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A B S T R A C T

Vitamin D insufficiency is prevalent in human populations and specifically, it affects the Chronic Kidney
Disease (CKD) population due to the effects of Vitamin D on calcium homeostasis and bone health.
Moreover, the association of Vitamin D deficiency with proteinuria is responsible for a major risk for
End-Stage CKD patients. This work aimed to find a correlation (or relationship) between Vitamin D and
CKD stages. The study included 70 Patients attending the Department of Medicine, GGSMCH Faridkot
who was diagnosed with CKD. The population with Glomerular Filtration Rate (GFR) < 60 ml/min/1.73m2

were observed in the present study. They were classified into several stages as per the criteria of CKD. The
patients who were already on Vitamin D supplementation were excluded from this study. Accordingly, the
routine investigations were performed on the considered group of patients. The Vitamin D levels of all
the considered patients were estimated by ACCESS 2 Chemiluminescence. Patients with Vitamin D levels
10-30ng/ml and <10ng/ml were considered as insufficient and deficient, respectively. The Vitamin D levels
(Mean ± SD) in these patients were found to be lower concerning the severity of the kidney damage (Stage
IIIa=> 37.83 ± 7.13 ng/ml; IIIb=> 28.06 ± 8.52 ng/ml; Stage IV=> 22.51 ± 8.43 ng/ml; and Stage V=>
16.23 ± 6.42 ng/ml) (p < 0.001). The Vitamin D insufficiency prevalence was found as 58.6%, 64.72%,
75.4%, and 87.4% in all four stages. At the same time, the Vitamin D deficiency prevalence was found to
be 1.8%, 2.5%, 11.8% & 12.6% in all four stages. Hence, this study highlights the role of insufficiency and
deficiency in Vitamin D levels showing a significant association with the levels of kidney function in CKD
Patients (specifically, those having advanced stage renal disease).

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

The key function of vitamin D includes the Maintainance
of calcium and phosphorus homeostasis, thereby promoting
bone mineralization. The two forms of Vitamin D
exists, 1) vitamin D2 (ergocalciferol), and 2) vitamin D3
(cholecalciferol).1 In the liver, Vitamin D (also known
as steroid hormone), is hydroxylated to 25 hydroxylated
vitamin D {25(OH)D}, which is the major articulating
metabolite of vitamin D. In the kidney, the 25(OH)D is
tranformed to 1,25-dihydroxy vitamin D [1,25(OH)2D],
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i.e. the active form by a 1-hydroxylase enzyme present
in the kidney. This helps to maintain bone and muscle
health through the regulation of calcium metabolism. Serum
25(OH)D concentrations are measured to clinically assess
the status of vitamin D because it reflects both intakes as
well as endogenous production.2

Vitamin D is associated with bone health, so it is
acknowledged that vitamin D deficiency can lead to rickets
(in children) as well as osteomalacia and osteoporosis (in
adults). In recent years, various studies that vitamin D
exhibits a broad array of metabolic and cell regulatory
functions.3 But, it is clear that the perfect operation of
various organs and tissues all around the body requires
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sufficient levels of vitamin D. Especially, sufficient levels
of vitamin D are very necessary for the Cardiovascular
(CV) system, preventing tumor, proper functioning of the
endocrine system and kidney functioning.4,5 Vitamin D
when binds to Vitamin D Receptor becomes the dominant
player to inhibit cell proliferation (inducing cell apoptosis
and differentiation), regulate immune function, protect
organ function, and safeguard gene functions.6 Vitamin
D deficiency or insufficiency is nowadays a worldwide
problem for children as well as adults.7 Several studies
provide the limit for vitamin D deficiency, i.e., 25(OH)D
level of < 20 ng/ml (50 nmol/l) and vitamin D insufficiency,
i.e., 21 to 29 ng/ml. The optimal concentration of 25(OH)
D should at least be 30 ng/ml8. Various researchers have
found that almost 40 to 100% of the U.S. community
and European elderly community are having low levels of
vitamin D. Also Vitamin D deficiency is more common
in sunniest areas especially in Asian people. Moreover, in
India and the Middle East, where maximum sunlight is
there, 30 to 50% of the population had Vitamin D levels less
than 50 mol/L.

