
Vitamin D and chronic kidney disease

Introduction
Nowadays, new studies evaluating epidemiologic and oth-
er statuses of vitamin D, addressed that prevalence of hy-
povitaminosis D is increasing especially in poor countries 
but in development countries this deficiency of vitamin 
D is not significant (1,2). Deficiency or insufficiency of 
vitamin D has many variety of manifestations and dis-
eases. Because this important vitamin can change rate 
of absorption of some mineral metabolites like calcium 
and phosphor, low serum level of this vitamin decreases 
absorption of both calcium and phosphor and can cause 
rickets in children and osteomalacia and osteoporosis in 
adult. Except inadequate vitamin D in food regimen that 
is one of reasons of hypovitaminosis D, poor renal func-
tion or chronic kidney disease (CKD) in these persons, 
can trigger hypovitaminosis D. While, production of ac-
tive form of this vitamin mainly is located in kidney cells, 
end-stage renal disease (ESRD) patients or patients who 
have CKD, have high chance for low serum level of this ac-
tive form that has important role in absorption of calcium 
and phosphorus from gastrointestinal system and through 
renal function, according to its role. Such patients are at 
calcium deficiency risk and other related diseases. 

Materials and Methods
For collecting data about this review article, we have used 
very relevant articles that discussed about different aspect 

of our subject from different databases like PubMed, Cur-
rent Content, Embase. Selection of related articles from 
these sites was carried out by searching some keywords 
like hypovitaminosis D, secondary hyperparathyroidism, 
renal osteodystrophy, parathormone (PTH), chronic kid-
ney disease, end-stage renal disease, 25-hydroxycholecal-
ciferol, rickets, and osteomalacia. We included full text ar-
ticles and abstracts in this review article that were written 
in English language. 

Synthesis of vitamin D in body and its role 
Vitamin D is one of the fat-soluble type of vitamins. This 
vitamin has five types that some types of this vitamin, are 
major form of this vitamin like vitamin D2 and vitamin 
D3 that respectively be called ergocalciferol and cholecal-
ciferol. There are little food that contain this vitamin (3).
The major way of production of this vitamin is by its pro-
duction in skin under sun exposure. This type of vitamin 
D that synthesizes in skin, is its inactive type, but enzymes 
that are in liver and kidney can change it into active form. 
Both of vitamin D2 and vitamin D3, converted to 25-hy-
droxyergocalciferol and 25-hydroxycholecalciferol (cal-
cidiol), respectively. Both of these types of vitamin D are 
measured to estimate status of vitamin D in body and its 
stores condition. Among various forms of this vitamin that 
circulate in human body, form of this vitamin (25(OH)
D) that converted in liver has higher half-life time com-
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pared to other forms of vitamin D. In fact, 25(OH)D that 
produced by liver enzyme has about 14 to 21 days half-
life time, but other form of this vitamin that converted by 
kidney enzyme (1,25(OH)2D) has shorter half-life time, 
about 4 to 5 hours in body. Kidney can convert calcidiol 
into calcitriol by its enzymes. Calcitriol that is produced in 
kidney is active form of vitamin D and has role as a hor-
mone (4-6). This vitamin has very important role in some 
mineral homeostasis and metabolism like calcium. Not 
enough sun exposure and poor food regimen and dietary 
that contain low vitamin D, various malabsorptive disor-
ders and impaired function of some enzymes in liver and 
kidney that convert vitamin D into active form, can result 
vitamin D deficiency. Vitamin D deficiency is becoming 
a global health issue because of its increasing prevalence 
of it in different communities especially in some groups 
of population like children and adult. Deficiency of this 
vitamin can cause different disease like rickets, osteoma-
lacia (7-9).

Excess of vitamin D
On the other hand, excess of this vitamin is uncommon. 
Vitamin D toxicity can result hypercalcemia and its excess 
in human body causes its deposition in some organs like 
liver, kidney, heart and other soft tissues that are in body 
that can damage to these organs. Intake of more than 4000 
IU/day can cause vitamin D toxicity. Some manifestations 
of vitamin D toxicity that hypercalcemia is one of them, 
is polyuria, polydipsia, weakness, confusion, weakness in 
muscle, anorexia, nausea, disturbance in nervous system, 
and pruritus. Some of these excess of calcium in serum in 
calcium can be manifested in renal (10-13). For example, 
proteinuria, existence of tubular casts, azotemia, metastat-
ic calcification in renal, stone formation in renal and even 
renal failure in such patients can be seen (14).

