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Background: Chronic kidney disease (CKD) is characterized by a progressive loss of renal function
that often leads to end-stage renal disease (ESRD), high risk for cardiovascular disease, and high
mortality [1,2]. CKD is a growing global health problem due to increased prevalence worldwide. In
the United States, the prevalence of CKD was estimated to be 11% based on data from the Third
National Health and Nutrition Examination Survey (NHANES III).
Methods: The case control study was carried out in the Departments of Biochemistry and Medicine
of Heritage institute of Medical Sciences Varanasi. Duration of this study was six month.
Results: Twenty five patients each of hypovitaminosis & have chronic kidney disease in age group
31-60 years were included as cases. The prevalence of vitamin D status was low in control group as
well as case group.
Conclusion: Treatment with active vitamin D or its analogues shows Reno protective effects by
preventing fibrosis, apoptosis, and inflammation in various experimental models. Furthermore,
vitamin D deficiency or insufficiency is a common condition in pre-dialysis or dialysis patients with
CKD, and serum levels of vitamin D appear to be inversely correlated with kidney function.
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INTRODUCTION_____________________
Chronic kidney disease (CKD) is characterized by a
progressive loss of renal function that often leads to endstage renal disease (ESRD), high risk for cardiovascular
disease, and high mortality.[1,2] CKD is a growing global
health problem due to increased prevalence worldwide. In
the United States, the prevalence of CKD was estimated to
be 11% based on data from the Third National Health and
Nutrition Examination Survey (NHANES III).[3] In Korea, the
prevalence of CKD stage 3 to 5 was 7.7% in 2007 based on
data from the Korean National Health and Nutrition
Examination Survey.[4] Under current guidelines, the
therapeutic strategies for patients with CKD include
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aggressive blood pressure control, and medications such as
angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, and statins. However, despite these
treatment options, individuals with CKD still have high rates
of morbidity and mortality.[5] Over the years, studies have
improved the understanding of the biological and clinical
consequences of the interaction between disordered vitamin
D metabolism and CKD. Vitamin D (e.g., 25-hydroxyvitamin
D [25(OH)D3] and 1,25-dihydroxyvitamin D [1,25(OH)2D3])
deficiencies are now becoming a global epidemic problem in
both the general population and patients with CKD.[6,7]
Several observational studies have demonstrated an

Access this article online
Quick Response code

How to cite this article: Yasmin T and Siddiqui MSI. Prevalence of Vitamin
D & Renal Dysfunction in Metabolic Syndrome. Int Arch BioMed Clin Res.
2018;4(2):179-183.
Source of Support: Nil, Conflict of Interest: None

DOI: 10.21276/iabcr.2018.4.2.51

International Archives of BioMedical and Clinical Research

[179]

