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Abstract 
OBJECTIVE: To determine the frequency of vitamin D deficiency and bone mineral metabolism abnormalities in patients 
with nephrotic syndrome. 
PATIENTS AND METHODS: Between June to December 2019, all patients who fulfilled the inclusion criteria and visited 
to SIUT, Karachi were included in the study, which is a descriptive cross sectional study. Informed consent was taken after 
explaining the procedure, risks and benefits of the study. Blood samples of all the patients were taken for measurement of 
vitamin D and bone mineral metabolism abnormalities.  
 
RESULTS: Out of 92 patients, 51(55.4%) were male while 41 (44.6%) were female Mean ± SD of age was 32.76±10.16 
years. Vitamin D deficiency was found in 49 (53.3%) patients. Hypocalcemia occurred in 48 (52.2%) patients. Raised 
Alkaline phosphate was found in 42 (45.7%) patients. 
 
CONCLUSION: It is to be concluded that vitamin D deficiency and bone mineral metabolism abnormalities were 
documented in considerable number of patients presenting with nephrotic syndrome. 
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Introduction 
Patients with nephrotic syndrome (NS) frequently exhibit abnormalities of calcium and vitamin D 
homeostasis, mainly hypocalcemia and reduced circulating vitamin D levels. Vitamin D-binding 
globulin (DBG), which binds up to 98% of the 25-hydroxy-vitamin D (25(OH)D) and 
has a molecular weight lower than that of albumin, may be lost in the urine causing a low globulin 
bound (25(OH)D) in blood.1-4 However, the free fraction vitamin D (calcidol) remains normal.5-7 
 
A study conducted by Nielsen et al. have reported vitamin D deficiency in 93% of the patients, out of 
which 86% had severe deficiency, presenting with nephrotic syndrome.6 Selewski et al. found vitamin 
D deficiency in 100% of their studied patients presenting with nephrotic syndrome.7 A study conducted 
by Sheikh A et al reported vitamin D deficiency (48.6%) in nephrotic patients.

8
 The consequences of 

low vitamin D on bone metabolism in nephrotic syndrome remains debatable.
9-10

 A study conducted in 
India by Yadav et al. concluded that vitamin D deficiency is associated with lower levels of calcium 
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and phosphorus and recommended calcium and phosphate supplementation should be given to patients 
with NS. 11 
Two studies in which bone biopsies were performed in a small number of nephrotic patients with normal 
renal functions, showed that about 50% patient of study subject had osteomalacia.12-13 In contrast a study 
by A. Korkor did not find any evidence of osteomalacia in bone biopsy specimen of nephrotic syndrome 
patient despite low level of vitamin D.14 Vitamin D deficiency is quite prevalent among general 
population of our country, so it is likely that patient with nephrotic syndrome may have severe vitamin 
D deficiency compared to other regions.15 
 
Vitamin D deficiency was found in 74% nephrotic patients in a study conducted by Aggarwal A et al 
in the year 2016.16 We set out to analyze the frequency of vitamin D deficiency and bone mineral 
metabolism abnormalities in patients with nephrotic syndrome. 
 
In Pakistan, the incidence of vitamin D deficiency and bone mineral metabolism abnormalities is on the 
rise and to the best of our knowledge based on literature search very scanty studies are available in 
national and international level focusing on adult nephrotic patients in terms of vitamin D deficiency 
and bone mineral metabolism abnormalities. As these patients are usually treated with high dose steroid 
for prolong period and relatively in high risk of developing bone disease. So, this was the need of hour 
to carry out this analysis in our population in order to find out the current magnitude of vitamin D 
deficiency and bone mineral metabolism abnormalities. By doing this study, we developed guidelines 
for early diagnosis, prevention and treatment of such patients. Furthermore, the findings of this study 
guided the clinicians to treat the patients effectively on time and to make the strategies for further 
research in this respect to improve the quality of care we provide to these patients. 
 