In recent years, Chronic kidney disease (CKD) has
evolved as a prominent disease affecting almost 15% of
the adult population across the globe. This fact has been
supported by the findings of a survey that highlighted the
increase in the prevalence of CKD in the last 20 years.8

People are not much aware of this disease and so they
don’t take it seriously when compared to other diseases
like cardiovascular diseases and diabetes. Most of the
patients are hospitalized only when they enter the last stages,
which results in poor prognosis and huge disease burden.9

Various existing researches also stressed the underlying risk
factors about CKD incidence. Hence, in line with the above
discussions, in the present study, we estimated the role of
the variation in the levels of vitamin D with CKD Stages.

2. Aims and Objectives

1. The key objective of this study was to estimate
Vitamin D levels with the advanced CKD stages.

2. The present study was done to find the association of
hypovitaminosis D with the different stages of CKD.

3. Materials and Methods

The study was performed on 70 CKD Patients attending the
Deptt of Medicine, Guru Gobind Singh Medical College,
and Hospital, Faridkot, Punjab. A detailed medical history
of CKD patients was also taken. The CKD subjects
were divided into six categories according to the Clinical
Practice Guidelines for Chronic Kidney Disease. The
criteria concerning CKD were based on Glomerulation
Filteration Rate calculated by using Creatinine clearance
formula12. The various stages of CKD depending on GFR
are as follows: (I ≥ 90, II : 60 – 89, III-a: 45-59, III-b: 30 –

44, IV: 15 - 29, and V: < 15 –all in ml/min/1.73m2). In this
specific study, we have excluded two stages (I and II) as the
value of GFR was > 60 ml/min/1.73m2. The patients already
on Vitamin D supplementation were excluded from this
study. Informed written permission (or consent) was taken
from all the patients. Routine investigations were performed
such as Serum Creatinine, Blood Urea, Albumin, Serum
calcium, phosphorous, Alkaline Phosphatase on AU480,
fully automated analyzer. The levels of Vitamin D for
all patients were computed using Immunoassay analyzer
ACCESS2. This was based on the competitive enzyme-
mediated chemiluminescence method, in which one of the
end products is light and this emitted light is measured in
relative light units (RLU). Patients with Vitamin D levels
10-30ng/ml and <10ng/ml were considered insufficient and
deficient respectively.

3.1. Statistical analysis

The descriptive data were calculated for all the variables.
ANOVA technique was used to compare the statistical
differences in the variables and the unpaired Student’s t-
test was performed to differentiate the normally distributed
variables. The inter-group comparisons were examined
using the chi-squared test. The association between vitamin
D levels and CKD stages were observed and scrutinized
through multivariate logistic regression analysis [the odds
ratio considering 95% confidence intervals (CI)]. In the end,
the statistical importance was accepted (or trusted) only if
P<0.05. All these statistical calculations were conducted
using the SPSS software toolkit.

4. Results

Patients with CKD and GFR less than
60ml/min/1.73m2were considered our study. Table 1
shows the baseline characteristics according to CKD status.
Vitamin D levels (Mean ± SD) were notably smaller
according to gravity of renal impairment (CKD Stage
IIIa=> 37.83 ± 7.13 ng/ml; IIIb=> 28.06 ± 8.52 ng/ml;
Stage IV=> 22.51 ± 8.43 ng/ml; and Stage V=> 16.23 ±
6.42 ng/ml) (p < 0.001).

Table 2 depicts the data of patients with Vitamin D
level ≤30 ng/ml having a significantdecrease in GFR,
serum calcium levels and serum albumin levels. Moreover,
there was an increase in BUN, Serum Creatinine, serum
phosphorus and ALP (p<0.001). It was also evident that
the prevalence of vitamin D deficiency increased with
progression in CKD. The observed widespread prevalence
of Vitamin D insufficiency and deficiency was 58.6%,
64.72%, 75.4%, and 87.4% and 1.8%, 2.5%, 11.8% &
12.6% in all the considered stages (Figure 1). In the analysis
based on the multivariate logistic regression, a contrary
association was noted between serum 25-hydroxyvitamin D
≤ 30 ng/mL and prevailing CKD stage 5 [calibrated odds
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Table 1: Standard (or baseline) attributes of CKD Patients (Mean±SD)

Parameters Stage III-aGFR—45
to 59 (N = 15)

