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Abstract
Introduction: Hyperphosphatemia is also known as a silent killer among patients with renal failure.
Objectives: The objectives of this investigation was to assess the efficiency and tolerability of sevelamer in hyperphosphatemia in 
Pakistani patients on regular hemodialysis. 
Patients and Methods: A total of 59 dialysis individuals (age >18 years), from both genders, on regular hemodialysis with phosphate 
level more than 5.5 mg/dL, not on any phosphate binders was enrolled to the study. All the patients received sevelamer 400 mg 
orally in a dose depending on their baseline serum phosphorus level. Patients received the treatment for duration of 8 weeks. All the 
patients were followed and investigated for the efficacy and safety variables on fortnightly basis. 
Results: The mean (± SD) age of all the enrolled patients was 42.2 (±6.4) years. The mean (±SD) serum phosphorus was reduced 
significantly to 6.70 (±0.86) mg/dL, 6.00 (±0.64) mg/dL, 5.30 (±0.87) mg/dL and 4.97 (±0.91) mg/dL on day 15 (P < 0.0001), 30 
(P < 0.0001), 45 (P < 0.0001) and day 60 (P < 0.0001) respectively. The mean (SD) serum total cholesterol was also reduced non-
significantly to 193.9 (±15.6) mg/dL, significantly to 192.1 (±15.9) mg/dL, to 190.6 (±17.0) mg/dL and to 188.1 (±16.3) mg/dL on 
day 15 (P = 0.085), day 30 (P = 0.003), day 45 (P < 0.0001), and on day 60 (P < 0.0001) respectively. 
Conclusion: Our study showed a significant reduction in mean serum phosphorus and total cholesterol, in patients on hemodialysis. 
Therefore, sevelamer is a safe drug for the treatment of hyperphosphatemia in our clinical settings.
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Introduction
Hyperphosphatemia is also known as a “silent killer 
amongst patients with kidney failure”. Half of renal fail-
ure patients with levels of phosphate at the upper limit 
do not survive after 4 years (1). In chronic kidney disease 
patients, bone and mineral abnormalities have a main 
impact on morbidity and mortality (2,3). Hyperphospha-
temia has been associated with increased mortality and 
with the development of heart and vessel calcification, 
an independent predictor of mortality (3-5). Phosphorus 
retention in these patients is a major contributor to the 
development of secondary hyperparathyroidism, osteitis 
fibrosa and extra-osseous calcification of both vascular 
and nonvascular tissues (2-5). Though dialysis patients 
are placed on phosphorus restricted diets, the phospho-
rus absorbed exceeds the amount of phosphorus removed 
by dialysis. Thereby dialysis patients must take phosphate 
binders to diminish the absorption of dietary phosphate. 
An ideal phosphate binder should be safe and well toler-
ated, palatable, non-absorbable, cost-effective and have 
good efficacy and specificity. Furthermore, it should not 

add to the aluminum or calcium burden nor should it ac-
cumulate in bone or other vital organs (6). The most com-
monly administered phosphate binders contain alumi-
num or calcium. Aluminum causes neurological, skeletal 
and hematopoietic toxicities (7), while calcium can lead to 
hypercalcemia and soft tissue and cardiac calcification (3-
5,7-9). Concerns about the toxic effects of calcium-based 
and aluminum-based binders have fueled interest in al-
ternative calcium-free, aluminum-free phosphate bind-
ers (6). Lanthanum and sevelamer are new calcium free, 
aluminum-free phosphate binders. Though lanthanum is 
an effective phosphate binder, there are concerns regard-
ing it, being absorbed from the gastro-intestinal tract and 
getting accumulated in the body tissues (10). Sevelamer 
hydrochloride is a non-absorbable, calcium-free, alumi-
num-free phosphate binder for reducing serum phospho-
rus in individuals with end-stage renal disease (ESRD) on 
regular hemodialysis. 
Sevelamer is a cross-linked polymer that binds dietary 
phosphate ions within the gastrointestinal tract. It lowers 
phosphate absorption and hence decreases serum phos-



Cheema UK et al

Journal of Parathyroid Disease, Volume 5, Issue 1, March 201718

 Implication for health policy/practice/research/
medical education
In a study on 59 hemodialysis individuals, we found a 
significant reduction in mean serum phosphorus and total 
cholesterol. We concluded that sevelamer is a safe drug for 
the treatment of hyperphosphatemia in our clinical settings.

phate concentrations without modifying other electrolyte 
concentrations in individuals with ESRD who are on he-
modialysis. Sevelamer is resistant to digestive degradation 
and is not absorbed through the gastrointestinal tract. 
Sevelamer also diminishes the frequency of hypercalce-
mic episodes accompanying with calcium acetate treat-
ment (11,12). Beside this, sevelamer also binds bile acids 
leading to increased fecal bile acid excretion and lowering 
of low density lipoprotein cholesterol ((LDL-C)) (13,14). 
It is also seen that it reduces the serum uric acid levels in 
hemodialysis patients. Sevelamer thus appears to be the 
phosphate binder of choice for ESRD patients on mainte-
nance hemodialysis.

Objectives
To examine the effectiveness and tolerability of sevelamer 
in hyperphosphatemia in Pakistani patients on mainte-
nance dialysis, and to assess the impact of sevelamer on 
lipid profile. Additionally we aimed to test the ameliora-
tive impact of sevelamer on inflammation and serum uric 
acid.

Patients and Methods
A quasi-experimental study design was selected to real-
ize the above mentioned objectives. The investigation was 
carried out in the Department of Nephrology, Pakistan 
Institute of Medical Sciences (PIMS), Islamabad. The total 
duration of the study was six months or till the completion 
of sample size. The enrolment of patients was started after 
the approval of synopsis on August 2013 and data collec-
tion was completed by February 2013.

