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Abstract
Objective: Vitamin D deficiency in Chronic Kidney Disease is a known fact, but the data regarding the prevalence and 
extent of vitamin D deficiency in different stages of Chronic Kidney Disease is scarce. This leads to a delay in addressing 
this issue. We conducted this study to assess vitamin-D deficiency in different stages of Chronic Kidney Disease to improve 
the evidence available to Physicians and Nephrologists which can help them better address this common finding in Chronic 
Kidney Disease.
Methods: This retrospective study from a tertiary care hospital in Karachi, Pakistan, included adult Chronic Kidney Disease 
patients who had their serum 25 Hydroxy vitamin D levels done. The patients were classified according to stages of Chronic 
Kidney Disease using Estimated Glomerular Filtration Rate values. Appropriate statistical tests were performed to find a 
correlation between the severity of vitamin D deficiency in different stages of Chronic Kidney Disease with a statistically 
significant p value of <0.05 and a 95% confidence interval.
Results: In total, 148 patients were included in the study. All patients had serum 25 Hydroxy vitamin D levels less than 
30 ng/ml. The severity of vitamin D deficiency was observed to increase progressively from stage 3A Chronic Kidney Disease 
through stage 5. Vitamin D levels in Chronic Kidney Disease stage 3 were significantly greater than in Chronic Kidney 
Disease stages 4 and 5 (p value < 0.001), and stage 5 patients had the lowest vitamin D levels in our study. Similar, statistically 
significant findings were observed for serum phosphate levels, too, with stage 5 Chronic Kidney Disease patients having a 
greater serum phosphate concentration than stages 3A and 3B (p value = 0.002, 0.006).
Conclusion: All Chronic Kidney Disease patients in our study either had vitamin D insufficiency or deficiency. In addition, 
we observed a significant decrease in vitamin D levels from Chronic Kidney Disease stage 3 to stage 5. Greater serum 
phosphate levels were detected in stage 5 compared to stages 3A and 3B.
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Introduction

Chronic Kidney Disease (CKD) is defined as abnormalities 
of kidney structure and function present for more than 
3 months with implications for health and requires either an 
Estimated Glomerular Filtration Rate (eGFR) of less than 
60 ml/min or markers of kidney damage such as albuminu-
ria.1 Affecting more than 35% of the population aged 70 and 
above in its early stages, CKD can be easily considered more 
prevalent than diabetes in the global population, with a prev-
alence of 11% to 13%, according to a meta-analysis, most of 
which is in stage 3 CKD.2 Along with its deleterious effects 
on kidneys, CKD has been associated commonly with vita-
min D deficiency, more pronounced in patients who under-
went renal transplants or patients with end-stage renal 
disease.3

Vitamin D is an essential fat-soluble vitamin found in the 
human body as Cholecalciferol (Vitamin D3) and 
Ergocalciferol (Vitamin D2). These two forms receive their 
first hydroxylation in the Liver to form 25 Hydroxy vitamin 
D (calcidiol), which further undergoes final hydroxylation in 
the kidneys to the active form of vitamin D, that is, 1,25 
dihydroxy vitamin D (calcitriol).4 The major source of vita-
min D comes from the ultraviolet B induced activation of the 
stored forms in the adipose tissues.5

Vitamin D plays a pivotal role in health and disease. It is 
linked with a reduced risk of hypertension and cardiovascu-
lar disease, diabetes, and glycemic control, improving cer-
tain cancers, improving immunity, alleviating cognitive 
impairment related to Parkinson’s disease, and regulating the 
renin-angiotensin system.6 The prevalence of vitamin D 
deficiency worldwide varies among populations, such as 
about 20% in developed countries and up to 100% in low 
socio-economic countries.4 A deficiency of this essential 
vitamin contributes to a higher risk of developing cardiovas-
cular disease, fractures, autoimmune disorders, failure to 
fight against type two diabetes, depression, and even viral 
diseases such as influenza.5 Therefore, vitamin D deficiency 
impacts a variety of pathophysiological mechanisms in our 
bodies.

