (1.0) 6.46 (1.4) 0.211
Mean difference -0.60 -0.85 0.679

drugs on serum magnesium, phosphorus and calcium
levels.

New recommendations of KDIGO (kidney disease:
improving global outcomes) and world nephrology
association emphasizes the serious restrictions of calcium-
contained phosphorus-binders in hemodialysis patients
with high serum calcium level (11).

Absence of calcium overload and prevention of
hypercalcemia is the main advantage of magnesium-
contained phosphorus-binders such as magnesium
carbonate. Magnesium carbonate has been associated
with a reduction in the severity of vascular atherosclerosis
and a reduction in cardiovascular mortality (12).

In patients with chronic renal failure, a decrease in
plasma levels of HDLs and an increase in plasma levels
of triglycerides could occur due to decreased production
of HDL resulting from lipolytic activity which is caused
by uremia (5). Another important complication in these
patients is hyperphosphatemia (6), which is the reason
for prescription of phosphorus chelators including
calcium carbonate, calcium acetate, aluminum carbonate,
aluminum hydroxide, magnesium hydroxide, lanthanum
and sevelamer (7). Sevelamer is a phosphate-binding
agent that acts in the gut to prevent phosphate uptake
without being absorbed. Its use has been associated with
reduced cardiovascular mortality. This effect is due to the
binding ability to phosphate and reduce its compatibility
mechanisms, such as fibroblast growth factor-23 (FGF23)
and PTH (parathyroid hormone; parathormone).
Lowering LDL-c, phenols, uric acid, or endotoxins, all
of them which have intestinal origin, appears to reduce
inflammation and oxidation. These functions have
significant effects on complications such as anemia,
vascular calcification, atherogenesis and endothelial
dysfunction, which in turn improves the survival of
patients with CKD (13).

Sevelamer hydrochloride, is effective on serum
phosphate levels, in addition to binds to bile acids, which
can impair fat absorption as well as reduce the absorption
of fat-soluble vitamins. Decreased serum phosphorus
reduces ectopic calcification as well as lowers total serum
cholesterol (9).

The present study compared effects of sevelamer
hydrochloride with sevelamer carbonate on serum lipid
levels including triglyceride, cholesterol and uric acid.
The results showed that sevelamer hydrochloride and
sevelamer carbonate had statistically significant effect
on serum cholesterol, triglyceride and uric acid levels;
however, they have no preference over each other.

Hamida et al evaluated the effect of sevelamer on the
level of lipid profile and reported that sevelamer had no
significant effect on the level of triglyceride and HDL-c
(14).

Following binding to bile acids, sevelamer inhibits the
absorption of fats and thus can lower serum lipid levels.
However, in the study by Hamida et al (14), it was found
to be ineffective in reducing the lipid profile. In our study,
the amount of cholesterol and triglyceride reduction in
patients receiving sevelamer hydrochloride and sevelamer
carbonate was not significantly different, although it was
higher after theadministration of sevelamer hydrochloride,
this finding is considered clinically somewhat important.

Sevelamer binds to negatively charged bile acids and acts
as a bile acid binder that may reduce the concentration of
LDLs. Beneficial effects attributed to sevelamer include
reduced mortality due to cardiovascular complications
is in part attributed to hypolipemic function (15). The
ability of sevelamer to lower intestinal cholesterol is
known by several studies that reported this effect (16,17).
The effect of sevelamer on the lowering of phosphorus
and cholesterol levels in peritoneal dialysis has been
identified (18). In another study, it was indicated that this
effect reduced the need for statins in patients with chronic
renal failure (19).

In the present study, the effects of sevelamer
hydrochloride and sevelamer carbonate on uric acid level,
were also compared. The results showed that sevelamer
hydrochloride and sevelamer carbonate had no statistically
significant effect on blood uric acid levels and compared
to each other.

Garg et al showed that sevelamer significantly reduced
serum uric acid relative to calcium-based phosphate
binder (20). Ohno et al also point out that sevelamer
reduces serum uric acid levels through urate uptake in
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patients undergoing maintenance hemodialysis (21).

Uric acid is a factor that causes oxidative stress and
endothelial damage in patients with CKD (22). There
is controversy as to whether sevelamer is able to lower
serum uric acid levels. Ohno et al (21) and Garg et al (20)
reported the effect of sevelamer on reducing uric acid in
patients on hemodialysis, since Evenepoel et al reported
such an effect in patients on peritoneal dialysis (23).
However, in the study by Brandenburg et al, the results
did not show such an effect (24).

Sevelamer is an oral phosphate binder that significantly
reduces serum urate levels in maintenance hemodialysis
patients with hyperuricemia. The mechanism of urate
reduction by sevelamer is thought to be intestinal urate
uptake, while changes in urate are associated with
changes in phosphate and calcium-phosphate product,
since sevelamer significantly absorbs urate, in vitro. This
indicates the usefulness of sevelamer in reducing urate in
hemodialysis patients (21).

Conclusion

Sevelamer hydrochloride and sevelamer carbonate were
effective on cholesterol, triglyceride and uric acid levels.
Although there was no significant difference between
them, sevelamer hydrochloride had a better effect
in reducing these parameters and was clinically and
laboratory superior to sevelamer carbonate.

Limitations of the study
The low-sample size prevented the analysis of results
based on age, sex and other underlying factors.

Recommendations

Due to the decreasing effect of sevelamer on cholesterol,
triglyceride and uric acid levels, despite the statistically
insignificant relationship, it is suggested to conduct
studies in a clinical trial with a longer follow-up period
and larger sample size to obtain more accurate results.
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