Definitions
Hyperphosphatemia was defined as serum phosphate lev-
els more than 5.5 mg/dL. Serum LDL-C>190, high densi-
ty lipoprotein cholesterol (HDL-C)>70, cholesterol >200 
and triglyceride >200 were considered abnormal. The ref-
erences value of C-reactive protein (CRP) was 5-8 mg/L.

Sample size
A non-probability consecutive sampling technique was 
applied to select cases. In this study, a total of 59 patients 
who were on dialysis and fulfilled the inclusion criteria 
were included in the study. The sample size was estimated 
using the World Health Organization (WHO) formula for 
calculation of sample size.
The significant level was selected at 5%, power of the study 
was chosen as 80%, and anticipated population propor-
tion was considered as 4%, the required sample size was 
59 patients. 

 Following patients were included to the study;
•	 Age >18 years
•	 From both genders
•	 On regular hemodialysis
•	 Phosphate levels more than 5.5 mg/dL
•	 Not on any phosphate binders
•	 Patient who had undergone washout period and 

serum phosphate level more than 5.5 mg/dL.
•	 Given informed consent. 

Exclusion criteria
•	 Known hypersensitivity to sevelamer 
•	 Significant hypercalcemia (serum calcium >11 mg/

dL) or hypocalcemia (serum calcium <7 mg/dL)
•	 Clinically significant abnormal laboratory values 

(excluding markers of ESRD)
•	 Significant uncontrolled concurrent illness and 

significant gastrointestinal disorder.
•	 Any malignancy 
•	 Patient who did not give informed consent 

Data collection procedure
Patients fulfilling the above inclusion criteria were en-
rolled in the study. Before the commencement of the in-
vestigation, permission was obtained from the Hospital 
Ethics Committee. Data was collected on the well-struc-
tured performa, especially designed for the current study. 
The demographic characteristics of patients were asked 
and recorded. All the data collection and study proce-
dures were performed by the researcher himself to limit 
the selection bias and maintain the quality of data. Pa-
tients were instructed to refrain from taking aluminum, 
calcium or magnesium containing medications (antacids 
or laxatives). However, vitamin D supplementations were 
allowed provided dose was kept constant throughout 
the investigation period. Further, patients were asked to 
maintain their usual eating habits without any dietary re-
strictions specific for this study. Patients already on some 
phosphate binder therapy were kept on phosphate bind-
er washout in which phosphate binder was discontinued 
with continuation of dialysis and was evaluated weekly for 
serum phosphorus. Washout was discontinued and seve-
lamer was started when serum phosphorous reaches more 
than 5.5 mg/dL. In addition to phosphorous levels, on the 
day of enrolment (i.e. day one) and subsequently after-
wards, laboratory investigations were performed for other 
outcome measures to determine the levels of lipid profile, 
calcium, albumin, uric acid, creatinine, urea and CRP. Se-
rum chloride, alkaline phosphatase and prothrombin time 
were also investigated on day of enrolment and after for-
ward for safety parameters. 
All the patients received tablet sevelamer 400 mg orally 
in a dose depending on their baseline serum phosphorus 
level. The dose was one tablet three times daily for patients 
with baseline serum phosphorus >5 mg/dL and less than 
7.5 mg/dL. Two tablets three times daily for patients with 
baseline serum phosphorus >7.5 mg/dL. 
The dosage was increased or decreased after two weeks 
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depending on the serum phosphorus level. Dose was in-
creased by one tablet per meal if serum phosphorus at two 
weeks >5.5 mg/dL, no change in dose was made if serum 
phosphorus >3.5 mg/dL and <5.5 mg/dL and the dose was 
reduced by one tablet per meal in patients with serum 
phosphorus less than 3.5 mg/dL at two weeks. Patients re-
ceived the treatment for the duration of eight weeks. All 
the patients were followed and investigated for the efficacy 
and safety variables on fortnightly basis.

Primary efficacy end-point
Significant reduction over eight weeks in serum phospho-
rus from baseline was used as primary efficacy endpoint. 

Secondary efficacy end-point
Significant reduction over eight weeks in calcium (cor-
rected) × phosphorus product from baseline was used 
as secondary efficacy endpoint. Maintenance of serum 
calcium levels over eight weeks was also a secondary ef-
ficacy variable. Serum calcium was measured and cal-
cium × phosphorus (Ca × P) product was calculated on 
fortnightly basis.

Safety variables
Any drug-induced side effects as felt by patient during the 
course of treatment were recorded on the proforma. Se-
rum chloride, serum alkaline phosphatase and prothrom-
bin time was measured at baseline and every fortnightly 
thereafter for assessment of safety of sevelamer therapy.

Other measured parameters
Serum albumin was measured every 15 days for calcu-
lation of corrected serum calcium as per the following 
formula:
Corrected serum calcium; serum calcium × 0.8 × (4 – 
serum albumin).
Serum creatinine and blood urea, CRP, uric acid and lipid 
profile were also measured fortnightly.

Ethical issues 
The research followed the tenets of the Declaration of Hel-
sinki. Informed consent was obtained and the investiga-
tion was approved by the Ethics Committee of Pakistan 
Institute of Medical Sciences.

Data analysis
Data was entered and analyzed using SPSS version 20 soft-
ware. Data was analyzed and presented according to the 
type of the variable. For contiguous variables such as age, 
dialysis duration and laboratory investigations, mean with 
standard deviation, median and range (minimum and 
maximum) were calculated and reported. For categorical 
variables, like gender, diabetes, hypertension, glomerulo-
nephritis, and obstructive uropathy, frequencies and per-
centages were calculated and reported. 
To compare the differences in terms study outcome mea-
sures (efficacy and safety parameters) paired sample stu-
dent t test was performed and P values was obtained and 

reported. The level of significance was selected below 0.05. 
The findings are presented in tables in the result section. 