To complicate the issue, the prevalence of vitamin D 
deficiency in patients with CKD may be prevalent up to 
80% in the pre-dialysis population.7 Studies showed that 
vitamin D deficiency was almost invariably seen in CKD 
patients who underwent peritoneal and/or hemodialysis 
compared to patients who did not need dialysis or received 
renal transplants.8 A proposed explanation is a defective 
synthesis of cholecalciferol in patients undergoing hemodi-
alysis, irrespective of the normal substrate concentration of 
7-dehydrocholesterol.9 As mentioned before, the deficiency 
of 25 (OH) vitamin D may lead to decreased bone mass, 
muscle weakness, cognitive impairment, metabolic syn-
drome, and an increased risk of morbidity and mortality due 
to cardiovascular involvement.10 Cardiovascular disease 

accounts for more than half of all causes of mortality in peo-
ple with CKD, which is up to 20-fold higher than those 
without CKD11 Thus, targeting cardiovascular events and 
complications is a treatment target to reduce morbidity and 
mortality12 However, simple vitamin D supplementation has 
shown no effect in reducing cardiovascular events.13

Although it is known that vitamin D deficiency is com-
mon in CKD, there is little data regarding its prevalence and 
severity studied and compared in different stages of CKD, 
especially in tropical and sub-tropical, low- and middle-
income countries. Knowledge of this would allow primary 
care physicians and nephrologists to think about vitamin D 
deficiency in the CKD population at an earlier stage and set 
therapeutic goals in such patients to curtail its long-term del-
eterious effects. The aim of this study is to explore the preva-
lence of vitamin D deficiency among different stages of 
CKD in a group of the South Asian population.

Methods

This retrospective observational study was conducted from 
October 2020 to September 2021 at Medicare Cardiac and 
General Hospital and Jinnah Medical and Dental College, 
Sohail University, Karachi, Pakistan. The Ethics Review 
Committee of Jinnah Medical and Dental College approved 
the study (protocol No: 00050/20) and waived the require-
ment of informed consent, as only the anonymized hospital 
records were included. A total of 1000 patients who pre-
sented in the nephrology department were assessed for 
CKD, and 390 were diagnosed with CKD. Out of those, 
148 patients between the ages of 25 and 70 years fulfilled 
the inclusion criteria after assessing eGFR and serum 
25-OH (Hydroxy)-vitamin D levels. The study’s data is 
present in our data extraction sheet, which is available as 
Supplemental File 1. All the included participants had 
25-OH-vitamin D less than 30 ng/ml and an eGFR less than 
60 ml/min. All those patients excluded from the study who 
underwent renal replacement therapy had taken vitamin D 
supplementation in the last 3 months at the time of enroll-
ment in the study or were pregnant or breastfeeding. Other 
baseline parameters included serum calcium, phosphate, 
albumin, PTH, urea, creatinine, electrolytes, alkaline phos-
phatase, and hemoglobin levels. Demographic data, height, 
weight, and other clinical parameters such as blood pres-
sure, urine protein, primary and secondary causes of renal 
disease, and medication list were retrieved from the 
patient’s record. Patients were classified into different 
stages of CKD using the value of eGFR into stage 3A 
(eGFR = 45–59 mL/min), stage 3B (eGFR = 30–44 mL/
min), stage 4 (eGFR = 15–29 mL/min) and stage 5 
(eGFR < 15 mL/min). A retrospective file review of all 
patients with CKD was done, with an eGFR of 60 mL/
min/1.73 m2.
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Statistical analysis

The collected data was validated and analyzed using 
Statistical Package for Social Sciences version 19 (IBM, 
USA). The categorical data were presented as frequencies 
(n) and percent values (%), while the continuous variables 
were presented as mean and standard deviation. ANOVA test 
with post-hoc analysis was used to compute differences 
between the groups where appropriate. Since the variance 
was unequal (suggested by the Brown-Forsythe test), a post-
hoc Games-Howell test was carried out for multiple com-
parisons.14,15 An ordered difference between the groups was 
suggested; hence, the Jonckheere-Terpstra test was carried 
out to confirm such differences between CKD stages.16 Since 
the data was skewed, the Spearman correlation was com-
puted where appropriate.17 Only a p-value of less than 0.05 
was considered statistically significant in all analyses. A 
95% confidence interval was reported where appropriate.