Vitamin D and its relation with other diseases 
Active form of this vitamin plays an important role in 
absorption of calcium in gastrointestinal system. In ad-
dition calcitriol affects to receptors in parathyroid gland 
and decreases release or production of PTH hormone 
(parathormone) by its binding to these receptors and then 
have important role for prevention of secondary hyper-
parathyroidism. According to this effect, in CKD patients, 
deficiency of calcitriol can predispose such patients to 
secondary hyperparathyroidism (15-18). According to 

 Implication for health policy/practice/research/
medical education
Hypovitaminosis D has high prevalence among many 
countries. This vitamin can affect on functional of some 
organ like renal and cardiovascular system and even has 
effect on mortality rate of some patients like end-stage 
renal disease (ESRD) patients. While, deficiency of this 
vitamin, is very more common than its hypervitaminosis, 
more researches need to be carried out for determining 
exact needed supplement dosage for inhibition of vitamin D 
deficiency.

this function, and role of this vitamin in absorption of cal-
cium, deficiency of this vitamin, can cause some calcium 
deficiency related diseases like rickets in children that are 
in growing period of time. Except rickets, there are many 
other disorders that can manifest when this type of vita-
min reach to deficiency level of its in body. Examples of 
diseases that are associated to vitamin D deficiency are; 
rheumatoid arthritis(19,20), some disorders in mood (21, 
22), type 1 diabetes (23,24) and inflammatory bowel dis-
ease (IBD). Further researches showed that, there is asso-
ciated risk in vitamin D deficiency and some cancers like 
breast, colon, and prostate in whom that have deficiency 
in vitamin D (25-28). These findings led to some recom-
mendations for preventing of vitamin D deficiency.

Existence of guideline for prevention of hypovitaminosis D
Some new researches showed that intake of about 400 unit 
vitamin D daily in neo infants can prevent its vitamin defi-
ciency and further problem and disorders that can happen 
through the vitamin deficiency. Intake of about 600 unit 
for young people between 1 to 18 years old is enough for 
preventing deficiency (7,29-31).

Vitamin D and its role on cardiovascular system 
There are many researches that demonstrate, the link be-
tween level of calcium and 25OHD in blood circulation 
and blood pressure (32). Calcium supplementation and 
reaching of vitamin D serum level to higher than deficien-
cy level can affect on diastolic blood pressure in hyper-
tensive group (≥140/90 mm Hg) in two sexes, although 
this reduction in blood pressure was low. However, its ef-
fect on systolic blood pressure level was not as much as 
diastolic pressure (33-40). There is inverted relationship 
between serum level of calcitriol and calcification in car-
diovascular system. It is interesting to note that, there is a 
form of vitamin D (alfacalcidol) which can prevent vascu-
lar calcification in such patients. In addition, relationship 
between level of some forms of vitamin D and vascular 
calcification can be very different among various races 
and descents. For example, high serum level of calcidi-
ol can raise risk of aorta and carotid calcification plaque 
among African Americans, but this relationship has dif-
ferent results among other races (39-44). Besides effect of 
vitamin D on cardiovascular system, other researches on 
vitamin D showed that serum concentration of vitamin D 
and 25(OH)D can also have role in diabetes 1, 2 and obe-
sity. Lower level of 25(OH)D can have linear correlation 
in developing diabetes in males. Relationship between this 
vitamin and type 1 diabetes can be because of its effect on 
other body system specially, on immune system (45-47). 
Except two types of diabetes, metabolic syndrome can be 
affected by the status of vitamin D in body (48,49). As dis-
cussed earlier, this vitamin has a role and effect nervous 
system and psychiatric status, because receptors of vita-
min D and enzymes that converted this vitamin to active 
form of it, presented in the brain cells. According to the 
presence of these receptors and related enzymes, vitamin 
D has a role in neural function and its development. In 
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this regard, some researchers noted that, a lower than nor-
mal of vitamin D level in some nervous disorders like Alz-
heimer, in comparison  to normal persons  (50,51).
Deficiency in dihydroxyvitamin D3, can be happened in 
patients who have ESRD or chronic renal disease with 
poor renal function. This deficiency in vitamin D3 is due 
to decrease in kidney size and more production of fibro-
blast growth factor (FGF 23). This factor that is produced 
in osteocyte, is inhibitor of 1 alpha hydroxylase enzyme 
in kidney that can convert vitamin D3 into active form 
of it (52-55). In addition, some researches demonstrated 
that there is resistance to parathyroid hormone in such 
patients. Therefore, hypocalcemia that is one of the many 
manifestations of CKD and in long term of it, can cause 
other disorders like secondary hyperparathyroidism, os-
teodystrophy in renal in long time. These abnormalities 
in some mineral metabolisms like phosphorus, calcium 
and adjustment on their concentrations that happen in 
CKD, is due to defect in kidney dysfunction. For example, 
disorder in calcium metabolism may show itself in differ-
ent ways in CKD patients. One of them, is defect in bone 
mineralization and its volume, calcification in vessels and 
other many calcium related abnormalities that can be seen 
in these patients (56-60).