Results
Patients
In the current study a total of 59 patients age >18 years, 
who were on regular hemodialysis with phosphate level 
more than 5.5 mg/dL was investigated. 
The mean (±SD) age of all the enrolled patients in the 
current study was 42.2 (±6.4) years. The median age of 
our study population was 40.0 years. The youngest patient 
enrolled in the current study was 28 years old while the 
eldest patient was 65 years of age. Out of 59, majority of 
patients, 36 (61%), were less than 50 years of age, followed 
by 20 (34%) were age between 50 and 59 years at the time 
of enrolment, and only 3 (5%) patients were 60 years and 
older. Out of 59 enrolled patients in the current study, 43 
(73%) patients were males whereas 16 (27%) were females. 
The male to female ratio was 2.7:1.

Causes of renal failure
The causes of renal failure among all the enrolled patients 
were diabetes mellitus in 20 (34%) as the most common 
cause, followed by hypertension 18 (13%), glomerulone-
phritis 9 (15%) and obstructive uropathy 7 (12%). 

Duration of dialysis
Mean (SD) duration of dialysis was 5.2 (±1.3) months. The 
median duration was 5.0 months while the minimum du-
ration was one month and maximum was 18 months. Out 
of 59 enrolled patients, 27 (46%) patients had duration up 
to 6 months while 22 (37%) had duration between 7 and 
12 months. Ten (17%) patients had duration of dialysis 13 
or more months.

Laboratory investigations at day one
Mean (SD) serum phosphorus at the day of enrolment, 
that is day one, was 6.82 (±0.72) mg/dL. The mean (SD) 
serum phosphorus at the day of enrolment, that is day 
one, was 7.90 (±0.61) mg/dL. 
Likewise, mean (SD) serum total cholesterol at the day 
of enrolment, that is day one, was 195.3 (±11.8) mg/dL. 
The mean (SD) serum triglycerides on day one, was 204.1 
(±12.2) mg/dL. The mean (SD) serum LDL-C on day one, 
was 186.0 (±21.7) mg/dL. The mean (SD) serum HDL-C 
on day one, was 76.6 (±8.9) mg/dL.
The mean (SD) serum chloride was 105.5 (±10.9) mEq/L, 
whereas the mean (SD) serum alkaline phosphatise was 
109.3 (±34.1) IU/L on day one. The mean (SD) prothrom-
bin time on day one was 13.8 (±3.0) seconds. 

Comparison of pre and post therapy levels of study 
outcome
Table 1 illustrates the comparison of pre- and post-thera-
py mean (SD) serum phosphorus and calcium among all 
the enrolled patients. 
The mean (SD) serum phosphorus on day one was 6.82 
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(±0.72) mg/dL. The mean (SD) serum phosphorus was 
reduced significantly to 6.70 (±0.86) mg/dL, mean (SD) 
reduction was 0.16 (±0.25) mg/dL on day 15 (P < 0.0001), 
to 6.00 (±0.64) mg/dL, mean (SD) reduction was 0.70 
(±0.29) mg/dL on day 30 (P < 0.0001), to 5.30 (±0.87) mg/
dL, mean (SD) reduction was 0.70 (±1.39) mg/dL on day 
45 (P < 0.0001) and to 4.97 (±0.91) mg/dL, mean (SD) re-
duction was 1.85 (±0.86) mg/dL on day 60 (P < 0.0001). 
The mean (SD) serum calcium on day one was 7.90 
(±0.61) mg/dL. The mean (SD) serum calcium was re-
duced non-significantly to 7.88 (±0.60) mg/dL, mean (SD) 
reduction was 0.02 (±0.08) mg/dL on day 15 (P = 0.134), 
to 7.80 (±0.75) mg/dL, mean (SD) reduction was 0.08 
(±0.09) mg/dL on day 30 (P = 0.210), to 7.89 (±0.59) mg/
dL, mean (SD) reduction was 0.09 (±0.05) mg/dL on day 
45 (P = 0.372) and to 7.87 (±0.64) mg/dL, mean (SD) re-
duction was 0.03 (±0.08) mg/dL on day 60 (P = 0.090). 
Table 2 presents the comparison of pre- and post-therapy 
mean (SD) serum calcium × phosphate product and cor-
rected calcium among all the enrolled patients. 
The mean (SD) serum calcium × phosphate product on 
day one was 53.9 (±6.90) mg2/dL2. The mean (SD) serum 
Ca × P product was reduced significantly to 52.5 (±7.52) 
mg2/dL2, mean (SD) reduction was 1.40 (±2.10) mg2/dL2 
on day 15 (P < 0.0001), to 50.8 (±5.92) mg2/dL2, mean (SD) 
reduction was 1.65 (±3.92) mg2/dL2 on day 30 (P < 0.0001), 
to 49.0 (±7.61) mg2/dL2, mean (SD) reduction was 1.87 
(±3.80) mg/dL on day 45 (P < 0.0001) and to 38.5 (±7.16) 
mg/dL, mean (SD) reduction was 15.3 (±6.69) mg2/dL2 on 
day 60 (P < 0.0001). 
The mean (SD) serum corrected calcium on day one was 
5.86 (±0.39) mg/dL. The mean (SD) serum corrected cal-
cium was reduced non-significantly to 5.71 (±0.29) mg/
dL, mean (SD) reduction was 0.15 (±0.20) mg/dL on day 
15 (P = 0.101), to 5.69 (±0.37) mg/dL, mean (SD) reduc-