Stage III-bGFR—30
to 44 (N = 10)

Stage IVGFR—15 to
29 (N = 25)

Stage VGFR<15 (N =
20)

GFR(ml/min/1.73m2) 51.04±5.03 37.87±4.76* 21.43±5.6* 7.26±3.2**
BUN (mg/dl) 20.67±4.37 29.78±7.4* 40.75±8.54** 55.4±6.3***
Serum
Creatinine(mg/dl)

1.35±0.20 2.5±0.39* 2.53±1.23** 3.56±2.56**

Serum Albumin(g/dl) 4.27±0.32 4.15±0.28* 3.5±0.72* 3.28±0.97*
Serum Calcium(mg/dl) 9.77±1.56 9.68±1.3 8.58±0.6* 8.4±0.24*
Serum
Phosphorus(mg/dl)

3.47±0.94 3.56±0.75 4.45±0.76* 4.7±1.38*

Alkaline Phosphatase
(U/L)

72.5±40 80.4±64 92±48.2 160.4±50.98

Serum Vitamin
D(ng/ml)

37.83 ± 7.13 28.06 ± 8.52 * 22.51 ± 8.43 * 16.23 ± 6.42**

*** p<0.0001, **p<0.001, ∗p<0.05 versus Stage IIIa

Fig. 1: Visible prevalnce (in %) for Vitamin D insufficiency/deficiency with respect to the CKD staging

Table 2: Impact of Vitamin D insufficiency/deficiency concerning different variables

Parameters Vitamin D levels (ng/ml) p value>30 ng/ml ≤30 ng/ml
GFR (ml/min/1.73m2) 43.14±12.05 23.48±18.08 <0.05 (S)
BUN (mg/dl) 22.4±8.7 34.7±15.46 <0.05 (S)
Serum Creatinine (mg/dl) 1.58±1.71 5.4±5.62 <0.05 (S)
Serum Albumin (g/dl) 4.2±0.56 3.37±0.48 <0.001 (HS)
Serum Calcium (mg/dl) 9.8±0.24 8.64±1.43 <0.05 (S)
Serum Phosphorus (mg/dl) 3.57±1.07 4.57±0.4 <0.001 (S)
Alkaline Phosphatase (U/L) 78.4±45.28 98.36±76.74 0.46 (NS)

p-value versus Vitamin D > 30ng/ml in CKD patients; HS- Highly significant, S- Significant, NS- Non-significant.
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ratio 2.19 (95% CI 1.07 to 4.48)] in the CKD population.

5. Discussion

In this study, we have found that vitamin D
insufficiency/deficiency is very common among CKD
patients. Regardless of the geographic location of India,
25(OH)D levels were less than 30 ng/mL in almost 59.8-
84.5% of CKD patients (stage IIIa to Stage V). Moreover,
despite being a tropical region, hypovitaminosis D has
been reported for the Asian population with sufficiently
normal kidney function.10 Our results complement other
observations that suggest any deficiency of Vitamin D is
strongly related to the higher CKD stages. This may be
because patients with CKD are on restricted protein and
calorie intake which leads to low levels of Vitamin D.11

Also,another reason may be the increasing modernization of
Indian society because of which the number of hours spent
indoors and use of sunscreens has increased which leads to
Vitamin D deficiency.12 Finally, a bigger concentration of
urinary vitamin D metabolites loss is witnessed in patients
with overt proteinuria.13

A study showed lower Vitamin D levels with the
advancement of CKD stage when compared with the normal
population (p <0.001).14 During a long-term follow-up
study, Melamed et al. observed that patients with Vitamin
D levels <15ng/ml had a higher risk of ESRD than those
with higher levels of Vitamin D.15 Moreover, a study
done by La Clair et al. in 2005 have found vitamin D
levels decreased in CKD group. Prevelance of Vitamin D
insufficiency/deficiency for stages 4 and 5 was 29% and
17% respectively.16

Also, a negative (or inverse) relationship is witnessed
between vitamin D levels and rennin angiotensin-
aldosterone system (RAAS) abnormalities. RAAS is
a core player in the regulation of blood pressure and
developing kidney damage.17 In animals, it was identified
that by hindering 1,25(OH)(2)D synthesis there was
an enhancement in renin production and also rennin
suppression was there when 1,25 (OH)(2)D was injected.18