April – June 2018 | Vol 4| Issue 2

www.iabcr.org

Yasmin T and Siddiqui MSI: Vitamin D & Renal Dysfunction in Metabolic Syndrome

important link between vitamin D deficiency, impaired
glomerular filtration rate (GFR), and increased mortality in
patients with CKD.[8-10] Moreover, activated vitamin D
treatment reduces all-cause and cardiovascular mortality
rates in patients with CKD and those undergoing
hemodialysis.[11]
Vitamin D has been recognized for decades as a key player
in the control of bone metabolism through regulating calcium
and phosphate homeostasis.[12] Vitamin D is hydroxylated to
25-hydroxyvitamin D (25(OH)D) in the liver and converted
into its active form, 1,25-dihydroxyvitamin D (1,25(OH)2D),
by the enzyme 1α-hydroxylase.[13] The fact that1αhydroxylase is predominately, although not exclusively,
found in renal tubular epithelial cells has suggested renal
involvement in the process of vitamin D metabolism. Indeed,
the kidney plays a central role in vitamin D metabolism and
in regulating its circulating levels, and thus any form or
severity of renal disease may affect vitamin D metabolism
through reduced 1α-hydroxylase activity, subsequent loss of
renal capacity to generate 1,25(OH)2D and resultant
decreases in serum 1,25(OH)2D, tissue vitamin D receptor
(VDR) content and their actions.[14-16] On the contrary, given
that a number of experimental studies suggest that vitamin D
axis has a Reno protective role,[17-19] prosurvival vitamin D
activity such as inhibiting the renin-angiotensin system
(RAS), attenuating interstitial inflammation and reducing
proteinuria help to maintain kidney health .Thus, impaired
vitamin D metabolism may contribute to the development and
progression of kidney disease. It is known that vitamin Ddeficient individuals with normal renal function have low
serum 25(OH)D levels in spite of normal glomerular filtration
rates (GFRs). These low serum 25(OH)D levels result in
marked reduction of the levels of 25(OH)D filtered and
available for uptake by proximal kidney tubular cells, thereby
compromising the activation of 25(OH)D to 1,25(OH)2D and
the VDR induction of renal megalin for urinary protein
reabsorption.[13-14] These findings may lay the foundation for
pursuing serum vitamin D levels as potential markers of renal
injury. Currently, both serum 25(OH)D and 1,25(OH)2D can
be measured to evaluate vitamin D status. Because the 25hydroxylation of vitamin D is mainly substrate dependent and
25(OH)D has a longer half-life than 1,25(OH)2D, circulating
levels of 25(OH)D are used to determine vitamin D status and
the biological effects of vitamin D in clinical practice.[20] Some
epidemiological studies have placed emphasis on monitoring
serum 25(OH)D levels, because serum 25(OH)D has been
thought to correlate well with clinical parameters including
bone mineral density and immune system function. However,
some data have shown no definite association between
serum 25(OH)D and kidney function after adjustment for
confounders.[21] Rather, the level of 1,25(OH)2D has been
reported to decline even in the early stage of chronic kidney
disease (CKD), and this finding indicates that serum
1,25(OH)2D levels are closely associated with renal
dysfunction.[22]

METHODS__________________________
Study population:- Twenty five patients each of
hypovitaminosis & have chronic kidney disease in age group
31-60 years were included as cases.
Study Area:- The case control study was carried out in the
Departments of Biochemistry and Medicine of Heritage
institute of Medical Sciences Varanasi.
Study duration:- Duration of this study was six month.
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Sampling technique & Data collection: - 10 ml of fasting
venous blood was collected for measurement of 25hydroxyvitamin D (25(OH) D, intact parathyroid hormone
(iPTH) and other routine blood tests. Urine was collected for
urine dipstick, microscopy and urine protein creatinine index.
Inclusion Criteria:- The Inclusion criteria for groups were
based detailed clinical history and examination. We included
CKD stages 2-4 and aged 18 to 65 years old. Twenty Five
healthy age matched people were recruited for the study as
controls. Controls consisted of healthy volunteers without
any prior history of medical disorders. Fasting sample was
taken for the controls also.
Exclusion Criteria:- Exclusion criteria for this study include:
acute renal failure, end stage renal disease, chronic liver
disease, malabsorption syndromes, granulomatous disease
and patients who were on medications known to affect
vitamin D absorption or metabolism such as anticonvulsants,
isoniazid, rifampicin, theophylline, glucocorticoids, calcium
and vitamin D supplements.
Data Analysis:- Data were analyzed by using Microsoft
excel & SPSS.

RESULTS___________________________
In our study, two groups one control and another one case
group were included. Both groups had twenty five patients.
Among the twenty five , 76% female and 24% male in control
group as well as in case group 56% male and 44% female.
In the control group 44% patient belong to 50-60 age group
followed by 32% (40-50) & 24% (31-40).But in case study
group 50-60 age group patients were slightly higher than
control group. The prevalence of vitamin D status was low in
control group as well as case group.