tion was 0.12 (±0.42) mg/dL on day 30 (P = 0.121), to 5.65 
(±0.70) mg/dL, mean (SD) reduction was 0.04 (±0.32) 
mg/dL on day 45 (P = 0.105) and to 5.60 (±0.65) mg/dL, 
mean (SD) reduction was 0.26 (±0.85) mg/dL on day 60 
(P = 0.085). 
Table 3 shows the comparison of pre and post therapy 
mean (SD) serum chloride and alkaline phosphatase and 
prothrombin time among all the enrolled patients. 
The mean (SD) serum chloride on day one was 105.5 
(±10.9) mEq/L. The mean (SD) serum chloride was re-
duced significantly to 104.1 (±9.4) mEq/L, mean (SD) 
reduction was 0.27 (±0.98) mEq/L on day 15 (P = 0.038), 
to 104.9 (±6.4) mEq/L, mean (SD) reduction was 0.35 
(±5.18) mEq/L on day 30 (P = 0.045), to 104.1 (±9.4) 
mEq/L, mean (SD) reduction was 0.87 (±3.43) mEq/L on 
day 45 (P = 0.005) and to 103.8 (±7.8) mEq/L, mean (SD) 
reduction was 1.68 (±4.90) mEq/L on day 60 (P = 0.010). 
The mean (SD) serum alkaline phosphatase on day one 
was 109.3 (±34.1) IU/L. The mean (SD) serum alkaline 
phosphatase was reduced significantly to 105.1 (±31.2) 
IU/L, mean (SD) reduction was 4.25 (±8.61) IU/L on 
day 15 (P < 0.0001), to 104.3 (±21.5) IU/L, mean (SD) re-
duction was 1.39 (±15.2) IU/L on day 30 (P = 0.006), to 
103.7 (±30.1) IU/L, mean (SD) reduction was 3.59 (±9.63) 
IU/L on day 45 (P < 0.0001) and to 102.5 (±30.3) IU/L, 
mean (SD) reduction was 6.84 (±11.2) IU/L on day 60 
(P < 0.0001). 
The mean (SD) prothrombin time on day one was 13.8 
(±3.0) seconds. The mean (SD) prothrombin time was 
reduced significantly to 13.2 (±2.2) second, mean (SD) 
reduction was 0.66 (±1.54) seconds on day 15 (P = 0.002), 
to 13.0 (±2.1) seconds, mean (SD) reduction was 0.61 
(±1.32) seconds on day 30 (P = 0.003), to 12.9 (±1.8) sec-
onds, mean (SD) reduction was 0.73 (±1.59) seconds on 
day 45 (P = 0.001) and to 12.6 (±1.5) seconds, mean (SD) 

Table 1. Comparison of pre- and post-sevelamer therapy mean (SD) serum phosphorus at enrolment, on 15, 45 and 60 day of treatment among 
all patients (n = 59)

Serum phosphorus Day 1 Day 15 Day 30 Day 45 Day 60
Mean (±SD) 6.82 (±0.72) 6.70 (±0.86) 6.00 (±0.64) 5.30 (±0.87) 4.97 (±0.91)
Mean difference Reference 0.16 (±0.25) 0.70 (±0.29) 0.70 (±1.39) 1.85 (±0.86)
P value Reference <0.0001 <0.0001 <0.0001 <0.0001

Serum calcium
Mean (±SD) 7.90 (±0.61) 7.88 (±0.60) 7.80 (±0.75) 7.89 (±0.59) 7.87 (±0.64)
Mean difference Reference 0.02 (±0.08) 0.08 (±0.09) 0.09 (±0.05) 0.03 (±0.08)
P value Reference 0.134 0.210 0.372 0.090

Table 2. Comparison of pre- and post-sevelamer therapy mean (SD) serum calcium × phosphate product and corrected calcium at enrolment, on 
15, 45 and 60 day of treatment among all patients (n = 59)

Serum calcium × phosphate product Day 1 Day 15 Day 30 Day 45 Day 60
Mean (±SD) 53.9 (±6.90) 52.5 (±7.52) 50.8 (±5.92) 49.0 (±7.61) 38.5 (±7.16)
Mean difference Reference 1.40 (±2.10) 1.65 (±3.92) 1.87 (±3.80) 15.3 (±6.69)
P value Reference <0.0001 <0.0001 <0.0001 <0.0001

Corrected serum calcium
Mean (±SD) 5.86 (±0.39) 5.71 (±0.29) 5.69 (±0.37) 5.65 (±0.70) 5.60 (±0.65)
Mean difference Reference 0.15 (±0.20) 0.12 (±0.42) 0.04 (±0.32) 0.26 (±0.85)
P value Reference 0.101 0.121 0.105 0.085
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reduction was 1.19 (±2.11) seconds on day 60 (P < 0.0001). 

Serum lipids
Table 4 presents the comparison of pre and post thera-
py mean (SD) serum total cholesterol and triglycerides 
among all the enrolled patients. 
The mean (SD) serum total cholesterol on day one was 
195.3 (±11.8) mg/dL. The mean (SD) serum total cho-
lesterol was reduced non-significantly to 193.9 (±15.6) 
mg/dL, mean (SD) reduction was 1.44 (±6.31) mg/dL on 
day 15 (P = 0.085), significantly to 192.1 (±15.9) mg/dL, 
mean (SD) reduction was 1.85 (±9.62) mg/dL on day 30 
(P = 0.003), to 190.6 (±17.0) mg/dL, mean (SD) reduc-
tion was 2.75 (±7.51) mg/dL on day 45 (P < 0.0001) and 
to 188.1 (±16.3) mg/dL, mean (SD) reduction was 7.29 
(±5.95) mg/dL on day 60 (P < 0.0001). 
The mean (SD) serum triglyceride on day one was 204.1 
(±12.2) mg/dL. The mean (SD) serum total triglyceride 
was increased non-significantly to 206.6 (±11.6) mg/dL, 
mean (SD) increase was 2.54 (±4.84) mg/dL on day 15 
(P = 0.091), significantly reduced to 203.5 (±12.4) mg/dL, 
mean (SD) reduction was 1.89 (±5.15) mg/dL on day 30 
(P = 0.035), to 200.8 (±10.8) mg/dL, mean (SD) reduction 
was 2.38 (±6.62) mg/dL on day 45 (P = 0.001) and to 185.9 
(±10.9) mg/dL, mean (SD) reduction was 18.1 (±16.5) 
mg/dL on day 60 (P < 0.0001). 
Table 5 presents the comparison of pre and post thera-
py mean (SD) serum LDL-C and HDL-C among all the 
enrolled patients. The mean (SD) serum LDL-C on day 
one was 186.0 (±21.7) mg/dL. The mean (SD) serum 
LDL-C was reduced significantly to 174.8 (±19.9) mg/
dL, mean (SD) reduction was 11.2 (±27.9) mg/dL on day 

