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ABSTRACT

Background: CKD related hyperphosphatemia is associated with CKD mineral and bone disorder (CKD-MBD), which 
has a high rate of disability among patients especially in the elderly, abnormal rise of serum phosphorus eventually 
leads to cardiovascular disabilities, left ventricular hypertrophy in patients who are on hemodialysis. Non-calcium, 
non-metal based phosphate adhering agent that can retard absorption of phosphate from alimentary canal thereby 
reducing serum phosphate level can prove to be more useful, one such agent is sevelamer hydrochloride. Objective: 
To study the serum concentration of phosphorus in patients who were known case of chronic kidney disease from 
stages 3rd to 5th and their clinical profile and therapeutic outcomes with the drug sevelamer hydrochloride. This study 
also aims to highlight the role of sevelamer hydrochloride in CKD (3-5) and reduce the burden of hypertension (HTN), 
and chronic kidney disease (CKD). Methodology: Single centered, prospective observational study was conducted in 
a tertiary care hospital. It was conducted over a period of 6 months. A total of 64 patients were involved in the study, 
and data were collected through patient data collection form, treatment chart or case sheet and interaction with the 
patient. Results: Among recruited patients 46.03% were male and 53.96% were female, the majority was between 
35-65 years of age. The 4th and 5th stage of CKD was seen in the majority of the subjects. Conclusion: Sevelamer 
hydrochloride is effective even in an elderly patient; diabetic sluggish retardation may be boon with sevelamer 
hydrochloride but may hinder the effect of other drugs that reduce serum creatinine levels and improves GFR.
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INTRODUCTION

Hyperphosphatemia is associated with CKD mineral and bone disorder (CKD-MBD), previous studies concluded that 
poor control of serum phosphorus is the reason behind the rise in mortality and morbidity among patients especially the 
elders. Elevated serum phosphorus levels among patients who are hemodialysis poses the risk of increased calcification 
of vascular tissue as it also affects the calcium metabolism, coronary artery calcification, and cardiovascular mortality 
has also been reported [1].

Kidney Disease Outcomes Quality Initiative (KDOQI) has given a set of instructions for different levels of severity of 
chronic kidney disease at an Estimated glomerular filtration rate (EGFR) between 15-59 ml/min/1.73m2 (stage 3 and 
stage 4 CKD), the serum phosphate should be between 2.7 mg/dl and 4.6 mg/dl (0.87 mmol/l and 1.49 mmol/l). At 
an EGFR ≤ 15 ml/min/1.73m2 (stage 5 CKD), the serum phosphate should be between 3.5 mg/dl and 5.5 mg/dl (1.13 
mmol/l and 1.78 mmol/l) [2-4].

Sevelamer hydrochloride is non-calcium and metal-based phosphate adherent, which forms a non-absorbable 
complex when it comes in contact with dietary phosphate, which helps in further increase in serum phosphate level. 
Hemodialysis clears the remaining serum phosphorus thereby maintaining balance, this also helps in keeping calcium 
level in check, if not that may lead to overexpression of parathyroid hormone thereby playing a role in the reduction 
of the cardiovascular calcification [5,6].
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PATIENTS AND METHODS

Data and Study Design

It is a single centered, prospective observational study. The study was undertaken after the approval of the Institutional 
Ethics Committee (IEC). It has been conducted in the Nephrology Department of Princess Esra Hospital, over a 
period of 6-months. A total of 64 patients data was collected through, patient data collection form, treatment chart or 
case sheet, and interaction with the patients.

Criteria

•	 The patient who were willing to participate with consent, either gender more than 18 years of age, patient 
who were undergoing hemodialysis, abnormal serum phosphate levels i.e >1.76 mmol/L (5.50 mg/dL) after 
2 weeks before any phosphate adherent, willing to avoid intentional changes in diet such as fasting or dieting 
were enrolled in the study

•	 Patients with a history of peritonitis, dysphagia, swallowing disorder, bowel obstruction, or severe 
gastrointestinal motility disorder, patient with under controlled diabetes mellitus, hypertension, active 
vasculitis, Human Immunodeficiency Virus (HIV) infection, or any clinically significant, unstable medical 
condition, patients who were taking antiarrhythmic medication, seizure medications, patients who are heavy 
drinkers and tobacco users, if females are pregnant, planning on becoming pregnant in the next 6 months or 
breastfeeding, patients with a known hypersensitivity to sevelamer were excluded from the study

Statistical Analysis

Statistical analysis was split into the descriptive and inferential analysis. Excel was used to generate tables and graphs; 
students paired t-test was used for the comparison of before and after the administration of sevelamer hydrochloride.