Staging of renal failure and some of its manifestations 
For determining stage of renal failure in CKD, there are 
some criteria. Glomerular filtration rate (GFR) is useful 
for staging of renal failure. Individuals that their GFR is 
lesser than 60 ml/minute/1.73m2 in about 90 days, is con-
sidered as CKD whatever renal injury be present in kidney 
or not. In stage 1 of CKD, GFR is more than 90, in stage 2, 
between 89-69, in stage 3 is between 30-59, and between 
29-15 in fourth stage, finally in fifth stage, GFR is below 
15 ml/minute/1.73 m2. In this stage, we called this situa-
tion ESRD. Renal replacement therapy is done in whom 
have stage 5, but this preparation for transplant, is better 
that be done in fourth stage of CKD patients. CKD can be 
identified by serum level of creatinine (breakdown meta-
bolic that produced in kidney). However, it is important 
to note that in early stage CKD, serum level of creatinine 
is in normal range but this amount of creatinine , can 
rise after passing time and become higher in later stages. 
There are many signs and symptoms for CKD. Some of 
these signs and symptoms for CKD patients are; hyper-
phosphatemia, hypocalcemia, hyperkalemia, elevation in 
serum nitrogen and creatinine, metabolic acidosis, iron 
deficiency, decrease in erythropoietin level because renal 
dysfunction in such patients, fluid volume overload due to 
inability of kidney to excretion of fluid that cause edema 
or even pulmonary edema, and even some dysfunction 
in sexuality disorders. As CKD has many manifestations, 
there are different reasons for happening CKD. Diabetes 
mellitus, hypertension, glomerulonephritis are common 
causes of CKD, but among these reasons, diabetes mel-
litus has more prevalence. There are also other diseases 
like polycystic renal disease and vasculitis. But these types 
of disorders have lesser prevalence. When patients have 

CKD, risk of cardiovascular diseases such as heart disease, 
elevated level of lipids in blood, increase this elevation in 
cardiovascular disease in such patients has relationship 
with high mortality rate of CKD patients. Decreasing the 
progression rate of this disease, is main treatment of CKD. 
Some drugs like angiotensin converting enzyme inhibi-
tors (ACEIs) or angiotensin receptor antagonist (ARBs) 
that decrease blood pressure, can slow progression rate of 
CKD. Moreover, these drugs that affect on CKD progres-
sion, have positive effect on decreasing hypertension that 
is very common in such patients. Therefore, these drugs, 
can also lower risk of cardiovascular disorders. In addition 
to these modalities, some researches, showed benefit in 
using of erythropoietin and calcitriol in people who are in 
high-level of renal dysfunction. For treatment of anemia 
in CKD patients, target hemoglobin level in blood is about 
12g/dl. In addition, for treatment of other abnormalities 
that may cause by CKD, other drugs can be used, such as 
phosphate binders that is administered to control of hy-
perphosphatemia in these patients. Finally in fifth stage 
of CKD, renal replacement therapy is preferred (60-70).

Renal osteodystrophy
Advanced CKD is a life-threatening disease with signifi-
cant complication including renal osteodystrophy (71-80).
 When there is CKD, secondary hyperparathyroidism 
that occurred in such patients, this renal osteodystrophy 
is happened because of deficiency and defect in absorp-
tion of this vitamin. Some manifestations of this disease 
in CKD patients are; deformities in skeletal structure, 
and some joint abnormalities like slipped capital femoral 
epiphyses (81).

Growth of bone in CKD
As low serum dose of parathyroid hormone can cause de-
creased bone turn over, on the other hand excess secretion 
of this parathyroid hormone because of renal impairment 
in electrolytes balancing like sodium, potassium, calcium, 
and other minerals are in serum, epiphyseal and growth 
plat destruction and fracture in some parts of bone like 
metaphyseal can also be seen (82). 

