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Introduction

Vitamin D deficiency has been a global pandemic.[1] Its deficiency 
leads to secondary hyperparathyroidism, increased bone turnover, 
and bone loss, predisposing individuals to osteoporosis and 
osteoporotic fractures.[2,3] The optimal serum level of  vitamin 
D required for maintenance of  bone health.[4] However, the 
appropriate dosage for replacement therapy is still debatable. 

Though, many experts agree that vitamin D deficiency is defined 
as circulating levels of  25‑hydroxyvitamin D (25[OH] D) less 
than 20 ng/mL.[5]

Many studies from various parts of  our country have revealed 
widespread vitamin D deficiency in India in all age groups. Such a 
large population is largely catered by the primary care physicians 
and family physicians. It was found that 98% of  the general 
population may be benefitted by vitamin D supplements.[6] 
We were of  the opinion that the daily dosages of  vitamin D 
supplementation has not only poor adherence to the regimen but 
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also of  doubtful efficacy in deficient patients. We hypothesized 
that instead of  small daily dosages, high vitamin D doses at less 
frequent intervals would address the issue of  compliance with 
improved efficacy. Scientific literature search did not provide any 
clue on consensus over dose and duration to be used in different 
populations. Therefore, we determined the efficacy of  two 
common regimens (1000 or 60,000 IU) along with compliance 
in an open label randomized study.

Methods

Study design
A prospective, randomized, observational study was conducted 
in Department of  General Medicine at a tertiary care teaching 
hospital. The study took overall 6 months for recruitment and 
follow‑up. Adults (18–65 years of  age) with musculoskeletal 
symptoms attending Medicine Outpatient Department (OPD) 
were included in the study based on the following criteria:

Inclusion criteria
1. Patients of  either sex having musculoskeletal features of  

hypovitaminosis D like muscle pain, fatigue, body ache, 
lethargy, and numbness.

2. Patients between 18 and 65 years, of  either gender.

Exclusion criteria
1. Pregnant and lactating women.
2. Patients above 65 years.
3. A patient who has taken vitamin D in the last 3 months.
4. History thyroid, parathyroid, renal, or any metabolic disease.
5. Patients on steroid, antiepileptics, statins, proton pump 

inhibitors, and diuretics.

Sample Size: In view of  availability of  patients, time constraint 
and resources, no formal sample size calculation was done. It 
was decided to include a reasonable number of  patients to have 
meaningful, valid, and credible results. A total of  90 patients (age 
between 18 and 65 years) attending medicine OPD were 
randomized after obtaining approval from Institutional Ethics 
Committee (IEC). Patients with musculoskeletal features 
like muscle pain, fatigue, body ache, lethargy, and numbness 
suggestive of  vitamin D deficiency and fulfilling inclusion criteria 
were offered participation in the study. Informed consent was 
taken from all patients. Patient’s demographic data were collected 
at the time of  visit to the medicine OPD.

Randomization: The randomization list was computer 
generated prior to the start of  the study and kept with third party 
who was not involved with the study at all. Block randomization 
with block size of  6 and 4 was taken to ensure equal patient 
number in both the groups. Further, to ensure concealment, the 
block sizes were also randomized. It was a single‑blinded study 
and patients involved in the study were unaware of  assignment 
to treatment groups. Subjects eligible for the study were divided 
in two groups. Each group consisted of  45 subjects. Vitamin D 

supplementation was given irrespective of  their baseline vitamin 
D levels (<30 ng/dL). Group 1 received 60,000 IU/week of  
vitamin D3 for 10 weeks along with calcium carbonate (500 mg 
elemental calcium/day) and group 2 received 1,000 IU/day of  
vitamin D3 for 10 weeks along with calcium carbonate (500 mg 
elemental calcium/day). The treatment was given free of  cost to 
the patients. In the study, compliance to the study medication was 
assessed by verbal questioning from the patient and was relied 
upon whatever patient told to us. After 10 weeks, serum vitamin 
D levels were measured.