Table 1. Gender-wise distribution
Gender

Control

Case

Male

6(24%)

14(56%)

Female

19(76%)

11(44%)

TOTAL

25(100%)

25(100%)

30
25
20
Control

15

Case
10
5
0
Male

Female

Total

Fig:-1 Distribution of patients according to gender in both
group

DISCUSSION________________________
In our study, every patient has hypovitaminosis D in both
groups. In our study, two groups one control and another one
case group were included. Both groups had twenty-five
patients. Among the twenty-five, 76% female and 24% male
in control group as well as in case group 56% male and 44%
female. In the control group 44% patient belong to 50-60 age
group followed by 32% (40-50) & 24% (31-40). But in case
study group 50-60 age group patients were slightly higher
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than control group. In the present study, 48% vitamin D
insufficiency and 52% vitamin D deficiency were found as
contrast to 60 % with vitamin D insufficiency and 40 % with
vitamin D deficiency found in the CKD group.

Table 2:- Age wise distribution
Age

Control

Case

31-40

6(24%)

4(16%)

40-50

8(32%)

9(36%)

50-60

11(44%)

12(48%)

Total

25(100%)

25(100%)

30
25
20
Control

15

Case
10
5
0
30-40

40-50

50-60

Total

Fig:-2 Distribution of patients according to age in both group
Table 3:- Age wise distribution
Parameters

Control

Case

BMI (KG/M2)

23.2±3.2

27±5.2

57.0(20.3)

161.5 (68.8)

100.8(30.4)

45(24.5)

125±9

135±17

70.5±7

76.7±10

15.4±4.3

16±1.2

Serum Creatinine
(µmol/L)
eGFR
(mL/min/1.73m2)
Systolic blood
pressure (mmHg)
diastolic blood
pressure (mmHg)
Vitamin D level (ng/ml)

Table 4:- Vitamin D status in Control and case group
Vitamin D

Control group

Insufficiency

12 (48%)

Deficiency

13(52%)

Case group
15(60%)
10 (40%)