Hypovitaminosis D and cancer 
Recent researches demonstrated that deficiency of vita-
min D in some cancers can affect the outcome of these 
patients, but there is no enough data that can show vi-
tamin D supplements can have sufficient effect on such 
cancerous patients with hypovitaminosis D. Moreover, 
according to the low level of this vitamin in cancerous pa-
tients, some other researches demonstrated that death risk 
in these patients decreased by administration of vitamin D 
supplements (83,84).

Obesity and vitamin D
Decreased serum level of vitamin D also is found in 
obese persons. This decreased serum level of vitamin D 
in blood is maybe due to decreased absorption of this 
vitamin in gastrointestinal system and also its lower pro-
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duction in skin due to elevated fat cells under skin and in 
adipose tissue. In a research, carried out in Spain, more 
than 1200 persons evaluated in this analysis, and rela-
tionship between deficiency of this vitamin and obesity 
was shown (85). 

Vitamin D deficiency in CKD 
Recently it was detected that insufficiency of 25OHD is 
common whatever renal replacement therapy is done in 
such patients or not. Similarly, it was shown that, vitamin 
D supplementation may improve status of this vitamin in 
whom needed peritoneal dialysis (80-87). More recent 
findings demonstrated that supplementation can improve 
serum level of PTH and related electrolytes and its correc-
tion in in PD patients(80-86). 

Mortality risk and vitamin D in CKD
Outcome of advanced CKD patients is catastrophic and 
is much worse than the general population (86-88). Pilz 
et al showed that, when serum level 25(OH)D is higher 
in CKD patients, survival of these patients is better, and 
this result in study demonstrated no difference between 
patients with dialysis or without it. Supplementation of 
one form of vitamin D that is vitamin D3 can improve and 
reduce mortality risk in older persons. However, in other 
studies supplementation of other forms of this vitamin for 
example vitamin D2, calcitriol has shown no effect on re-
duction in mortality risk (85-88). 

Conclusion 
Hypovitaminosis D has high prevalence among many 
countries. This vitamin can affect on functional of some 
organ like renal and cardiovascular system and even has 
effect on mortality rate of some patients like ESRD pa-
tients. While, deficiency of this vitamin, is very more 
common than its hypervitaminosis, more researches need 
to be carried out for determining exact needed supple-
ment dosage for inhibition of vitamin D deficiency.

Authors’ contribution 
MAN, SS and ZBM, searched the articles and gathered the 
data, SAH, HK and FH, prepared the primary draft. FH pre-
pared the final manuscript. All authors read and signed the final 
manuscript.

Conflicts of interest
The authors declared no competing interests.

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

Funding/Support 
None.

References
1. Holick MF. High prevalence of vitamin D inadequacy and 

implications for health. Mayo Clin Proc. 2006;81:353-73.
2. Calvo MS, Whiting SJ, Barton CN. Vitamin D intake: a 

global perspective of current status. J Nutr. 2005;135:310-6.

3. Hollis BW. Assessment of vitamin D nutritional and 
hormonal status: what to measure and how to do it. Calcif 
Tissue Int. 1996;58:4-5.

4. Holick MF. Sunlight and vitamin D for bone health 
and prevention of autoimmune diseases, cancers, and 
cardiovascular disease. Am J Clin Nutr. 2004;80:1678S-88S.

5. Barger-Lux MJ, Heaney RP. Effects of above average summer 
sun exposure on serum 25-hydroxyvitamin D and calcium 
absorption. J Clin Endocrinol Metab. 2002;87:4952-6.

6. Schoenmakers I, Goldberg GR, Prentice A. Abundant 
sunshine and vitamin D deficiency. Br J Nutr. 2008;99:1171.

7. Holick MF. Vitamin D deficiency. N Engl J Med. 
2007;357:266-81.

8. Gordon CM, DePeter KC, Feldman HA, Grace E, Emans 
SJ. Prevalence of vitamin D deficiency among healthy 
adolescents. Arch Pediatr Adolesc Med. 2004;158:531-7.

9. Forrest KY, Stuhldreher WL. Prevalence and correlates of 
vitamin D deficiency in US adults. Nutr Res. 2011;31:48-54.

10. Dionne JM, Abitbol CL, Flynn JT. Hypertension in infancy: 
diagnosis, management and outcome. Pediatr Nephrol. 
2012;27:17-32.