A clinical profile sheet was specifically designed to capture 
information like onset of  symptoms and musculoskeletal 
symptoms like myalgia. Patients were asked questions regarding 
muscle pain and scoring on pain grade is given by visual analog 
scale.[7]

Procedure of estimation of vitamin D
Venous blood samples were collected to measure the level of  
Vitamin D levels. 25‑hydroxy vitamin D estimation was done by 
chemiluminescence immunoassay, a quantitative immunoassay 
method processed by a fully automated analyzer, (DiaSorin 
LIAISON, Germany). The venous samples collected were 
immediately transported to the laboratory for estimation.

Cut‑off  to define an inefficient/insufficient serum vitamin D 
levels (circulating concentration of  25(OH) D is above 20 ng/dL 
but less than equal to 29 ng/dL), while concentrations lower 
than 20 ng/dL are categorized as deficient. Subjects who were 
having serum vitamin D level ≥30 ng/dL were classified as not 
deficient (ND) or normal.

Ethical consideration
Ethical clearance was taken from the Institutional Ethical 
Committee with Ethical Clearance Certificate No. AIIMS/
IEC/2017/759. The study was also registered with Clinical Trial 
Registry, India with Reference No. REF/2018/02/017336.

Table 1: Comparison of 1000 IU and 60000 IU of 
vitamin D on patient’s parameters at baseline.

Variables 60000 IU 1000 IU P (two‑sided)
Age (years) 33.17±10.53 39.67±11.37 0.025
Male, n (%) 19 (42.22) 25 (55.55) 0.187
Female, n (%) 26 (57.77) 20 (44.44) 0.187
Sun exposure (Hrs) 0.75±0.53 1.25±1.76 0.147
Diet (V/NV), n (%) 31 (68.88)/14 

(31.11)
35 (77.77)/10 

(22.22)
0.084

Vitamin D (ng/dL) 11.58±7.30 11.70±5.39 0.942
Weight (kg) 66.70±15.70 69.10±14.92 0.546
BMI (kg/m2) 24.29±4.39 25.80±6.01 0.273
SBP (mmHg) 116.93±15.13 125.07±14.48 0.038
DBP (mmHg) 77.93±11.04 83.40±9.11 0.041
Pulse (beats/min) 74.37±6.73 77.77±7.61 0.072
Abbreviations: Mean±SD=Mean plus minus standard deviation, n=Number, % = Percentage, 
Mean±SD=Mean plus minus standard deviation, Hrs=Hours, V=Vegetarian, NV=Nonvegetarian, 
BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood pressure and 
IU=International units. P value<0.05 is considered significant
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Statistical analysis
Data were compiled using Microsoft Excel and analyzed using 
SPSS software (IBM‑SPSS statistics 20.0; SPSS Inc., Chicago, 
IL, USA). Quantitative variables were analyzed using mean and 
standard deviation. Baseline as well as follow‑up characteristics 
between groups (vitamin D 60,000 IU/week and vitamin D 
1000 IU/day) were compared using an independent t‑test for 
numerical variables and Chi‑square test for categorical variables. 
The data were used to analyze the difference in quantitative 
variables. Two tailed P value less than 0.05 was considered 
significant.

Results

A total of  126 patients were enrolled in the study. After screening, 
90 patients were found to be eligible. The subjects were equally 
divided in 1:1 ratio as per computer‑generated randomization 
tables into two groups: First group received 60,000 IU vitamin 
D per week and the second group received 1,000 IU vitamin 
D per day [Figure 1]. The study population comprised of  
51.22% female and 48.88% male. The mean age between the 
group was statistically significant (33.17 ± 10.53 years versus 
39.67 ± 11.37 years for groups one and two, respectively). 
Sociodemographic data, diet, sun‑exposure, weight, body 
mass index, pulse, and vitamin D level at baseline were all 
nonsignificant except systolic blood pressure and diastolic blood 
pressure of  the study participants at baseline [Table 1].

Nearly 41 participants completed the course of  60,000 IU 
vitamin D per week for 10 weeks. Two participants complained of  
constipation and discontinued. Other two subjects lost to follow‑up 
and did not turn up at the end of  10 weeks [Table 2]. At the end of  
10 weeks, the participants taking 60,000 IU/week showed significant 
improvement in vitamin D level from baseline (11.58 ± 7.30) to 
follow‑up (39.91 ± 12.79) at 10 weeks with mean difference of  
28.33 ng/dL. There was significant improvement in myalgia in 
higher dose group compared to low dose group [Graph 1].