Results

A total of 148 patients with CKD (male-to-female ratio = 1:1) 
were included in the study, ranging from 25 to 70 years of 
age (mean ± SD; 63.55 ± 13.84), the majority (73.6%) being 
older than 55 years. Most of the patients had diabetes melli-
tus (114 participants = 77%) and/or hypertension (144 par-
ticipants = 97.3%). Patients were categorized into CKD 
stages using the value of eGFR as stage 3A (n = 20; 13.5%), 
stage 3B (n = 27; 18.2%), stage 4 (n = 52; 35.1%) and stage 5 
(n = 49; 33.1%). The baseline characteristics and laboratory 
investigations of participants are shown in Table 1.

The laboratory parameters of the patients are presented in 
Table 2 which shows significant differences between various 
stages of CKD, suggesting higher levels of serum phosphate 
and creatinine and lower levels of serum 25-OH (Hydroxy)-
vitamin D and blood hemoglobin in progressively severer form 
of the disease. A post-hoc analysis of the data was conducted to 
elaborate on the inter-group differences (Table 3) further.

Figure 1 is a box and whisker plot that shows a progres-
sive reduction in serum 25-OH-vitamin D levels in patients 
with CKD stage 5 as compared to stage 3A. This declining 
trend was confirmed with the Jonckheere-Terpstra test (J-T 
Statistic mean ± SD, 3917.5 ± 287.7, p < 0.001). Spearman’s 
Correlation was computed between various factors and is 
shown in Table 4, suggesting a directly proportional serum 
phosphate and inversely proportional 25-OH-vitamin D and 
calcium levels with CKD severity.

Discussion

This study has shown that vitamin D deficiency increases 
with increased severity of CKD. It is also associated with 
lower serum calcium and increased serum phosphate levels, 
thus replenishing vitamin D levels could have beneficial 

implications in patient management, improving patient mor-
bidity, and mortality

Decreased vitamin D would reduce calcium absorption 
from the intestines and kidneys, leading to increased release 
of parathyroid hormone and causing increased bone resorp-
tion, ultimately leading to bone weakness and pathological 
fractures.5

A recent study from Karachi, Pakistan, reported that a sig-
nificant number of patients (70.8%) with CKD had vitamin 
D deficiency.18 This study demonstrated a significant decline 
in the levels of 25 OH-vitamin D as the severity of the dis-
ease increases, showing decreased levels of 25 Hydroxy 
vitamin D in stages 3A and 3B with much lower levels in 
stages 4 and 5. Thus this study not only found vitamin D 

Table 1.  Baseline characteristics and laboratory assessments.

Parameters Frequency Percent  

Gender  
  Male 74 50.0  
  Female 74 50.0  
Age categories  
  25–40 years 9 6.1  
  41–55 years 30 20.3  
  56–70 years 61 41.2  
  >70 years 48 32.4  
Clinical history  
  Diabetes mellitus 114 77.0  
  Hypertension 144 97.3  
CKD staging  
  Stage 3A 20 13.5  
  Stage 3B 27 18.2  
  Stage 4 52 35.1  
  Stage 5 49 33.1  

Parameters N Mean Std. Deviation

GFR 148 23.78 15.48
Hemoglobin 148 10.58 2.11
Serum calcium 129 9.28 3.59
Serum phosphate 124 4.55 1.81
Serum 25 OH vitamin D 148 13.83 8.32
Serum albumin 46 3.34 0.72
Serum creatinine level 148 3.70 2.95

Table 2.  One-way ANOVA test showing significant differences 
in the levels of various parameters between groups.

Parameters F p-Value

Hemoglobin 5.37 0.002
Serum Albumin 0.34 0.8
Serum Calcium 0.42 0.74
Serum Phosphate 4.80 0.003
Serum 25 OH vitamin D 18.40 <0.001
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deficiency in the CKD population in general but also strati-
fied the prevalence of it in different stages of CKD.

Another study from Thailand reported significantly lower 
levels of 25-OH (Hydroxy)-vitamin D with increased sever-
ity of the disease. The mean vitamin D levels in stage 3A, 
3B, 4, and stage 5 CKD patients were 27.84 ± 14.03 ng/mL, 
25.86 ± 11.14 ng/mL, 24.09 ± 11.65, and 20.82 ± 9.86 ng/
mL respectively in their study population.19 These findings 
correlate with the results of our study. However, this study 
showed a much more severe vitamin D deficiency in all 
stages of CKD than in the Thai study. In this study, the mean 
difference in serum 25-OH-vitamin D levels between vari-
ous stages of CKD was several-fold.