RESULTS

Descriptive Analysis

Among recruited patients 46.03% were males and 53.96% were females (Table 1 and Figure1), the majority were 
between 35-65 years of age (Table 2 and Figure 2). The 4th and 5th stage of CKD were seen in the majority of the 
subjects (Table 3 and Figure 3). Hypertension and diabetes were present among all patients some of them were 
suffering from more than 2 years, some of them for more than 5 years.

Table 1 Distribution of patients based on sex

Gender Number of patients Percentage
Male 29 46.03%

Female 34 53.96%
Total 63 100.00%

Figure 1 Distribution of patients based on sex
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Table 2 Distribution of the patients based on age

Lower bound Upper bound Frequency Relative frequency Density

20.0 25.7 1 0.016 0.003

25.7 31.4 2 0.032 0.006

31.4 37.1 3 0.048 0.008

37.1 42.8 11 0.175 0.031

42.8 48.5 6 0.095 0.017

48.5 54.2 13 0.206 0.036

54.2 59.9 12 0.190 0.033

59.9 65.6 11 0.175 0.031

65.6 71.3 3 0.048 0.008

Figure 2 Distribution of the patients based on age

Table 3 Distribution of patient based on the stages of CKD

Lower bound Upper bound Frequency Relative frequency Density

3.00 3.21 6 0.095 0.454

3.21 3.42 0 0.000 0.000

3.42 3.63 0 0.000 0.000

3.63 3.84 0 0.000 0.000

3.84 4.05 17 0.270 1.285

4.05 4.26 0 0.000 0.000

4.26 4.47 0 0.000 0.000

4.47 4.68 0 0.000 0.000

4.68 4.89 0 0.000 0.000
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Figure 3 Distribution of patient based on the stages of CKD

Inferential Analysis 

Serum phosphate levels after the administration of sevelamer hydrochloride would be less than before the administration 
of sevelamer hydrochloride, to test this hypothesis one-tailed student paired t-test was performed at a 95% confidence 
interval, i.e. at a probability of 0.05 (Figures 4 and 5).

Figure 4 Serum phosphate levels before and after the administration of sevelamer hydrochloride, Blue: After the 
administration of sevelamer hydrochloride; Red: Before the administration of sevelamer hydrochloride
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Figure 5 Difference in the mean of serum phosphate levels; 1: Before administration of sevelamer hydrochloride; 2: After 
administration of sevelamer hydrochloride

Logic of the Analysis

The analysis was done to know that the difference in the sample mean was small enough for us to confirm our 
hypothesis.

The difference in the mean was found to be 2.925396825 produced a T-statistic of 5.08356E-29. The T-distribution 
calculator was used to find p (t<5.08356E-29)=1.000 (Figure 5). 

Interpretation of Results

The null hypothesis cannot be rejected, as p-value was found to be greater than 0.05 so we concluded that there 
is enough statistical evidence to support the original belief that serum phosphate level after the administration of 
sevelamer hydrochloride would decrease drastically.

DISCUSSION AND CONCLUSION

The study was carried out in the patients who had elevated serum phosphate levels. After initiation of the sevelamer 
hydrochloride the serum phosphate levels declined [7]. Elevated serum phosphate levels were associated with serious 
clinical implications such as mineral bone disease, secondary hyperparathyroidism, cardiovascular calcification, etc., 
which has raised disabilities among hemodialysis patients, the cornerstone of treating these ailments is a dietary 
restriction of phosphate along with phosphate adherents [8,9].

Gastropathy in diabetes is common, because of this malabsorption can occur which causes sluggish retardation of 
the drug in CKD, due to which patient suffers from hyperphosphatemia in which serum phosphorus balance cannot 
be maintained properly, which worsens with age-related sluggish retardation of the gastrointestinal tract, even with 
proper phosphate restriction in patients diet [10-12]. 

In this study majority of patients were diabetic and elderly, sevelamer hydrochloride binds with the dietary phosphate 
and retards its absorption into the serum but phosphate which is already present in the stomach can only be cleared 
through dialysis, in this study sluggish retardation and slow absorbing stomach increases the effect of sevelamer and 
thus serum phosphate levels, but this could backfire with other medicine that act after entering serum, thus we need 
more effective strategy in lowering phosphate [13-18]. This study showed that sevelamer hydrochloride is effective 
even in elderly patients; diabetic sluggish retardation may be boon with sevelamer but may hinder the effectiveness 
of other drugs that reduce creatinine level and improve GFR [19,20].



Habeeb, et al. Int J Med Res Health Sci 2018, 7(12): 31-36

36

Kadhim, et al.

DECLARATIONS

Conflict of Interest

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of 
this article.