A total of  38 participants completed the course of  1000 IU 
vitamin D per day for 10 weeks. Four participants complained of  
constipation so dropped out of  the study and the rest three did not 
turn up at week 10 [Table 2]. At the end of  10 weeks, the participants 
showed statistically significant improvement in vitamin D level from 
baseline (11.79 ± 5.39) to follow‑up (18.49 ± 10.34) at 10 weeks with 
mean difference of  6.79 ng/dL. There was gradual improvement 
in self‑reported myalgia after taking 1000 IU vitamin D daily for 
10 weeks [Graph 2]. Comparison of  two groups at the end of  the 
treatment showed that subjects getting 60,000 IU of  vitamin D per 
weeks has a mean difference of  21.42 ng/dL over subjects getting 
1000 IU of  vitamin D daily which is highly significant statistically.

Discussion

Many randomized clinical trials have linked vitamin D with 
bone mineralization and fracture risk.[8,9] Many observational 

Assessed for eligibility (n= 126)

Excluded  (n= 36)
• Not meeting inclusion criteria (n=33)
• Declined to participate (n=3)

Randomized (n=90)

Enrollment

Allocation

Allocated to Group 1 Vitamin D 60,000 IU 
weekly for 10 Weeks (n=45)

• Received allocated intervention (n=45)

Allocated to Group 2 Vitamin D 1,000 IU 
daily for 10 Weeks (n=45)

• Received allocated intervention (n=45)

Lost to follow-up (Reasons: unknown; 
asymptomatic, residence far off) (n=2)

Adverse Drug Reaction (Constipation) (n=2)

Lost to follow-up (Reasons: unknown
 asymptomatic, residence far off) (n= 3)

Adverse Drug Reaction (Constipation) (n=4)
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• Excluded from analysis (n=0)
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Follow-Up
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Figure 1: Consort Diagram
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studies have revealed an inverse relationship between vitamin D 
status and noncommunicable disease like cancer, cardiac disease, 
diabetes, infertility, cognitive decline, and autoimmune diseases.[10] 
Despite extensive research, there is no guidelines when to treat 
and how to supplement vitamin D in deficient patients.[11] There 
is inadequacy of  well‑defined recommendations for vitamin D 
supplementation and its reference concentration in the serum 
that leads to diversity in treatment regimens (daily or weekly or 
monthly).[8]

Studies have shown that in vitamin D deficient person, high‑dose 
vitamin D supplementation (≥40,000 IU/week) for a short 
duration (4‑16 weeks) often achieve an optimal 25‑OH vitamin 
D level.[12] On the contrary, Holick et al. and National Academy 
of  Medicine, USA recommends 800–1000 IU of  vitamin 
D as the daily dose as it is demonstrated to raise 25‑OHD 
concentrations.[13,14] Further, the Food and Nutrition Board and 
Endocrine Society Clinical Practice guidelines recommended 
1,500–2,000 IU a day of  vitamin D as the upper intake level 
which was found to be well tolerated among the participant 
subjects in the previous studies.[15] It has been observed 

that different regimens have different outcomes in terms of  
symptomatic relief  and effect on serum level of  vitamin D. In 
our study, supplementing vitamin D as 60,000 IU/week and 
1000 IU/day for 10 weeks was chosen based on the evidences 
provided by observational studies.[16]

By measuring vitamin D before and after supplementation 
using two different regimens, we were able to demonstrate 
that baseline serum levels and supplementation dose directly 
influence the dose‑response curve of  vitamin D in the deficient 
subjects as compared to previous studies. Our study is showing 
similar results to studies by Whiting et al., Von Groningen et al. 
and Rolland et al.[17‑19]

In the present study, 1000 IU of  vitamin D supplementation 
did not achieve sufficiency level of  25‑OHD i.e. ≥30 ng/mL as 
defined in many studies[20‑22] in contrast to several randomized 
placebo‑controlled trials taking 1000 IU or less of  vitamin D 
daily.[23]

The result that higher dose of  60,000 IU of  vitamin D weekly 
for 10 weeks improved vitamin D status was comparable with the 
results shown by Malabanan et al. who used ergocalciferol in the 
dosage of  >40,000 IU once a week for 8 weeks.[24] Our results 
are consistent with the finding of  Ish‑Shalom et al. who showed 
that the total dose of  vitamin D was more predictive than the 
frequency of  dosing in the treatment of  vitamin D deficiency.[25]