11. Zittermann A, Schleithoff SS, Koerfer R. Vitamin D and 
vascular calcification. Curr Opin Lipidol. 2007;18:41-6.

12. Koul PA, Ahmad SH, Ahmad F, Jan RA, Shah S, Khan UH. 
Vitamin d toxicity in adults: a case series from an area with 
endemic hypovitaminosis d. Oman Med J. 2011;26:201-4.

13. Joshi R. Hypercalcemia due to hypervitaminosis D: report 
of seven patients. J Trop Pediatr. 2009;55:396-8.

14. Tang J, Chonchol MB. Vitamin D and kidney stone disease. 
Curr Opin Nephrol Hypertens. 2013;22:383-9.

15. Sprague SM, Llach F, Amdahl M, Taccetta C, Batlle D. 
Paricalcitol versus calcitriol in the treatment of secondary 
hyperparathyroidism. Kidney Int. 2003;63:1483-90.

16. Quarles LD, Yohay DA, Carroll BA, Spritzer CE, Minda SA, 
Bartholomay D, et al. Prospective trial of pulse oral versus 
intravenous calcitriol treatment of hyperparathyroidism in 
ESRD. Kidney Int. 1994;45:1710-21.

17. Coburn JW, Maung HM, Elangovan L, Germain MJ, 
Lindberg JS, Sprague SM, et al. Doxercalciferol safely 
suppresses PTH levels in patients with secondary 
hyperparathyroidism associated with chronic kidney 
disease stages 3 and 4. Am J Kidney Dis. 2004;43:877-90.

18. Isakova T, Gutierrez O, Shah A, Castaldo L, Holmes J, Lee 
H, et al. Postprandial mineral metabolism and secondary 
hyperparathyroidism in early CKD. J Am Soc Nephrol. 
2008;19:615-23.

19. Merlino LA, Curtis J, Mikuls TR, Cerhan JR, Criswell LA, 
Saag KG. Vitamin D intake is inversely associated with 
rheumatoid arthritis: results from the Iowa Women’s Health 
Study. Arthritis Rheum. 2004;50:72-7.

20. Cutolo M, Otsa K, Uprus M, Paolino S, Seriolo B. Vitamin 
D in rheumatoid arthritis. Autoimmun Rev. 2007;7:59-64.

21. Wilkins CH, Sheline YI, Roe CM, Birge SJ, Morris JC. 
Vitamin D deficiency is associated with low mood and 
worse cognitive performance in older adults. Am J Geriatr 
Psychiatry. 2006;14:1032-40.

22. Murphy PK, Wagner CL. Vitamin D and mood disorders 
among women: an integrative review. J Midwifery Womens 
Health. 2008;53:440-6.

23. Hyppönen E, Läärä E, Reunanen A, Järvelin M-R, Virtanen 
SM. Intake of vitamin D and risk of type 1 diabetes: a birth-
cohort study. Lancet. 2001;358:1500-3.

24. Zipitis CS, Akobeng AK. Vitamin D supplementation in 



Vitamin D and chronic kidney disease 

Journal of Parathyroid Disease, Volume 4, Issue 1, March 2016 29

early childhood and risk of type 1 diabetes: a systematic 
review and meta-analysis. Arch Dis Child. 2008;93:512-7.

25. Garland CF, Gorham ED, Mohr SB, Grant WB, Giovannucci 
EL, Lipkin M, et al. Vitamin D and prevention of breast 
cancer: pooled analysis. J Steroid Biochem Mol Biol. 
2007;103:708-11.

26. Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark 
H, Mohr SB, et al. The role of vitamin D in cancer 
prevention. Am J public health. 2006;96:252-61.

27. Gorham ED, Garland CF, Garland FC, Grant WB, Mohr 
SB, Lipkin M, et al. Vitamin D and prevention of colorectal 
cancer. J Steroid Biochem Mol Biol. 2005;97:179-94.

28. Lappe JM, Travers-Gustafson D, Davies KM, Recker RR, 
Heaney RP. Vitamin D and calcium supplementation 
reduces cancer risk: results of a randomized trial.   Am J 
Clin Nutr. 2007;85:1586-91.

29. Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy 
M. Vitamin D deficiency in children and its management: 
review of current knowledge and recommendations. 
Pediatrics. 2008;122:398-417.

30. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, 
Hanley DA, Heaney RP, et al. Guidelines for preventing and 
treating vitamin D deficiency and insufficiency revisited. J 
Clin Endocrinol Metab. 2012;97:1153-8.

31. Hollis BW. Circulating 25-hydroxyvitamin D levels 
indicative of vitamin D sufficiency: implications for 
establishing a new effective dietary intake recommendation 
for vitamin D. J Nutr. 2005;135:317-22.