A similar study in the United States showed that only 29% 
of participants with moderate CKD and 17% of participants 
with severe CKD had sufficient calcidiol levels.20

The associated factors with these findings of significantly 
decreased levels of vitamin D among CKD patients and 
making them much more prone to vitamin D deficiency 
include decreased sun exposure, proteinuria, malnutrition 
due to reduced appetite, most likely due to azotemia-related 
effects on the gastrointestinal tract, and a diet consisting of 
low levels of phosphate and protein as part of a strategy com-
monly used to slow down the progress of CKD.21

Although CKD would lead to vitamin D deficiency, a 
reverse association exists. Evidence suggests an increased 

Table 3.  Post-hoc Games-Howell test for multiple comparisons. 

Dependent variable (I) CKD stage (J) CKD stage Mean difference (I–J) Std. error p-Value 95% confidence interval

Lower Upper

Serum calcium Stage 3A Stage 3B 0.17 0.29 0.930 −0.61 0.96
  Stage 4 −0.27 0.88 0.990 −2.61 2.07
  Stage 5 0.58 0.20 0.032 0.04 1.12
  Stage 3B Stage 3A −0.17 0.29 0.930 −0.96 0.61
  Stage 4 −0.45 0.90 0.960 −2.85 1.95
  Stage 5 0.40 0.29 0.525 −0.39 1.20
  Stage 4 Stage 3A 0.27 0.88 0.990 −2.07 2.61
  Stage 3B 0.45 0.90 0.960 −1.95 2.85
  Stage 5 0.85 0.88 0.770 −1.49 3.19
  Stage 5 Stage 3A −0.58 0.20 0.032 −1.12 −0.04
  Stage 3B −0.40 0.29 0.525 −1.20 0.39
  Stage 4 −0.85 0.88 0.770 −3.19 1.49
Serum phosphate Stage 3A Stage 3B 0.03 0.33 1.000 −0.86 0.92
  Stage 4 −0.59 0.32 0.257 −1.42 0.25
  Stage 5 −1.45 0.39 0.002 −2.49 −0.42
  Stage 3B Stage 3A −0.03 0.33 1.000 −0.92 0.86
  Stage 4 −0.61 0.36 0.337 −1.58 0.35
  Stage 5 −1.48 0.43 0.006 −2.62 −0.34
  Stage 4 Stage 3A 0.59 0.32 0.257 −0.25 1.42
  Stage 3B 0.61 0.36 0.337 −0.35 1.58
  Stage 5 −0.87 0.42 0.174 −1.97 0.23
  Stage 5 Stage 3A 1.45 0.39 0.002 0.42 2.49
  Stage 3B 1.48 0.43 0.006 0.34 2.62
  Stage 4 0.87 0.42 0.174 −0.23 1.97
Serum 25-OH vitamin D Stage 3A Stage 3B 4.13 2.31 0.293 −2.05 10.32
  Stage 4 9.59 2.00 <0.001 4.16 15.02
  Stage 5 12.55 2.01 <0.001 7.10 18.00
  Stage 3B Stage 3A −4.13 2.31 0.293 −10.32 2.05
  Stage 4 5.46 1.77 0.018 0.73 10.18
  Stage 5 8.42 1.78 <0.001 3.67 13.16
  Stage 4 Stage 3A −9.59 2.00 <0.001 −15.02 −4.16
  Stage 3B −5.46 1.77 0.018 −10.18 −0.73
  Stage 5 2.96 1.36 0.135 −0.58 6.51
  Stage 5 Stage 3A −12.55 2.01 <0.001 −18.00 −7.10
  Stage 3B −8.42 1.78 <0.001 −13.16 −3.67
  Stage 4 −2.96 1.36 0.135 −6.51 0.58

The “bold” values signify the statistically significant numbers.
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risk of CKD in the general population with vitamin D defi-
ciency. This can be explained by the effect of vitamin D on 
regulating blood pressure by affecting the endothelial func-
tion and renin-angiotensin-aldosterone system (RAAS). 
Increased activity of RAAS has been reported in vitamin D 
receptor knockout mice, resulting in hypertension. 
Interestingly, vitamin D supplementation resulted in the sup-
pression of RAAS and blood pressure reduction.22 However, 
a large meta-analysis concluded no effect of vitamin D sup-
plementation on blood pressure regulation. This suggested 
that the role of vitamin D on RAAS and the regulation of 
blood pressure would be more complex.23

Previous studies have shown an association between 
CKD and increased serum phosphate levels.24 
Hyperphosphatemia associated with CKD can be considered 
the root cause of cardiovascular calcifications, renal osteod-
ystrophy, and secondary hyperparathyroidism, associated 
with an increased possibility of morbidity and mortality.25 
Our results correspond to previous studies mentioned above, 
with increasing vitamin D deficiency with increased serum 
phosphate levels in more severe forms of CKD.