Hence, 1,25 (OH)(2)D is one of the unique (or novel)
negative (or inverse) endocrine regulators of the RAAS.19

Not long ago, in a group study, it was established that
serum 25-hydroxyvitamin D level was a self-sufficient (or
independent) negative predictor of disease advancement
and death in patients with stages 2–5 CKD.20 Also there
have been studies which have found a relationship between
vitamin D with albuminuria in CKD and Type1 diabetes
but failed to provide any evidence for the hypovitaminosis
D in CKD.21,22 Hereby our results are clearly presenting
a marked association between Vitamin D and kidney
damage risk in CKD prior to dialysis. The outcome of our
study highlights a key public health concern that should
be confirmed necessarily through extensive and group
examinations in different inhabitants.

6. Conclusion

The study conducted in this work tries to analyze and
demonstrates that any Vitamin D insufficiency, as well
as deficiency, is strictly linked (or related) to the smooth
functioning of kidneys in CKD Patients, specifically for the
patients with advanced-stage renal disease.

7. Abbreviations

ESRD–End-Stage Renal Disease, CKD–Chronic Kidney
Disease.

8. Conflict of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

9. Source of Funding

None.

References
1. Holick MF. Vitamin D Deficiency. New Engl J Med.

2007;357(3):266–81. doi:10.1056/nejmra070553.
2. Adams JS, Hewison M. Update in vitamin D. J Clin Endocrinol

Metab. 2013;95(2):471.
3. Ekmekcioglu C, Haluza D, Kundi M. 25-Hydroxyvitamin D

Status and Risk for Colorectal Cancer and Type 2 Diabetes
Mellitus: A Systematic Review and Meta-Analysis of Epidemiological
Studies. Int J Environ Res Public Health. 2017;14(2):127.
doi:10.3390/ijerph14020127.

4. Bertone-Johnson ER, Chen WY, Holick MF, Hollis BW, Colditz GA,
Willett WC. Plasma 25-hydroxyvitamin D and 1,25-dihydroxyvitamin
D and risk of breast cancer. Cancer epidemiology, biomarkers &
prevention : a publication of the American Association for Cancer
Research. Am Soc Prev Oncol. 1991;14(8).

5. El-Fakhri N, McDevitt H, Shaikh MG, Halsey C, Ahmed SF. Vitamin
D and Its Effects on Glucose Homeostasis, Cardiovascular Function
and Immune Function. Horm Res Paediatr. 2014;81(6):363–78.
doi:10.1159/000357731.

6. Artaza JN, Sirad F, Ferrini MG, Norris KC. 25(OH)2 vitamin
D3 inhibits cell proliferation by promoting cell cycle arrest without
inducing apoptosis and modifies cell morphology of mesenchymal
multipotent cells. J Steroid Biochem Mol Biol. 2010;1(1-2):73.

7. Benjamin SM, Valdez R, Geiss LS, Rolka DB, Narayan KV.
Estimated Number of Adults With Prediabetes in the U.S. in 2000:
Opportunities for prevention. Diabetes Care. 2003;26(3):645–9.
doi:10.2337/diacare.26.3.645.

8. Yano Y, Fujimoto S, Asahi K, Watanabe T. Prevalence of
chronic kidney disease in China. Lancet. 2012;380(9838):213–4.
doi:10.1016/s0140-6736(12)61209-4.

9. Wang S, Chen R, Liu Q, Shu Z, Zhan S, Prevalence LL. awareness
and treatment of chronic kidney disease among middle-aged and
elderly: the China health and retirement longitudinal study. Nephrol.
2015;20(7):474–84.

10. Ho-Pham LT, Nguyen ND, Lai TQ, Eisman JA, Nguyen TV. Vitamin
D status and parathyroid hormone in a urban population in Vietnam.
Osteoporos Int. 2011;22(1):241–8. doi:10.1007/s00198-010-1207-4.