PATIENTS & METHODS 
This was a descriptive Cross-Sectional Study, carried out at Department of Nephrology, Sindh Institute 
of Urology &Transplantation (SIUT), Karachi, between June to December 2019.Based on previous 
study which revealed vitamin D deficiency (74%) in nephrotic patients [16]. 92 patients were included, 
calculated by using W.H. O sample size calculator with margin error (d)=9% and 95% confidence level. 
Non-Probability, Consecutive Sampling was done. 
 
INCLUSION CRITERIA: All adult patients (>18 years of age) and both gender with e-GFR more than 
> 60% ml/min, presenting with nephrotic syndrome were included in study. Nephrotic Syndrome was 
defined as edema, hypoalbuminemia, proteinuria and hypercholesterolemia. Vitamin D levels < 12 
ng/mL on 25-hydroxy vitamin D blood test was labelled as vitamin D deficiency. 
EXCLUSION CRITERIA: Patents with history of vitamin D supplement during last three months, who 
received steroid during past 3 months’ period, history of calcium supplements, Diabetic patients 
fasting (BSR > 126 mg/dl or taking antibiotic drugs for more than 6 months, patients with history of 
carotid surgery, ischemic heart disease or stroke and smokers (smoke > 10 pack-year either currently 
smoking for > 1year or quit smoking since < 6 months were excluded. 
DATA COLLECTION: A total number of 92 patients with diagnosis of nephrotic syndrome (NS) 
fulfilling the inclusion criteria of the study were registered. A written informed consent was taken from 
all patients after explaining the objectives of the study, ensuring them confidentiality of the information 
provided and fact that there was no risk involved to the patient while taking 
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part in this study. Blood samples were taken to all the patients for measurement of vitamin D and bone 
mineral metabolism abnormalities in accordance with operational definition. Confounding variables and 
biasness were controlled by strictly following inclusion and exclusion criteria. 
DATA ANALYSIS: Data analysis was carried out by using SPSS version 23 software. Mean and 
standard deviation were used to present age, weight, height and BMI. Frequency and percentage were 
calculated for gender and outcome variable i.e. vitamin D deficiency and bone mineral 
metabolism abnormalities i.e. (raised alkaline phosphatase and hypocalcaemia). Effect modifiers such 
as age, gender and BMI were controlled by stratification. Post-stratification, chi-square test was applied 
to assess the effect of these on outcome variables. Considered P < 0.05 was taken as significant. 
 
RESULTS: 
In this study 92 patients were included to assess the frequency of vitamin D deficiency and bone mineral 
metabolism abnormalities in patients with nephrotic syndrome. Among the studied population 51 were 
male and 41 were female with mean age of 32.76±10.16 years, mean Body mass index (BMI) in studied 
population was 26.71 ±3.68.  
Vitamin D deficiency was found to be in 49 (53.3%) patients, Hypocalcemia was noted in 48 (52.2%) 
patients, Raised Alkaline phosphate was found abnormal in 42 (45.7%) patients. 
Stratification of age group, gender and body mass index were done with respect to vitamin D deficiency 
and bone mineral metabolism abnormalities (hypocalcemia & raised alkaline phosphate) in patients in 
order to found significant difference from Table 1. 
 
Table 1: Stratification of different parameters and their significance in 72 patients with nephrotic syndrome. 

 
Parameter  Age 

(years) 
18-40 

Age 
(years) 
>40 

P 
value* 

BMI 
18-24 

BMI 
>24 

P 
value* 

Gender 
Male 

Gender 
female 

P 
value* 

Vit. D deficiency 
Yes 
No  

 
 
37 
35 

 
 
12 
8 

0.495  
 
4 
16 

 
 
45 
27 

0.001  
 
28 
23 

 
 
21 
20 

0.275 

Hypocalcemia 
Yes  
No  

 
 
33 
39 

 
 
15 
5 

0.019  
 
5 
15 

 
 