15 (P = 0.003), non-significantly to 173.9 (±12.8) mg/
dL, mean (SD) reduction was 0.95 (±15.9) mg/dL on 
day 30 (P = 0.096), significantly to 172.1 (±20.2) mg/dL, 
mean (SD) reduction was 1.87 (±28.2) mg/dL on day 45 
(P = 0.004) and to 170.9 (±22.3) mg/dL, mean (SD) reduc-
tion was 15.2 (±29.5) mg/dL on day 60 (P < 0.0001). The 
mean (SD) serum HDL-C on day one was 76.6 (±8.9) mg/
dL. The mean (SD) serum HDL-C was increased non-sig-
nificantly to 77.1 (±22.3) mg/dL, mean (SD) increase was 
0.51(±3.5) mg/dL on day 15 (P = 0.267), to 77.8 (±9.3) mg/
dL, mean (SD) increase was 0.78 (±2.1) mg/dL on day 
30 (P = 0.062), significantly increased to 78.7 (±6.1) mg/
dL, mean (SD) increase was 1.10 (±3.7) mg/dL on day 45 
(P < 0.0001) and to 79.0 (±7.8) mg/dL, mean (SD) increase 
was 2.40 (±5.1) mg/dL on day 60 (P < 0.0001). 

Serum uric acid and C-reactive protein
Table 6 shows the comparison of pre- and post-therapy 
mean (SD) serum uric acid and CRP among all the en-
rolled patients. 
The mean (SD) serum uric acid on day one was 5.81 
(±1.51) mg/dL. The mean (SD) serum uric acid was re-
duced significantly to 5.70 (±1.55) mg/dL, mean (SD) re-
duction was 0.11 (±0.12) mg/dL on day 15 (P < 0.0001), 
to 5.65 (±1.79) mg/dL, mean (SD) reduction was 0.15 
(±0.09) mg/dL on day 30 (p=0.006), to 5.61 (±1.58) mg/
dL, mean (SD) reduction was 0.04 (±0.11) mg/dL on day 
45 (P = 0.007) and to 5.52 (±1.57) mg/dL, mean (SD) re-
duction was 0.29 (±0.10) mg/dL on day 60 (P < 0.0001). 
Out of 59 patients, 39 (66%) had positive and 20 (34%) 
had negative CRP on day one. The proportion of patients 
with positive CRP reduced significantly to 31 (53%) by 

Table 3. Comparison of pre and post sevelamer therapy mean (SD) serum chloride, alkaline phosphatise and prothrombin time at enrolment, on 
15, 45 and 60 day of treatment among all patients (n = 59)

Serum chloride Day 1 Day 15 Day 30 Day 45 Day 60
Mean (±SD) 105.5 (±10.9) 105.2 (±10.6) 104.9 (±6.4) 104.1 (±9.4) 103.8 (±7.8)
Mean difference Reference 0.27 (±0.98) 0.35 (±5.18) 0.87 (±3.43) 1.68 (±4.90)
P value Reference 0.038 0.045 0.005 0.010

Alkaline phosphatase
Mean (±SD) 109.3 (±34.1) 105.1 (±31.2) 104.3 (±21.5) 103.7 (±30.1) 102.5 (±30.3)
Mean difference Reference 4.25 (±8.61) 1.39 (±15.2) 3.59 (±9.63) 6.84 (±11.2)
P value Reference <0.0001 0.006 <0.0001 <0.0001

Prothrombin time
Mean (±SD) 13.8 (±3.0) 13.2 (±2.2) 13.0 (±2.1) 12.9 (±1.8) 12.6 (±1.5)
Mean difference Reference 0.66 (±1.54) 0.61 (±1.32) 0.73 (±1.59) 1.19 (±2.11)
P value Reference 0.002 0.003 0.001 <0.0001

Table 4. Comparison of pre and post sevelamer therapy mean (SD) serum total cholesterol and triglycerides at enrolment, on 15, 45 and 60 day 
of treatment among all patients (n = 59)

Total cholesterol Day 1 Day 15 Day 30 Day 45 Day 60
Mean (±SD) 195.3 (±11.8) 193.9 (±15.6) 192.1 (±15.9) 190.6 (±17.0) 188.1 (±16.3)
Mean difference Reference 1.44 (±6.31) 1.85 (±9.62) 2.75 (±7.51) 7.29 (±5.95)
P value Reference 0.085 0.003 <0.0001 <0.0001

Triglycerides
Mean (±SD) 204.1 (±12.2) 206.6 (±11.6) 203.5 (±12.4) 200.8 (±10.8) 185.9 (±10.9)
Mean difference Reference -2.54 (±4.86) 1.89 (±5.15) 2.38 (±6.62) 18.1 (±16.5)
P value Reference 0.091 0.035 0.001 <0.0001
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day 15 (P = 0.004), to 29 (49%) by day 30 (P < 0.0001), to 
25 (42%) on day 45 (P < 0.0001) and 18 (31%) on day 60 
(P < 0.0001).