30
25
20

Case

15

Control

10
5
0

Insufficiency

Deficiency

Fig:-3 Distribution of patients according to hypovitaminosis in
both group
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The incidence of hypovitaminosis D has been constantly and
unpredictably high in mostly all populations calculated
worldwide and transversely the age spectrum. In the
previous studies in primary school children aged 7-12 years
old (n = 402) founded the incidence of hypovitaminosis D(<
30 ng/ml) to be 73%.[23]
Whereas, in another studies found that in the women aftermenopausal aged 50 to 65 years the level of 25(OH) D to be
expressively lower in the postmenopausal Malay women
compared to Chinese women (p < 0.05).[24]
Though the vitamin D level in true serum that showed
hypovitaminosis D remains objectionable. Mostly studies
used a serum 25(OH) D level of less than 30 ng/Ml to express
hypovitaminosis D. However, a current United States
guideline on dietary requirements for calcium and vitamin D
suggested a serum 25(OH) D levels of at least 20 ng/mL
should be considered as an adequate vitamin D level which
meets the requirements of at least 97.5 % of the
population.[25]
Hypovitaminosis D has been shown to be related with
increased risk of cardiovascular disease and its risk factors
such as obesity, hypertension and diabetes.[26]
Though at present the exact mechanism between increased
risk is not clear with some studies told less than 20 mg/mL
and also varies with different races.[27]
As to what the optimal level we required to target to discuss
aids is not clear although levels > 37 mg/mL has been
recommended by one study.[26]
Subsequently the incidence of hypovitaminosis D in both of
our groups was high, it raised the question of what were the
common similar factors in both groups. What could be the
trigger factors? Could it be genetic? Could it be dietary? The
two main determinants of vitamin D levels are sunlight
exposure and dietary intake.
In spite of this method is prone to recall bias and may not
signify an individual‘s general dietary intake and habits. The
Sunlight exposure between studies is also non-consistent
and often there is no objective measurement of sun
exposure.[28]
The validated measures of sun exposure have only been
published very recently.[29]
Hypovitaminosis D of both normal and CKD subjects due to
the lack of sun exposure is undeniably important as Malaysia
is a tropical country with a hot and humid climate.
Surprisingly, many other countries with a lot of sun exposure
such as in the Middle East also showed a similar prevalence
of hypovitaminosis D.[30]
In Muslim countries women may be fully covered excluding
for the hands and face thus falling their exposure to sunlight.
This finding has been supported by studies in European
countries where the incidence of hypovitaminosis D is high in
immigrants who are covered and veiled.[31]
In our study also consists of predominantly Muslim women
(76 % in control group and 42 % in CKD group) who had
similar clothes as their counterparts worldwide, this is play a
major role in contributing to the decrease serum vitamin D
levels from sun exposure.
South Asian women had significantly higher serum PTH and
lower serum 25(OH)D concentrations than Caucasian
women in the UK. However, this was not associated with
higher levels of markers of bone resumption or reduced bone
quality in the South Asian women.[31]
In the present study, female gender and diabetes mellitus
were found to be independently related with lower levels of
[181]
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25(OH)D. Female gender was originate to have an inverse
association with serum 25(OH)D levels in earlier study.[32]
This might explain the high incidence of hypovitaminosis D in
our population whereas in diabetes, there is developing data
showed Vitamin D deficiency to be a associated factor for the
growth of both type 1 and 2 diabetes. The β cells of pancreas
not only secrets insulin but also contains vitamin D receptor
(VDRs) as well as 1-α hydroxylase enzymes. It has been
proven that treatment with vitamin D improves glucose
tolerance and insulin resistance.[33]
Obesity and BMI have also been concerned with
hypovitaminosis D. Obesity decreases the availability of
vitamin D due to sequestration of vitamin D in body fat.[34]
These findings highlight the need for suitable interferences
to address the problem of obesity in our younger population
to reduce the risk of the metabolic syndrome later in life. In
our study, the control group was found to be overweight
whereas in the CKD group were noted to be obese. In CKD,
the loss of the renal1α- hydroxylase is largely responsible for
the hypovitaminosis D. Several epidemiologic studies have
reported patients with CKD stages 3 to 5 to have lower
25(OH) D concentrations than the general population.[35]
These in keeping with our findings, the documentation of
extra renal 1α-hydroxylase suggests that 25(OH)D status is
an significant consideration in patients with CKD.[36]
Preferably, the serum levels of 1,25 (OH)2D3 which is the
physically active form of Vitamin D should be measured.
Though, low levels of the 25(OH)D itself may contribute to
reduced levels of 1,25(OH)2D3 production, particularly in
CKD patients with nephrotic range proteinuria.
There is an association between lower serum 25(OH)D
levels and poorer kidney function, higher BMI and higher
albuminuria, lower serum calcium and higher serum
phosphorus, intact parathyroid hormone (iPTH) and alkaline
phosphatase (ALP). Nutritional factors associated with
higher 25(OH)D levels were stable weight, higher albumin
and HDL cholesterol.[37]
In our CKD group, the albumin in serum levels, haemoglobin,
calcium and high-density lipoprotein cholesterol (HDL)
reduced consistently with advancing CKD stage. While,
levels of serum phosphorus, ALP and iPTH design
significantly. Once eGFR drops to less than 30
ml/min/1.73m2 (CKD stage 4), the 1α-hydroxylase activity
develops reduced.
This in turn will cause an important decrease in intestinal
calcium absorption leading to a reduction serum calcium in
circulation. As a result, secondary hyperparathyroidism
develops which results into osteopenia, osteoporosis and
increasing fracture risk. Parathyroid hormone also causes
increased phosphaturia, resulting in low-normal serum
phosphorus. Without an adequate calcium phosphorus
product, mineralization of the collagen matrix is diminished
hence aggravating the renal bone disease in CKD. In view of
such a high prevalence of hypovitaminosis D in CKD and its
possible complications, we have proceeded with a further
study to see the effects of vitamin D replacement in this group
of patient.

healthy population remains debatable. Thus, a larger study
with longer follow up is required.