The main strength of the current study is that it not only 
highlights a very prevalent issue in the CKD population, that 
is, vitamin D deficiency but also stratifies the data and men-
tioned vitamin D deficiency in different stages of CKD as 
well, which makes it a more specific yet comparative study 
useful equally for both primary care physicians and neph-
rologists and highlights the need of vigilant laboratorian 
checks on patients, especially with severe forms of CKD for 
such sequelae of the disease. This study is from Pakistan, a 
sub-tropical region where it is expected that baseline vita-
min-D levels would remain normal or higher due to abun-
dant exposure to the sun. Patients included in the study with 
a wider range of ages helped us assess the variation in 
extremes of ages.

The main limitation of our study was that it was performed 
only in a single tertiary care center in Karachi, Pakistan, utiliz-
ing convenience retrospective file review for sample collec-
tion. Thus, the generalizability of the results requires validation. 
Another limitation was the time duration of 12 months with 
148 patients included in the study. We did not perform power 
analysis for sample size calculation; nevertheless, a sample 
size of 148 was comparable to contemporary studies.

Conclusion

CKD is associated with decreased vitamin D levels, more 
pronounced in its later stages. The data indicates a decreased 
25 OH-vitamin D levels in patients with CKD along with 
hyperphosphatemia and anemia. All these were noted to be 
more pronounced in the later stages of CKD. Larger cohort 
studies in other populations, including larger sample size, 
would validate these findings.
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Figure 1.  Box plot showing lower vitamin D levels (ng/ml) levels 
in severer forms of CKD.

Table 4.  Negative Spearman’s (rho) correlation test shows a decline in vitamin D levels with an increase in the severity of the disease.

Parameters CKD stage Serum calcium Serum phosphate Serum 25-OH vitamin D

CKD stage rho 1  
N 148  

Serum calcium rho −0.184a 1  
N 129 129  

Serum phosphate rho 0.333b −0.179a 1  
N 124 124 124  

Serum 25-OH vitamin D rho −0.518b 0.220a −0.365b 1
N 148 129 124 148

aCorrelation is significant at the 0.05 level (2-tailed).
bCorrelation is significant at the 0.01 level (2-tailed).



6	 SAGE Open Medicine

Declaration of conflicting interests

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

Ethics approval

Ethical approval for this study was obtained from “Institutional 
Review Board (IRB) Jinnah Medical and Dental College, Karachi, 
Pakistan (APPROVAL NUMBER: 00050/20).”

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Informed consent

Informed consent was not sought for the present study because “All 
the included data in our study is extracted directly from hospital 
records and as it is our institutional policy to take prior consent 
before the commencement of treatment for the use of any and all 
data for the purpose of academic and research activities as such the 
IRN board waived the requirement for individual patient consent.”

ORCID iD

Sameer Saleem Tebha  https://orcid.org/0000-0001-8480-6148

Supplemental material

Supplemental material for this article is available online.

References

	 1.	 Webster AC, Nagler EV, Morton RL, et  al. Chronic kidney 
disease. Lancet, 2017; 389(10075): 1238–1252

	 2.	 Hill NR, Fatoba ST, Oke JL, et  al. Global prevalence of 
chronic kidney disease–a systematic review and meta-analy-
sis. PloS One 2016; 11(7): e0158765.

	 3.	 Obi Y, Hamano T and Isaka Y. Prevalence and prognostic 
implications of vitamin D deficiency in chronic kidney dis-
ease. Dis Markers 2015; 2015: 868961.

	 4.	 Holick MF. Vitamin D deficiency. New England J Med 2007; 
357(3): 266–281.

	 5.	 Nair R and Maseeh A. Vitamin D: The “sunshine” vitamin. J 
Pharmacol Pharmacother 2012; 3(2): 118.

	 6.	 Wang H, Chen W, Li D, et al. Vitamin D and chronic diseases. 
Aging Dis 2017; 8(3): 346.

	 7.	 Caravaca-Fontán F, Gonzales-Candia B, Luna E, et  al. 
Importancia relativa de los factores determinantes de los nive-
les séricos de 25-hidroxi-colecalciferol en la enfermedad renal 
crónica. nefrologia 2016; 36(5): 510–516.