32. Witham MD, Nadir MA, Struthers AD. Effect of vitamin D 
on blood pressure: a systematic review and meta-analysis. J 
Hypertens. 2009;27:1948-54.

33. Lind L, Hänni A, Lithell H, Hvarfner A, Sürensen O, 
Ljunghall S. Vitamin D is related to blood pressure and 
other cardiovascular risk factors in middle-aged men. Am J 
Hypertens. 1995;8:894-901.

34. Forman JP, Scott JB, Ng K, Drake BF, Suarez EG, Hayden 
DL, et al. Effect of vitamin D supplementation on blood 
pressure in blacks. Hypertension. 2013;61:779-85.

35. Snijder M, Lips P, Seidell J, Visser M, Deeg D, Dekker J, 
et al. Vitamin D status and parathyroid hormone levels 
in relation to blood pressure: a population‐based study in 
older men and women. J Intern Med. 2007;261:558-65.

36. Pfeifer M, Begerow B, Minne HW, Nachtigall D, Hansen 
C. Effects of a short-term vitamin D3 and calcium 
supplementation on blood pressure and parathyroid 
hormone levels in elderly women J Clin Endocrinol Metab.  
2001;86:1633-7.

37. Judd SE, Nanes MS, Ziegler TR, Wilson PW, Tangpricha 
V. Optimal vitamin D status attenuates the age-associated 
increase in systolic blood pressure in white Americans: 
results from the third National Health and Nutrition 
Examination Survey. Am J Clin Nutr. 2008;87:136-41.

38. Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, 
Wellnitz B, et al. Independent association of low serum 
25-hydroxyvitamin D and 1, 25-dihydroxyvitamin D levels 
with all-cause and cardiovascular mortality. Arch Intern 
Med. 2008;168:1340-9.

39. Zittermann A. Vitamin D and disease prevention with 
special reference to cardiovascular disease. Prog Biophys 
Mol Biol. 2006;92:39-48.

40. Kovesdy CP, Ahmadzadeh S, Anderson JE, Kalantar-
Zadeh K. Association of activated vitamin D treatment 
and mortality in chronic kidney disease. Arch Intern Med. 

2008;168:397-403.
41. Gonzalez-Parra E, Rojas-Rivera J, Tuñón J, Praga M, Ortiz 

A, Egido J. Vitamin D receptor activation and cardiovascular 
disease. Nephrol Dial Transplant. 2012;27:iv17-iv21.

42. Razzaque MS. The dualistic role of vitamin D in vascular 
calcifications. Kidney Int. 2011;79:708-14.

43. Sugiura S, Inaguma D, Kitagawa A, Murata M, Kamimura 
Y, Sendo S, et al. Administration of alfacalcidol for 
patients with predialysis chronic kidney disease may 
reduce cardiovascular disease events. Clin Exp Nephrol. 
2010;14:43-50.

44. Grant WB, Peiris AN. Possible role of serum 
25-hydroxyvitamin D in Black–White health disparities in 
the United States. J Am Med Dir Assoc. 2010;11:617-28.

45. Pittas AG, Dawson-Hughes B, Li T, Van Dam RM, Willett 
WC, Manson JE, et al. Vitamin D and calcium intake 
in relation to type 2 diabetes in women. Diabetes Care. 
2006;29:650-6.

46. Mattila C, Knekt P, Männistö S, Rissanen H, Laaksonen 
MA, Montonen J, et al. Serum 25-hydroxyvitamin D 
concentration and subsequent risk of type 2 diabetes. 
Diabetes Care. 2007;30:2569-70.

47. Brock K, Huang W-Y, Fraser D, Ke L, Tseng M, Stolzenberg-
Solomon R, et al. Low vitamin D status is associated with 
physical inactivity, obesity and low vitamin D intake in a 
large US sample of healthy middle-aged men and women. J 
Steroid Biochem Mol Biol. 2010;121:462-6.

48. Martini LA, Wood RJ. Vitamin D status and the metabolic 
syndrome. Nutr Rev. 2006;64:479-86.

49. Lu L, Yu Z, Pan A, Hu FB, Franco OH, Li H, et al. Plasma 
25-hydroxyvitamin D concentration and metabolic 
syndrome among middle-aged and elderly Chinese 
individuals. Diabetes Care. 2009;32:1278-83.

50. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. 
Distribution of the vitamin D receptor and 1α-hydroxylase 
in human brain. J Chem Neuroanat. 2005;29:21-30.