Discussion
Hyperphosphatemia is one of the most common meta-
bolic problems of renal failure (2,14). Large observational 
studies have recognized hyperphosphatemia as an inde-
pendent risk factor for heart and vessel disease and mor-
tality on dialysis (2,5,14-16). Recent investigation detected 
that subtle rises in serum phosphate values even within 
the normal range are also associated with enlarged risk for 
death in pre-dialysis and even non–kidney disease popu-
lations (1-14). On the basis of these results, current prac-
tice in most of the clinical settings is to more aggressive 
treatment of hyperphosphatemia to lower serum phos-
phate targets than in the past. Restricting dietary phos-
phorus intake is recommended, however it is difficult to 
maintain this condition and may exacerbate protein mal-
nutrition. In fact, administration of dietary phosphorus 
binders to band intestinal phosphorus absorption is the 
cornerstone of therapy for hyperphosphatemia. Indeed, 
the preponderance of dialysis individuals are finally pre-
scribed phosphorus binders with an estimated annual cost 
that is expected to exceed $1 billion worldwide (12-17).
The current investigation was undertaken to examine the 
effectiveness and tolerability of sevelamer in the therapy 
of hyperphosphatemia in Pakistani patients on dialysis 
in our clinical settings. Our study findings showed that 
sevelamer was an efficient and tolerable in the treatment 
of hyperphosphatemia in patients on dialysis in our clini-
cal settings. Our study findings are comparable with other 
studies around the world. Burke and colleagues conducted 
a meta-analysis to investigate the impact of sevelamer on 
phosphorus, calcium, and PTH and also lipid profile of 
patients who were on dialysis. After application of inclu-

sion/exclusion criteria, 17 core studies were statistically 
analyzed to establish the impact of sevelamer therapy on 
the study parameters. Analysis of inverse variance-weight-
ed mean changes directed that sevelamer treatment was 
associated with a 2.14 mg/dL drop in serum phosphorus 
(P < 0.001), no significant overall effect on calcium (0.09 
mg/dL, P = 0.364), significant decline in Ca × P prod-
uct (15.91 mg/dL, P < 0.001), 35.99 ρg/mL reduction in 
PTH (P = 0.026), significant reduction in total cholesterol 
(30.58 mg/dL, P < 0.001), 31.38 mg/dL drop in LDL cho-
lesterol (P < 0.001), significant increase in HDL cholester-
ol (4.09 mg/dL, P = 0.008), and a significant diminution in 
triglycerides (22.04 mg/dL, P < 0.001). This meta-analysis 
suggests that sevelamer offers a dual therapeutic benefit in 
dialysis individuals as a population at high risk for cardio-
vascular disease, by improving phosphorus control and the 
lipid profile, without altering serum calcium (18). Earlier, 
Chertow and colleagues from the United States conducted 
a study to determine the long-term effectiveness (up to 46 
weeks of therapy) of sevelamer on patients with ESRD on 
dialysis. They enrolled 192 patients in an open-label clin-
ical trial. Drug-related alterations in the concentrations of 
serum phosphorus, calcium, Ca ×P product, parathyroid 
hormone, and LDL-C and HDL-C concentrations were 
the major outcomes of their study. They found that ther-
apy with sevelamer was associated with a mean alteration 
in serum phosphorus of -0.71 (±0.77) mmol/L, serum cal-
cium of 0.08 (±0.22) mmol/L, and Ca ×P product of -1.46 
(±1.78) mmol/L (P < 0.0001 for all comparisons). There 
were no significant overall treatment-related alterations in 
parathyroid hormone. Serum levels of LDL-C diminished 
by 0.81 (±0.75) mmol/L (mean -30%, P < 0.0001) and 
HDL-C raised by a mean of 0.15 (±0.29) mmol/L (mean 
+18%, P = 0.0001). Drug-related unfavorable effects were 
infrequent and most were of mild intensity. The authors 
concluded that the sevelamer is a safe and effective phos-

Table 5. Comparison of pre and post sevelamer therapy mean (SD) serum LDH-C and HDL-C at enrolment, on 15, 45 and 60 day of treatment 
among all patients (n=59)

LDL-C Day 1 Day 15 Day 45 Day 45 Day 60
Mean (±SD) 186.0 (±21.7) 174.8 (±19.9) 173.9 (±12.8) 172.1 (±20.2) 170.9 (±22.3)
Mean difference Reference 11.2 (±27.9) 0.95 (±15.9) 1.87 (±28.2) 15.2 (±29.5)
P value Reference 0.003 0.096 0.004 <0.0001

HDL-C
Mean (±SD) 76.6 (±8.9) 77.1 (±22.3) 77.8 (±9.3) 78.7 (±6.1) 79.0 (±7.8)
Mean difference Reference -0.51 (±3.5) -0.78 (±2.1) -1.10 (±3.7) -2.40 (±5.1)
P value Reference 0.267 0.062 <0.0001 <0.0001

Table 6. Comparison of pre- and post-therapy mean (SD) serum uric acid and C reactive protein at enrolment, on 15, 45 and 60 day of treatment 
among all patients (n=59)

Serum uric acid Day 1 Day 15 Day 30 Day 45 Day 60
Mean (±SD) 5.81 (±1.51) 5.70 (±1.55) 5.65 (±1.79) 5.61 (±1.58) 5.52 (±1.57)
Mean difference Reference 0.11 (±0.12) 0.15 (±0.09) 0.04 (±0.11) 0.29 (±0.10)
P value Reference <0.0001 0.006 0.007 <0.0001