REFERENCES
[1]	 Bricker, Neal S., et al. “Calcium, phosphorus, and bone in renal disease and transplantation.” Archives of Internal 

Medicine, Vol. 123, No. 5, 1969, pp. 543-53. 
[2]	 Bricker, Neal S. “On the pathogenesis of the uremic state: An exposition of the trade-off hypothesis.”  New 

England Journal of Medicine, Vol. 286, No. 20, 1972, pp. 1093-99. 
[3]	 Norris, Keith C. “Toward a new treatment paradigm for hyperphosphatemia in chronic renal disease.” Dialysis 

and Transplantation, Vol. 27, No. 12, 1998, pp. 767-73.
[4]	 Block, Geoffrey A., and Friedrich K. Port. “Re-evaluation of risks associated with hyperphosphatemia and 

hyperparathyroidism in dialysis patients: recommendations for a change in management.” American Journal of 
Kidney Diseases, Vol. 35, No. 6, 2000, pp. 1226-37.

[5]	 Lau K. Phosphate disorders. “Fluids and Electrolytes.” Philadelphia, Pa: Saunders, 1986, pp. 398-470.
[6]	 Delmez, James A., and Eduardo Slatopolsky. “Hyperphosphatemia: its consequences and treatment in patients 

with chronic renal disease.” American Journal of Kidney Diseases, Vol. 19, No. 4, 1992, pp. 303-17. 
[7]	 Slatopolsky, E., et al. “The control of phosphate excretion in uremia.” The Journal of Clinical Investigation, Vol. 

45, No. 5, 1966, pp. 672-77.
[8]	 Slatopolsky, Eduardo, and James A. Delmez. “Pathogenesis of secondary hyperparathyroidism.”  American 

Journal of Kidney Diseases, Vol. 23, No. 2, 1994, pp. 229-36.
[9]	 Lowrie, Edmund G., and Nancy L. Lew. “Death risk in hemodialysis patients: the predictive value of commonly 

measured variables and an evaluation of death rate differences between facilities.” American Journal of Kidney 
Diseases, Vol. 15, No. 5, 1990, pp. 458-82. 

[10]	Block, Geoffrey A., et al. “Association of serum phosphorus and calcium  phosphate product with mortality risk 
in chronic hemodialysis patients: a national study.” American Journal of Kidney Diseases, Vol. 31, No. 4, 1998, 
pp. 607-17. 

[11]	Rostand, Stephen G., and Tilman B. Drüeke. “Parathyroid hormone, vitamin D, and cardiovascular disease in 
chronic renal failure.” Kidney International, Vol. 56, No. 2, 1999, pp. 383-92. 

[12]	Qunibi, Wajeh Y., Charles A. Nolan, and J. Carlos Ayus. “Cardiovascular calcification in patients with end-stage 
renal disease: a century-old phenomenon.” Kidney International, Vol. 62, 2002, pp. 73-80.

[13]	Eknoyan, Garabed, Adeera Levin, and Nathan W. Levin. “Bone metabolism and disease in chronic kidney 
disease.” American Journal of Kidney Diseases, Vol. 42, 2003, pp. 1-201. 

[14]	Alfrey, Allen C., Gary R. LeGendre, and William D. Kaehny. “The dialysis encephalopathy syndrome: Possible 
aluminum intoxication.” New England Journal of Medicine, Vol. 294, No. 4, 1976, pp. 184-88.

[15]	Andreoli, Sharon P., Jerry M. Bergstein, and Donald J. Sherrard. “Aluminum intoxication from aluminum-
containing phosphate binders in children with azotemia not undergoing dialysis.”  New England Journal of 
Medicine, Vol. 310, No. 17, 1984, pp. 1079-84.

[16]	Clarkson, E. M. “The effect of a high intake of calcium carbonate in normal subjects and patients with chronic 
renal failure.” Clinical Science, Vol. 30, 1966, pp. 425-38.

[17]	Mai, Martin L., et al. “Calcium acetate, an effective phosphorus binder in patients with renal failure.” Kidney 
International, Vol. 36, No. 4, 1989, pp. 690-95. 

[18]	Schiller, Lawrence R., et al. “Effect of the time of administration of calcium acetate on phosphorus binding.” New 
England Journal of Medicine, Vol. 320, No. 17, 1989, pp. 1110-13.

[19]	Clarkson, E. M., et al. “Net intestinal absorption of calcium in patients with chronic renal failure.”  Kidney 
International, Vol. 3, No. 4, 1973, pp. 258-63. 

[20]	Mucsi, Istvan, and Gavril Hercz. “Relative hypoparathyroidism and adynamic bone disease.”  The American 
Journal of the Medical Sciences, Vol. 317, No. 6, 1999, pp. 405-09.