Table 2: Change in the parameters in study groups over a period of 10 weeks (intention to treat analysis)
Variable Group 1 ‑ Vitamin D 60,000 IU (n=45) Group 2 ‑ Vitamin D 1,000 IU (n=45) Difference between 

Groups‑60,000 IU vs 1000 IUBaseline Follow‑up Mean 
Difference

p Baseline Follow‑up Mean 
Difference

p
Mean Difference p

Vitamin D (ng/dl) 11.58±7.30 39.91±12.79 28.33 0.000 11.79±5.39 18.49±10.34 6.79 0.003 21.42 0.000
Weight (Kg) 66.70±15.70 65.95±16.36 0.75 0.116 69.10±14.92 68.65±14.85 0.45 0.405 ‑2.7 0.506
BMI (kg/m2) 24.29±4.39 24.01±4.54 0.28 0.108 25.80±6.01 25.61±5.91 0.19 0.351 ‑1.6 0.246
SBP (mmHg) 116.93±15.13 117±16.34 0.067 0.977 125.07±14.48 116±10.9 8.2 0.000 0.13 0.970
DBP (mmHg) 77.93±11.04 77.67±9.20 0.267 0.870 83.40±9.11 76.93±8.41 6.46 0.000 0.74 0.749
Pulse (beats/min) 74.37±6.73 72.20±6.13 2.16 0.007 77.77±7.61 74.20±6.89 3.5 0.405 ‑2 0.240
All data in mean±SD. BMI=Body mass index, SBP=Systolic blood pressure, DBP=Diastolic blood pressure and IU=International units. P value<0.05 is considered significant
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Graph 1: Comparison of muscle pain at baseline and follow-up by 
visual analog scale after giving 60000 IU of vitamin D
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visual analog scale after giving 1000 IU of vitamin D
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After 10 weeks, subjects receiving high‑dose vitamin D 
supplementation had an average increase in 25‑OH vitamin D 
of  28.33 ng/mL, which was significant (P < 0.001) and greater 
than the increase (6.79 ng/mL) in the low‑dose vitamin D group. 
This shows that daily low‑dose vitamin D supplementation 
may not be enough to normalize vitamin D levels for those 
who are already deficient at the baseline.[26,27] These results 
are in agreement with other studies that also show that daily 
low‑dose vitamin D (≤1,000 IU/day) is not sufficient to correct 
vitamin D deficiency.[28,29] Therefore, compared to daily low dose 
supplementation, high dosage weekly vitamin D supplementation 
may thus be the preferred strategy for vitamin D deficiency.[29,30]

There were few limitations of  our study. First, the sample size 
was relatively small and around 10% of  subjects were lost to 
follow‑up or due to adverse reactions. Second, 100% compliance 
or adherence to vitamin D supplementation could not be 
confirmed, although the subjects were given comprehensive 
counseling and education on the compliance and importance of  
vitamin D supplementation. Third, due to the limited resources, 
the effect of  vitamin D on parathyroid hormone, phosphate, and 
calcium could not be investigated.

Although the study investigated smaller number of  subjects but 
its results may provide basis for further studies with a larger 
sample size and of  a longer duration of  follow‑up to validate the 
effect of  vitamin D supplementation on its serum levels. Lack of  
similar studies from Indian subcontinent forced us to conduct a 
preliminary investigation without formally calculating sample size.

Conclusion

We found that a high proportion of  subjects with musculoskeletal 
symptoms suffered from vitamin D deficiency/insufficiency. The 
findings of  this randomized, prospective study revealed that in 
vitamin D deficient subject, the weekly dose of  60,000 IU of  vitamin 
D was more efficacious than daily dose of  1000 IU in increasing the 
vitamin D level to normal range as well as in mitigating the deficiency 
symptoms. Thus, high dose regimen may be a more convenient, 
effective, and economical mode of  treatment for patients with 
vitamin D deficiency. It will help the primary care physicians, family 
physicians, and specialist doctors to follow the latest, evidence‑based 
practice and maintain the standards of  care for the population.
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