43 
29 

0.006  
 
24 
27 

 
 
24 
17 

0.273 

Raised Alk Phos 
Yes 
No  

 
 
35 
37 

 
 
7 
13 

0.280  
 
11 
9 

 
 
31 
41 

0.343  
 
25 
26 

 
 
24 
16 

0.252 

*Chi Square test applied 
 
Discussion: 
Chronic kidney disease (CKD) is a modern-day global epidemic and it is now recognized as a public 
health issue.17 Disturbance in mineral and bone metabolism accompanied by soft tissue and vascular 
calcification is one of the most common and important consequences of CKD development and 
progression. This systemic disorder is now referred to as CKD–mineral and bone disorder (CKD–
MBD).18 Renal osteodystrophy is a bone disease characterized by deranged bone morphology in patients 
with CKD. It is now considered as a component of CKD–MBD. Although renal osteodystrophy is 
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typically seen in advanced kidney failure, other features of CKD–MBD begin to develop at earlier 
stages of CKD  and contribute to the pathogenesis of renal osteodystrophy. 19 Alteration in vitamin D 
metabolism is one of the key features of CKD–MBD that has major clinical and research implications. 
 
Vitamin D is important for normal development and maintenance of the skeleton. It is well known that 
Vit. D deficiency is related to rickets and osteomalacia. The relationship between Vit. D and bone 
mineral density and osteoporosis are still controversial while new evidence suggest that Vit. D may play 
a role in other bone conditions such as osteoartrhitis and stress fractures. Vitamin D is not in the strict 
sense a vitamin, but a hormone. Vitamin D is synthesized in the skin by the action of sunlight. Once 
vitamin D is formed in the skin or ingested in the diet, it journeys to the liver and kidney, where it is 
hydroxylated sequentially on carbons 25 and 1, respectively, to form its biologically active form 1,25-
dihydroxyvitamin D (1,25[OH]2D). The major physiologic function of vitamin D is to maintain the 
extra-cellular and blood concentrations of calcium within the physiologic range in order to maintain 
cellular activities and neuromuscular function. Vitamin D is not only important for the skeletal health 
in healthy growing children, but this hormone is also essential for maintaining a healthy skeleton 
throughout our lives. 
 
Vitamin D is also important in the regulation of calcium. It is synthesized in the skin or can be obtained 
through dietary sources; it is carried in the bloodstream to the liver, where it is converted into calcidiol. 
Calcidiol can then be metabolized by the kidney, via 1ahydroxylase, to the biologically active form of 
vitamin D, calcitriol, which then acts throughout the body and essentially functions as a hormone. The 
most important function is exerted on the small intestine, where calcitriol regulates the intestinal 
reabsorption of calcium and, to a lesser degree, phosphorus. Calcitriol inhibits PTH secretion. In 
summary, the integrated actions of PTH and vitamin D on target tissues gives precise control of serum 
concentrations of calcium and phosphorous.

20
 

 
Vitamin D has a variety of actions on calcium, phosphate, and bone metabolism. Its most important 
biological action is to promote enterocyte differentiation and the intestinal absorption of calcium and 
phosphorus, thereby promoting bone mineralization. At high vitamin D concentrations, under conditions 
of calcium and phosphate deficiency, it also stimulates bone resorption, thereby helping to maintain the 
supply of these ions to other tissues. Vitamin D deficiency or resistance interferes with these processes, 
sometimes causing hypocalcemia and hypophosphatemia. Since hypocalcemia stimulates the release of 
parathyroid hormone (PTH), however, the development of hypocalcemia is often masked. The 
secondary hyperparathyroidism, via its actions on bone and the kidney, partially corrects the 
hypocalcemia but enhances urinary phosphate excretion, thereby contributing to the development of 
hypophosphatemia and osteomalacia.  
 