C reactive protein
Negative 20 28 30 34 41
Positive 39 31 29 25 18
P value Reference 0.004 <0.0001 <0.0001 <0.0001
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phorus binder that leads to significant improvements 
in the Ca × P product and lipid profile of patients with 
ESRD on hemodialysis (19). Katopodis et al conducted a 
randomized controlled clinical trial to compare the effi-
cacy of sevelamer with aluminum hydroxide in patients 
with ESRD on hemodialysis. The investigators enrolled 
30 stable patients in an open-label, randomized crossover 
investigation. After a 2-week phosphorus binder washout 
period, 15 patients (group I) were given sevelamer for 8 
weeks and in the remaining patients (group II), aluminum 
hydroxide was introduced (phase A). After a new 2-week 
washout period, participants crossed over to the alternate 
agent for another 8 weeks (phase B). the authors found 
that there were same reductions in serum phosphorus lev-
els over the course of the investigation with both agents; 
by 1.18 (±0.07) mg/dL (0.38 [±0.03] mmol/L) with seve-
lamer and by 1.25 (±0.15) mg/dL (0.40 [±0.05] mmol/L) 
with aluminum hydroxide in phase A (P > 0.05), and by 
1.35 (±0.25) mg/dL (0.43 [±0.08] mmol/L) with alumi-
num hydroxide and by 1.23 (±0.80) mg/dL (0.39 [±0.25] 
mmol/L) with sevelamer in phase B (P > 0.05). Moreover, 
sevelamer administration was associated with a 10.5% 
(±9.4%) and a 20.1% (±6.8%) reduction in total cholester-
ol (P < 0.05) and LDL-C (P < 0.001) in phase A, and 11.9% 
(±7.2%) (P < 0.05) and 21.5% (±2.4%) (P < 0.001), respec-
tively, in phase B. In both phases of the study, aluminum 
hydroxide administration was not followed by a mean-
ingful change in serum lipid parameters. The authors 
concluded that sevelamer is a well-tolerated alternative 
to calcium- or aluminum-containing phosphorus binder 
in the control of serum phosphorus in hemodialysis pa-
tients with ESRD. Furthermore, sevelamer also improved 
the lipid profile in their study population (20). Safe and 
efficient management of serum phosphorus is a main pur-
pose of clinicians treating patients with end-stage kidney 
failure. Consequences of ineffectively controlled serum 
phosphorus include kidney bone disease, secondary hy-
perparathyroidism and metastatic calcification. Phos-
phate binder therapy has been a mainstay for treatment of 
hyperphosphatemia in ESRD individuals. Calcium-based 
binders have been available since the 1980s, however their 
long-term use carries side effects that limit their effective-
ness in many patients. While large doses of calcium are 
necessitated to adequately control phosphorus, hypercal-
cemia is a common complication of calcium-based phos-
phate binders and hampers clinicians’ capability to control 
phosphorus. More insidiously, sustained intake of high 
amounts of calcium may attribute to a surplus calcium 
load and cardiacheart calcification (21).
Despite standard medical management for hyperphos-
phatemia, about 70% of hemodialysis patients in the Unit-
ed States have serum phosphorus levels beyond normal 
value (>5.0 mg/dL >1.6 mmol/L), based on data from a 
large epidemiological study in 1998. Elevated phospho-
rus levels significantly increased the risk of mortality in 
this patient population. Hemodialysis patients with serum 
phosphorus serum levels >6.5 mg/dL (>2.09 mmol/L) had 
a 27% higher risk of death, as compared with patients with 

serum phosphorus values of 2.4–6.5 mg/dL (0.77–2.09 
mmol/L). Elevated Ca ×P product also augmented the risk 
of mortality. The relative risk of death in patients with Ca 
× P > 72 mg2/dL2 (>5.8 mmol2/L2) was 34% higher than 
patients with Ca × P values of 42–52 mg2/dL2 (3.4–4.2 
mmol2/L2) (21).
In fact, sevelamer hydrochloride is a novel, calcium-free, 
aluminum-free phosphate binder that inhibits dietary ab-
sorption of phosphorus. After its approval in Europe and 
in the United States, sevelamer has determined applica-
ble, long-term control of serum phosphorus and Ca × P 
in hemodialysis patients, and blood lipid-lowering prop-
erties, with minimal impacts on serum calcium levels. 
Improved control of serum phosphorus without raising 
the calcium load or stimulating calcification may help 
stop calcific heart complications in hemodialysis patients 
as an important goal, given the high incidence of heart 
complications and death among hemodialysis patients. 
The documented benefits of sevelamer offer a prospect to 
the reduction of morbidity and mortality and also reduc-
tion of medical care costs (21). Sevelamer hydrochloride 
known as a calcium-free, cationic hydrogel of cross-linked 
poly (allylamine hydrochloride) that binds phosphate ions 
across a combination of anionic and hydrogen bonding. 
Multiple binding sites of partially protonated amines on 
the polymer backbone allow effective, selective binding of 
phosphate through phosphate-rich meals. Sevelamer also 
binds and separates bile acids, which may illuminate the 
blood cholesterol-lowering effects of the drug. According 
to its large particle diameter size (mean 45 mm), sevelam-
er is not absorbed systemically due to physical barrier in 
the gut. These properties impart a low incidence of side 
effects, allowing sevelamer to efficiently control serum 
phosphorus without addition of the total body calcium 
load (19-21). 

Conclusion
To conclude, controlling serum phosphorus levels in renal 
failure individuals is fundamental to minimize the devel-
opment of renal bone disease, and secondary hyperpara-
thyroidism, and also metastatic calcification. Hyperphos-
phatemia, excess calcium load, and elevated Ca × P appear 
to contribute to the high incidence of calcific heart disease 
and mortality in chronic hemodialysis patients. Dietary 
phosphate restriction lonely is not generally satisfactory 
to control serum phosphorus levels, thus daily admin-
istration of oral phosphate binding agents is essential in 
nearly all dialysis patients. Our study shows that out there 
is a significant reduction in mean serum phosphorus, se-
rum Ca × P product, total cholesterol, triglycerides and 
significant increase in HLD-C and a significant reduction 
in CRP with sevelamer for the treatment of hyperphos-
phatemia in individuals with ESRD on regular hemodial-
ysis in our clinical settings. Therefore, sevelamer is effect 
and safe for the treatment of hyperphosphatemia in our 
clinical settings. However, there is a need to conduct a 
multi-center, with large sample size trials in Pakistan to 
establish the effectives and tolerability of sevelamer for the 
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treatment of hyperphosphatemia. 