REFERENCES_______________________
1.
2.
3.

4.

5.
6.
7.
8.
9.
10.
11.
12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.

23.

24.
25.

26.

CONCLUSION_______________________

27.

This study concludes that, there is so many proof to treat
patients with hypovitaminosis D and chronic kidney disease.
Though, the role of vitamin D replacement in the general
International Archives of BioMedical and Clinical Research

28.

[182]

Tonelli M, Wiebe N, Culleton B, et al. Chronic kidney disease and
mortality risk: a systematic review. J Am Soc Nephrol 2006;17:20342047.
National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification. Am J
Kidney Dis 2002;39(2 Suppl 1):S1-S266.
Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of
chronic kidney disease and decreased kidney function in the adult US
population: Third National Health and Nutrition Examination Survey. Am
J Kidney Dis 2003;41:1-12.
Shin SY, Kwon MJ, Park H, Woo HY. Comparison of chronic kidney
disease prevalence examined by the chronic kidney disease
epidemiology collaboration equation with that by the modification of diet
in renal disease equation in Korean adult population. J Clin Lab Anal 2014
Feb 27 [Epub]. http://dx.doi.org/10.1002/ jcla.21688.
Ruilope LM. Renal function and cardiovascular risk in hypertensive
patients. J Hypertens 2005;23:1787-1788.
Holick MF. Vitamin D def iciency. N Engl J Med 2007;357:266-281.
LaClair RE, Hellman RN, Karp SL, et al. Prevalence of calcidiol deficiency
in CKD: a cross-sectional study across latitudes in the United States. Am
J Kidney Dis 2005;45:1026-1033.
Urena-Torres P, Metzger M, Haymann JP, et al. Association of kidney
function, vitamin D deficiency, and circulating markers of mineral and
bone disorders in CKD. Am J Kidney Dis 2011;58:544-553.
Mehrotra R, Kermah DA, Salusky IB, et al. Chronic kidney disease,
hypovitaminosis D, and mortality in the United States. Kidney Int
2009;76:977-983.
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;58:374-382.
Zheng Z, Shi H, Jia J, Li D, Lin S. Vitamin D supplementation and
mortality risk in chronic kidney disease: a meta-analysis of 20
observational studies. BMC Nephrol 2013;14:199.
Doorenbos CR, van den Born J, Navis G, de Borst MH. Possible
renoprotection by vitamin D in chronic renal disease: beyond mineral
metabolism. Nat Rev Nephrol. 2009; 5: 691-700.
Jones G. Expanding role for vitamin D in chronic kidney disease:
importance of blood 25-OH-D levels and extra-renal 1alpha-hydroxylase
in the classical and nonclassical actions of 1alpha,25-dihydroxyvitamin
D(3). Semin Dial. 2007; 20: 316-24.
Dusso AS, Tokumoto M. Defective renal maintenance of the vitamin D
endocrine system impairs vitamin D renoprotection: a downward spiral in
kidney disease. Kidney Int. 2011; 79: 715-29.
Wang XX, Jiang T, Shen Y, Caldas Y, Miyazaki-Anzai S, Santamaria H,
et al. Diabetic nephropathy is accelerated by farnesoid X receptor
deficiency and inhibited by farnesoid X receptor activation in a type 1
diabetes model. Diabetes. 2010; 59: 2916-27.
Andress DL. Vitamin D in chronic kidney disease: a systemic role for
selective vitamin D receptor activation. Kidney Int. 2006; 69: 33-43.
Ma J, Zhang B, Liu S, Xie S, Yang Y, Ma J, et al. 1,25-dihydroxyvitamin
D(3) inhibits podocyte uPAR expression and reduces proteinuria. PLoS
One. 2013; 8: e64912.
Zhang Z, Sun L, Wang Y, Ning G, Minto AW, Kong J, et al.
Renoprotective role of the vitamin D receptor in diabetic nephropathy.
Kidney Int. 2008; 73: 163-71.
Zou MS, Yu J, Nie GM, He WS, Luo LM, Xu HT. 1, 25-dihydroxyvitamin
D3 decreases adriamycin-induced podocyte apoptosis and loss. Int J
Med Sci. 2010; 7: 290-9.
Holick MF. Vitamin D deficiency. N Engl J Med. 2007; 357: 266-81.
LaClair RE, Hellman RN, Karp SL, Kraus M, Ofner S, Li Q, et al.
Prevalence of calcidiol deficiency in CKD: a cross-sectional study across
latitudes in the United States. Am J Kidney Dis. 2005; 45: 1026-33.
Levin A, Bakris GL, Molitch M, Smulders M, Tian J, Williams LA, 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.
Khor GL, Winnie Chee SS, Zalilah MS, Poh BK, Mohan A, Jamalludin AR
et al. High prevalence of vitamin D insufficiency and its association with
BMI-for-age among primary school children in Kuala Lumpur, Malaysia.
BMC Publ Health 2011;11:95.
Rahman SA, Chee WSS, Yassin Z, Chan SP. Vitamin D status among
postmenopausal Malaysian women. Asia Pac J Clin Nutr 2004;13:25560.
Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK et
al. The 2011 report on dietary reference intakes for calcium and vitamin
D from the Institute of Medicine: what clinicians need to know. J Clin
Endocrinol Metab 2011;96:53-8.
Martins D, Wolf M, Pan D, Zadshir A, Tareen N, Thadhani R et al.
Prevalence of cardiovascular risk factors and the serum levels of 25hydroxyvitamin D in the United States: data from the Third National
Health and Nutrition Examination Survey. Arch Intern Med
2007;167:1159-65.
Holick MF. Sunlight and vitamin D for bone health and prevention of
autoimmune diseases, cancers, and cardiovascular disease. Am J Clin
Nutr 2004;80(6 Suppl): 1678S-88S.
Levin A, Bakris GL, Molitch M, Smulders M, Tian J, Williams LA 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.