	 8.	 Çankaya E, Bilen Y, Keleş M, et  al. Comparison of serum 
vitamin D Levels among patients with chronic kidney disease, 
patients in dialysis, and renal transplant patients. Transplant 
Proc 2015; 47(5): 1405–1407.

	 9.	 Jacob AI, Sallman A, Santiz Z, et  al. Defective photopro-
duction of cholecalciferol in normal and uremic humans. J 
Nutrition 1984; 114(7): 1313–1319.

	10.	 Jean G, Souberbielle JC and Chazot C. Vitamin D in chronic 
kidney disease and dialysis patients. Nutrients 2017; 9(4): 328.

	11.	 Beddhu S, Logar CM and Herzog CA. Diagnosis and therapy 
of coronary artery disease in renal failure, end-stage renal dis-
ease, and renal transplant populations. Am J Med Sci 2003; 
325(4): 214–227.

	12.	 Forman DE, Butler J, Wang Y, et al. Incidence, predictors at 
admission, and impact of worsening renal function among 
patients hospitalized with heart failure. J Am Coll Cardiol 
2004; 43(1): 61–67.

	13.	 Nicole L. Meta-Analysis: Don’t Expect Cardiovascular 
Benefit from Vitamin or Calcium Pills. MedPage Today, 25 
January 2021. https://academic.oup.com/jn/article-abstract 
/114/7/1313/4755684

	14.	 Glass G and Hopkins K. Statistical methods in education and 
psychology. Needham Heights, MA: Allyn & Bacon, 1996.

	15.	 Ruxton GD and Beauchamp G. Time for some a priori think-
ing about post hoc testing. Behav Ecol 2008; 19(3): 690–693.

	16.	 Lunneborg CE. Jonckheere–Terpstra Test [Internet]. Wiley 
StatsRef: Statistics Reference Online. Hoboken, NJ: Wiley, 
2014.

	17.	 Zar JH. Spearman rank correlation: overview [Internet]. 
Wiley StatsRef: Statistics Reference Online. Hoboken, NJ: 
Wiley, 2014.

	18.	 Memon S, Alam A and Iftikhar S. The frequency of vitamin 
D deficiency in chronic kidney disease and its relation with 
baseline mineral bone markers. JPMA 2020; 70(3): 432–436.

	19.	 Satirapoj B, Limwannata P, Chaiprasert A, et al. Vitamin D 
insufficiency and deficiency with stages of chronic kidney 
disease in an Asian population. BMC Nephrol 2013; 14(1): 
1–5.

	20.	 LaClair RE, Hellman RN, Karp SL, et al. Prevalence of calcid-
iol deficiency in CKD: a cross-sectional study across latitudes 
in the United States. Am J Kidney Dis 2005; 45(6): 1026–1033.

	21.	 Franca Gois PH, Wolley M, Ranganathan D, et  al. Vitamin 
D deficiency in chronic kidney disease: recent evidence and 
controversies. Int J Environ Res Public Health 2018; 15(8): 
1773.

	22.	 Li YC, Kong J, Wei M, et al. 1,25-Dihydroxyvitamin D(3) is a 
negative endocrine regulator of the renin-angiotensin system. 
J Clin Invest 2002; 110(2): 229–238.

	23.	 Beveridge LA, Struthers AD, Khan F, et al. Effect of vitamin 
D supplementation on blood pressure: a systematic review and 
meta-analysis incorporating individual patient data. JAMA 
Intern Med 2015; 175: 745–754.

	24.	 Vervloet MG and van Ballegooijen AJ. Prevention and treat-
ment of hyperphosphatemia in chronic kidney disease. Kidney 
Int 2018; 93(5): 1060–1072.

	25.	 Shaman AM and Kowalski SR. Hyperphosphatemia manage-
ment in patients with chronic kidney disease. Saudi Pharm J 
2016; 24(4): 494–505.

https://orcid.org/0000-0001-8480-6148
https://academic.oup.com/jn/article-abstract/114/7/1313/4755
684
https://academic.oup.com/jn/article-abstract/114/7/1313/4755
684