51. McGrath JJ, Féron FP, Burne TH, Mackay-Sim A, Eyles DW. 
Vitamin D 3—implications for brain development. J Steroid 
Biochem Mol Biol. 2004;89:557-60.

52. Quarles LD. Role of FGF23 in vitamin D and phosphate 
metabolism: implications in chronic kidney disease. Exp 
Cell Res. 2012;318:1040-8.

53. Liu S, Quarles LD. How fibroblast growth factor 23 works. J 
Am Soc Nephrol. 2007;18:1637-47.

54. Gutierrez O, Isakova T, Rhee E, Shah A, Holmes J, 
Collerone G, et al. Fibroblast growth factor-23 mitigates 
hyperphosphatemia but accentuates calcitriol deficiency in 
chronic kidney disease. J Am Soc Nephrol. 2005;16:2205-
15.

55. Shigematsu T, Kazama JJ, Yamashita T, Fukumoto S, 
Hosoya T, Gejyo F, et al. Possible involvement of circulating 
fibroblast growth factor 23 in the development of secondary 
hyperparathyroidism associated with renal insufficiency. 
Am J Kidney Dis. 2004;44:250-6.

56. Levin A, Bakris G, Molitch M, Smulders M, Tian J, Williams 
L, et al. Prevalence of abnormal serum vitamin D, PTH, 
calcium, and phosphorus in patients with chronic kidney 
disease: results of the study to evaluate early kidney disease. 
Kidney Int. 2007;71:31-8.

57. González EA, Sachdeva A, Oliver DA, Martin KJ. Vitamin 
D insufficiency and deficiency in chronic kidney disease. 
Am J Nephrol. 2004;24:503-10.

58. Llach F. Secondary hyperparathyroidism in renal failure: 



Hayati F et al

Journal of Parathyroid Disease, Volume 4, Issue 1, March 201630

the trade-off hypothesis revisited. Am J Kidney Dis. 
1995;25:663-79.

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

60. Covic A, Kothawala P, Bernal M, Robbins S, Chalian A, 
Goldsmith D. Systematic review of the evidence underlying 
the association between mineral metabolism disturbances 
and risk of all-cause mortality, cardiovascular mortality and 
cardiovascular events in chronic kidney disease. Nephrol 
Dial Transplant. 2009;24:1506-23.

61. Bauer C, Melamed ML, Hostetter TH. Staging of chronic 
kidney disease: time for a course correction. J Am Soc 
Nephrol. 2008;19:844-6.

62. Locatelli F, Villa G, de Francisco AL, Albertazzi A, Adrogue 
HJ, Dougherty FC, et al. Effect of a continuous erythropoietin 
receptor activator (CERA) on stable haemoglobin in patients 
with CKD on dialysis: once monthly administration. Curr 
Med Res Opin. 2007;23(5):969-79.

63. Artunc F, Risler T. Serum erythropoietin concentrations and 
responses to anaemia in patients with or without chronic 
kidney disease. Nephrol Dial Transplant. 2007;22(10):2900-
8.

64. Segura J, Campo C, Gil P, Roldán C, Vigil L, Rodicio JL, et al. 
Development of chronic kidney disease and cardiovascular 
prognosis in essential hypertensive patients. J Am Soc 
Nephrol. 2004;15:1616-22.

65. Agodoa L. United States renal data system (USRDS). 
Nefrologia. 2000;20:13-6.

66. Rahman M, Smith MC. Chronic renal insufficiency: a 
diagnostic and therapeutic approach. Arch Intern Med. 
1998;158:1743-52.

67. Schiffrin EL, Lipman ML, Mann JF. Chronic kidney 
disease effects on the cardiovascular system. Circulation. 
2007;116:85-97.

68. Vanholder R, Massy Z, Argiles A, Spasovski G, Verbeke 
F, Lameire N, et al. Chronic kidney disease as cause of 
cardiovascular morbidity and mortality. Nephrol Dial 
Transplant. 2005;20(6):1048-56.

69. Shoben AB, Rudser KD, de Boer IH, Young B, Kestenbaum 
B. Association of oral calcitriol with improved survival in 
nondialyzed CKD. J Am Soc Nephrol. 2008;19(8):1613-9.

70. Rianthavorn P, Boonyapapong P. Ergocalciferol decreases 
erythropoietin resistance in children with chronic kidney 
disease stage 5. Pediatr Nephrol. 2013;28(8):1261-6.