April – June 2018 | Vol 4| Issue 2

www.iabcr.org

Yasmin T and Siddiqui MSI: Vitamin D & Renal Dysfunction in Metabolic Syndrome

29. Saliba W, Rennert HS, Kershenbaum A, Rennert G. Serum 25(OH)D
concentrations in sunny Israel. Osteoporos Int 2012;23: 687-94.
30. Sedrani SH. Low 25-hydroxyvitamin D and normal serum calcium
concentrations in Saudi Arabia: Riyadh region. Ann Nutr Metab
1984;28:181-5.
31. Lowe NM, Mitra SR, Foster PC, Bhojani I, McCann JF. Vitamin D status
and markers of bone turnover in Caucasian and South Asian
postmenopausal women living in the UK. Br J Nutr 2010;103:1706-10.
32. Mehrotra R, Kermah D, Budoff M, Salusky IB, Mao SS, Gao YL et al.
Hypovitaminosis D in chronic kidney disease. Clin J Am Soc Nephrol
2008;3:1144-51.

International Archives of BioMedical and Clinical Research

33. Martin T, Campbell RK. Vitamin D and diabetes. Diabetes Spectrum
2011;24:113-8.
34. Holick MF. Vitamin D deficiency. N Engl J Med 2007;357:266-81.
35. González EA, Sachdeva A, Oliver DA, Martin KJ. Vitamin D insufficiency
and deficiency in chronic kidney disease. A single center observational
study. Am J Nephrol 2004;24:503-10.
36. Gal-Moscovici A, Sprague SM. Role of vitamin D deficiency in chronic
kidney disease. J Bone Miner Res 2007;22(Suppl2):V91-4.
37. Holden RM, Morton AR, Garland JS, Pavlov A, Day AG, Booth SL.
Vitamins K and D status in stages 3-5 chronic kidney disease. Clin J Am
Soc Nephrol 2010;5:590-7.

[183]

April – June 2018 | Vol 4| Issue 2