Limitations of the study 
Small sample size was the main limitation of our 
investigation. 

Conflicts of interest
None to be declared

Authors’ contribution
All authors contributed equally to the manuscript.

Ethical considerations 
Ethical issues (including plagiarism, data fabrication, 
double publication) have been completely observed by the 
authors.

Funding/Support
None.

References
1.	 Block GA, Hulbert-Shearon TE, Levin NW, Port FK. 

Association of serum phosphorus and calcium x phosphate 
product with mortality risk in chronic hemodialysis 
patients: a national study. Am J Kidney Dis. 1998;31:607-17.

2.	 Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie 
EG, Chertow GM. Mineral metabolism, mortality, and 
morbidity in maintenance hemodialysis. Am J Soc Nephrol. 
2004;15:2208-18.

3.	 Hruska KA, Saab G, Mathew S, Lund R. Renal 
osteodystrophy, phosphate homeostasis, and vascular 
calcification. Semin Dial. 2007;20:309-15.

4.	 Palmer SC, Hayen A, Macaskill P, Pellegrini F, Craig JC, Elder 
GJ, et al. Serum levels of phosphorus, parathyroid hormone, 
and calcium and risks of death and cardiovascular disease 
in individuals with chronic kidney disease: a systematic 
review and meta-analysis. JAMA. 2011;305:1119-27.

5.	 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 J Soc Nephrol. 
2001;12:2131-8.

6.	 Malluche HH, Mawad H. Management of 
hyperphosphataemia of chronic kidney disease: lessons 
from the past and future directions. Nephrol Dial 
Transplant. 2002;17:1170-5.

7.	 Alfrey AC. Aluminum toxicity in patients with chronic 
renal failure. Ther Drug Monit. 1993;15:593-7.

8.	 Ramirez JA, Emmett M, White MG, Fathi N, Santa 
Ana CA, Morawski SG, et al. The absorption of dietary 

phosphorus and calcium in hemodialysis patients. Kidney 
Int. 1986;30:753-9.

9.	 Hsu CH. Are we mismanaging calcium and phosphate 
metabolism in renal failure? Am J Kidney Dis. 1997;29:641-
9.

10.	 Fernandez-Gavarron F, Huque T, Rabinowitz JL, Brand 
JG. Incorporation of 140-lanthanum into bones, teeth and 
hydroxyapatite. Bone Miner. 1988;3:283-91.

11.	 Bleyer AJ, Burke SK, Dillon M, Garrett B, Kant KS, Lynch 
D, et al. A comparison of the calcium-free phosphate 
binder sevelamer hydrochloride with calcium acetate in the 
treatment of hyperphosphatemia in hemodialysis patients. 
Am J Kidney Dis. 1999;33:694-701.

12.	 McIntyre CW, Patel V, Taylor GS, Fluck RJ. A prospective 
study of combination therapy for hyperphosphataemia 
with calcium-containing phosphate binders and sevelamer 
in hypercalcaemic haemodialysis patients. Nephrol Dial 
Transplant.  2002;17:1643-8.

13.	 Wilkes BM, Reiner D, Kern M, Burke S. Simultaneous 
lowering of serum phosphate and LDL-cholesterol by 
sevelamer hydrochloride (RenaGel) in dialysis patients. 
Clin Nephrol. 1998;50:381-6.

14.	 Abraham G, Kher V, Saxena S, Jayakumar M, Chafekar 
D, Pargaonkar P, et al. Sevelamer carbonate experience in 
Indian ESRD patients. Ind J Nephrol. 2012;22:189-92.

15.	 Sehgal AR, Sullivan C, Leon JB, Bialostosky K. Public health 
approach to addressing hyperphosphatemia among dialysis 
patients. J Ren Nutr. 2008;18:256-61.

16.	 Dhingra R, Sullivan LM, Fox CS, Wang TJ, D’Agostino 
RB,  Gaziano JM, et al. Relations of serum phosphorus and 
calcium levels to the incidence of cardiovascular disease in 
the community. Arch Intern Med. 2007;167:879-85.

17.	 Isakova T, Gutierrez OM, Chang Y, Shah A, Tamez H, Smith 
K, et al. Phosphorus binders and survival on hemodialysis. 
Am J Soc Nephrol. 2009;20:388-96.

18.	 Burke SK, Dillon MA, Hemken DE, Rezabek MS, Balwit 
JM. Meta-analysis of the effect of sevelamer on phosphorus, 
calcium, PTH, and serum lipids in dialysis patients. Adv 
Ren Replace Ther. 2003;10:133-45.

19.	 Chertow GM, Burke SK, Dillon MA, Slatopolsky E. Long-
term effects of sevelamer hydrochloride on the calcium 
x phosphate product and lipid profile of haemodialysis 
patients. Nephrol Dial Transplant. 1999;14(12):2907-14.

20.	 Katopodis KP, Andrikos EK, Gouva CD, Bairaktari 
ET, Nikolopoulos PM, Takouli LK, et al. Sevelamer 
hydrochloride versus aluminum hydroxide: effect on serum 
phosphorus and lipids in CAPD patients. Perit Dial Int. 
2006;26:320-7.

21.	 Amin N. The impact of improved phosphorus control: use 
of sevelamer hydrochloride in patients with chronic renal 
failure. Nephrol Dial Transplant. 2002;17:340-5.