71. Beladi Musavi SS, Beladi Musavi M, Hayati F, Talebzadeh M. 
Effect of Intranasal DDAVP in Prevention of Hypotension 
during Hemodialysis. Nefrologia. 2012;32:89-93. 

72. Beladi Mousavi SS, Sametzadeh M, Hayati F, Fatemi 
SM.Evaluation of acquired cystic kidney disease in patients 
on hemodialysis with ultrasonography. IJKD. 2010;4:223-6. 

73. Tamadon MR, Beladi-Mousavi SS. Erythropoietin; a review 
on current knowledge and new concepts. J Ren Inj Prev 
2013;2:119-21. 

74. Feily A, Dormanesh B, Ghorbani AR, Moosavi Z, Kouchak 
M, Kouchak M, et al. Efficacy of topical cromolyn 

sodium 4% on pruritus in uremic nephrogenic patients: a 
randomized double-blind study in 60 patients. Int J Clin 
Pharmacol Ther. 2012;50:510-3. 

75. Beladi Mousavi SS, Soleimani A, Beladi Mousavi M. 
Epidemiology of end-stage renal disease in iran: a review 
Article. Saudi J Kidney Dis Transpl.  2014;25:697-702.

76. Ghaderian SB, Beladi-Mousavi SS. The role of diabetes and 
hypertension in chronic kidney disease. J Renal Inj Prev 
2014;3:109-10. 

77. Beladi Mousavi SS, Beladi Mousavi M, Motemednia F. 
Baclofen-induced encephalopathy in patient with end 
stage renal disease: Two case reports. Indian J Nephrol. 
2012;22:210-2. 

78. Ghaderian SB, Hayati F, Shayanpour S, Beladi-Mousavi SS. 
Diabetes and end-stage renal disease; a review article on 
new concepts. J Renal Inj Prev 2015;4:28-32.

79. Beladi-Mousavi SS, Motemednia F,Beladi Mousav M. 
Epidemiology of hepatitis e virus infection in patients 
on chronic hemodialysis. Jundishapur J Microbiol. 2014; 
7:e6993.

80. Schmitt CP, Mehls O. Mineral and bone disorders in 
children with chronic kidney disease. Nat Rev Nephrol. 
2011;7:624-34.

81. Farr JN, Tomás R, Chen Z, Lisse JR, Lohman TG, Going SB. 
Lower trabecular volumetric BMD at metaphyseal regions 
of weight-bearing bones is associated with prior fracture in 
young girls. J Bone Miner Res. 2011;26:380-7.

82. Buttigliero C, Monagheddu C, Petroni P, Saini A, Dogliotti 
L, Ciccone G, et al. Prognostic role of vitamin d status and 
efficacy of vitamin D supplementation in cancer patients: a 
systematic review. Oncologist. 2011;16:1215-27.

83. Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, Wetterslev 
J, Simonetti RG, et al. Vitamin D supplementation for 
prevention of mortality in adults. Cochrane Database Syst 
Rev. 2014:CD007470.

84. González-Molero I, Rojo G, Morcillo S, Pérez-Valero V, 
Rubio-Martín E, Gutierrez-Repiso C, et al. [Relationship 
between vitamin D deficiency and metabolic syndrome]. 
Med Clin (Barc). 2014;142:473-7.

85. Kandula P, Dobre M, Schold JD, Schreiber MJ, Mehrotra 
R, Navaneethan SD. Vitamin D supplementation in chronic 
kidney disease: a systematic review and meta-analysis of 
observational studies and randomized controlled trials. 
Clin J Am Soc Nephrol.  2011;6:50-62.

86. Beladi Mousavi SS, Alemzadeh Ansari MJ, Alemzadeh 
Ansari MH, Beladi Mousavi M. Long-term Survival of 
Patients With End-stage Renal Disease on Maintenance 
Hemodialysis A Multicenter Study in Iran. Iran J Kidney 
Dis. 2012;6:452-6.

87. Beladi Mousavi SS, Hayati F, Alemzadeh Ansari MJ, Valavi 
E, Cheraghian B, Shahbazian H, et al. Survival at 1, 3, and 5 
years in diabetic and nondiabetic patients on hemodialysis. 
Iran J Kidney Dis. 2010;4:74-7.

88. Pilz S, Iodice S, Zittermann A, Grant WB, Gandini S. 
Vitamin D status and mortality risk in CKD: a meta-analysis 
of prospective studies. Am J Kidney Dis. 2011;58:374-82.