11. Tonelli M. Vitamin D in Patients with Chronic Kidney Disease:
Nothing New under the Sun. Ann Intern Med. 2007;147(12):880–1.
doi:10.7326/0003-4819-147-12-200712180-00009.

http://dx.doi.org/10.1056/nejmra070553
http://dx.doi.org/10.3390/ijerph14020127
http://dx.doi.org/10.1159/000357731
http://dx.doi.org/10.2337/diacare.26.3.645
http://dx.doi.org/10.1016/s0140-6736(12)61209-4
http://dx.doi.org/10.1007/s00198-010-1207-4
http://dx.doi.org/10.7326/0003-4819-147-12-200712180-00009


Kaur et al. / International Journal of Clinical Biochemistry and Research 2020;7(4):441–445 445

12. Chopra B, Singh S, Kaur V, Verma M, Gupta S, Kaur A, et al.
Prevelance of Vitamin D deficiency in Patients referred to a tertiary
care hospital in Punjab - A Pilot Study. Int J Bioassays.
2014;3(8):3228–30.

13. Grymonprez A, Proesmans W, Dyck MV, Jans I, Goos G, Bouillon
R. Vitamin D metabolites in childhood nephrotic syndrome. Pediatr
Nephrol. 1995;9(3):278–81. doi:10.1007/bf02254183.

14. Chonchol M, Scragg R. 25-Hydroxyvitamin D, insulin
resistance, and kidney function in the Third National Health and
Nutrition Examination Survey. Kidney Int. 2007;71(2):134–9.
doi:10.1038/sj.ki.5002002.

15. Melamed ML, Astor B, Michos ED, Hostetter TH, Powe NR,
Muntner P. 25-Hydroxyvitamin D Levels, Race, and the Progression
of Kidney Disease. J Am Soc Nephrol. 2009;20(12):2631–9.
doi:10.1681/asn.2009030283.

16. 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(6):1026–33. doi:10.1053/j.ajkd.2005.02.029.

17. Jacoby DS, Rader DJ. Renin-Angiotensin System and
Atherothrombotic Disease. Arch Intern Med. 2003;163(10):1155.
doi:10.1001/archinte.163.10.1155.

18. Li YC, Kong J, Wei M, Chen ZF, Liu SQ, Cao LP. 1, 25-
Dihydroxyvitamin D(3) is a negative endocrine regulator of the renin-
angiotensin system. J Clin Invest. 2002;110:229–38.

19. Li YC. Vitamin D regulation of the renin-angiotensin system. J Cell
Biochem. 2003;88:327–31.

20. Ravani P, Malberti F, Tripepi G, Pecchini P, Cutrupi S, Pizzini P,
et al. Vitamin D levels and patient outcome in chronic kidney disease.
Kidney Int. 2009;75(1):88–95. doi:10.1038/ki.2008.501.

21. Isakova T, Gutiérrez OM, Patel NM, Andress DL, Wolf M, Levin
A. Vitamin D Deficiency, Inflammation, and Albuminuria in Chronic
Kidney Disease: Complex Interactions. J Renal Nutr. 2011;21(4):295–
302. doi:10.1053/j.jrn.2010.07.002.

22. Sachs MC, Brunzell JD, Cleary PA, Hoofnagle AN, Lachin JM,
Molitch ME, et al. Circulating Vitamin D Metabolites and Subclinical
Atherosclerosis in Type 1 Diabetes. Diabetes Care. 2013;36(8):2423–
9. doi:10.2337/dc12-2020.

Author biography

Navneet Kaur, PhD Scholar

Gitanjali, Professor and HOD

Ravinder Garg, Professor and Head

Chaitanya Tapasvi, Professor

Sonia, PhD Scholar

Cite this article: Kaur N, Gitanjali, Garg R, Tapasvi C, Sonia. Risk
factor analysis of vitamin d insufficiency in end-stage renal disease in
CKD patients. Int J Clin Biochem Res 2020;7(4):441-445.

http://dx.doi.org/10.1007/bf02254183
http://dx.doi.org/10.1038/sj.ki.5002002
http://dx.doi.org/10.1681/asn.2009030283
http://dx.doi.org/10.1053/j.ajkd.2005.02.029
http://dx.doi.org/10.1001/archinte.163.10.1155
http://dx.doi.org/10.1038/ki.2008.501
http://dx.doi.org/10.1053/j.jrn.2010.07.002
http://dx.doi.org/10.2337/dc12-2020

	Introduction
	Aims and Objectives
	Materials and Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Conflict of Interest
	Source of Funding