Patients who have nephrotic syndrome and normal renal function frequently have abnormalities in 
calcium metabolism that manifest as hypocalcemia, hypocalciuria and reduced intestinal absorption of 
calcium.21,22 Although hypocalcemia was initially attributed to hypoalbuminemia, many patients with 
nephrotic syndrome have low levels of ionized calcium. 

23-25
 

 
Nephrotic syndrome is characterized by massive proteinuria, hypoalbuminemia, hyperlipidemia 
associated with peripheral edema [94]. Patients with Nephrotic syndrome (NS) lose 25-hydroxyvitamin 
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D in the urine and can have low blood levels of this metabolite. These patients may also have secondary 
hyperparathyroidism with normal renal function and display evidence of defective mineralization of 
bone and enhanced bone resorption.26 25-Hydroxyvitamin D (25-OHD) circulates in blood, bound to 
Vitamin D binding protein. Of the possibility is that patient with Nephrotic syndrome lose 25- 
Hydroxyvitamin D with protein in the urine. If the magnitude of such losses of 25-Hydroxyvitamin D 
is marked and its duration is prolonged, a state of vitamin-D deficiency may ensue and be responsible 
for the abnormalities of calcium homeostasis .27-30 
 
Decreased BMD has been described in a wide spectrum of paediatric disorders ranging from juvenile 
rheumatoid arthritis, inflammatory bowel disease, systemic lupus erythematosus therapy, leukaemia and 
asthma, as well as after bone marrow transplant, cardiac transplant, liver transplant and kidney 
transplant.31-33 
 
In our study, the mean age was 32.76±10.16 years. The study of Joshi U, et al reported the mean age as 
44.4±15.1 years. Chauhan R, et al noted mean age in his study as 56.02±9.89 years.34,35 In this study, the 
mean weight and height were 75.09±9.47 kg and 1.68±0.78 meters, respectively. In current study, the 
mean body mass index was 26.71±3.68 kg/m2. Cetin N, et al noted BMI as 21.5±3.89 kg/m2 while 
Bhan I, et al  reported the mean body mass index as 32.0±9.5 kg/m2.36,37 In present study, out of 92 
patients, 51 (55.4%) were male while 41 (44.6%) were female. There were 56.25% males and 43.75% 
females in the study of Cetin N, et al [36]. In the study of Erdem E, et al, there were 40 (53%) males 
and 35 (47%) females.38 
 
In a recent study, Vitamin D deficiency was found in 49 (53.3%) patients. Bhan I, et al reported the 
vitamin D deficiency in 34% patients. However, Bansal B, et al noted a high prevalence of 88.0% 
patients who were vitamin D deficient. Marquardt P, et al. noted the deficiency in 32.7% patients.

37,39,40 

Another study conducted by Agarwal A, et al on pediatrics population who were taken steroid reported 
the vitamin D deficiency 74% in nephrotic patients.16 While in our study was included on other patients 
who never taken steroid or any other drugs. In this study, hypocalcemia was noted in 48 (52.2%) 
patients. In our study, raised alkaline phosphate was found abnormal in 42 (45.7%) patients. In present 
study, stratification of confounders / effect modifiers with respect to vitamin D deficiency, insignificant 
difference was noted in age group (P=0.495), body mass index (P=0.001) and gender (P=0.725). In 
current study, stratification of confounders / effect modifiers with respect to hypocalcemia, insignificant 
difference was documented in age group (P=0.019), body mass index (P=0.006) and gender (P=0.273). 
In the current study, stratification of confounders / effect modifiers with respect to alkaline phosphatase 
insignificant difference was reported in age group (P=0.280), body mass index (P=0.343) and gender 
(P=0.252). 
 
Conclusion 
It is to be concluded that vitamin D deficiency and bone mineral metabolism abnormalities were 
documented in considerable number of patients presenting with nephrotic syndrome. As it is associated 
with increased risk of complications therefore, it is imperative to identify the underlying risk factors to 
address the burden of diseases and to optimize the management strategies for this already compromised 
cohort of patient. 
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