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ABSTRACT

Background: Vitamin D maintains overall good health by boosting up of the immune system through proper
function of lungs, heart, muscles, brain and bones. The goal of the study was to determine and compare
different routes and formulation of vitamin D3 that was per oral, injectable formulation given orally and
inframuscular injection in patients of different groups.

Methods: This was a randomized clinical trial designed for vitamin D deficient patients. Patients were
randomly assigned to three routes of administration i.e. orally, injection formulation given orally andintramus-
cular injection group. For mild deficiency, 2 doses of 200,000 IU, for moderate deficiency, 3 doses of 200,000
IU and for severe deficiency, 4 doses of 200,000 IU, 25[OH] D was prescribed. Chi-Square (x?) test was used to
evaluate the significant association .

Resulis: A fotal of 150 patients were enrolled in the study. The mean age +SD of patients was 48.29 + 4.65
years. At 4 and 12 weeks after completion of vitamin D3 replacement, levels of 25-hydroxycholecalciferol
were measured. In the majority of participants of all three groups, the levels of vitamin D were increased to
normal range by week 4 after the final dose of vitamin D3. However, the majority of pafients failed to main-
tain their Vitamin D3 levels within the normal range 12 weeks after the final dose. All three routes of adminis-
frafion of Vitamin D were found equally effective with no significant difference between the routes (p>0.05).

Conclusion: All three routes of administration of vitamin D supplements had equal efficacy with no significant
advantage over one another.
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INTRODUCTION obtained from the diet'?2.
Vitamin D is essential for the human body; some of

Vitamin D is a group of fat-soluble vitamins that are the important functions, which require vitamin D,
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either produced endogenously in the skin or
absorbed from the diet. The two most important
compounds of this group are Ergocalciferol (Vito-
min D2) and cholecalciferol (Vitamin D3). The
synthesis of the endogenous vitamin D3 depends on
the ultraviolet rays from the sun, which when in
contact with the skin, frigger vitamin D synthesis in
the body. For most individuals around 90% of the
vitamin D is produced in this way, while remaining is

are calcium absorption from the gut, regulatfion of
serum calcium and phosphate concentration and
maintaining adequate mineralization of bone.
Deficiency of vitamin D in body can be associated
with hypocalcemic tetany, rickets in children, and
osteomalacia in adults. In a number of studies
vitamin D has been implicated as an important
factorin the pathogenesis of several neuromuscular
disorders like dementia, autism, schizophrenia,
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depression, multiple sclerosis, etc*#4 . Vitamin D3 has
an important role in neurodevelopment, immuno-
logical modulation, brain homeostasis, aging and
gene regulation .

Medical practitioners have invested a lot of energy
in evaluating various aspects of vitamin D deficien-
cy (VDD). Several studies have highlighted the high
prevalence of vitamin D deficiency globally*s. How-
ever, the incidence of vitamin D deficiency is sfill
indeterminate and data from other regions is
ambiguous?.

Local data regarding the frequency ofpatients
suffering from vitamin D deficiency in Karachi (Paki-
stan) is considerably high. A recent study in Karachi
revealed 62% patients were severely deficient in
vitamin D’. In one of the studies conducted at Aga
Khan University Hospital on healthy volunteers, a low
serum 25-hydroxycholecalciferol (25[OH]D) in 94.3%
of the females and 88.6% of the males was report-
eds.

It is highly important to figure out the most efficient
mode of compensating vitamin D deficiency in
deficient individuals. Various regimens are being
followed for vitamin D replacement with no clear
guidelines. A study carried out at AKUH aimed at
ascertaining the prevalence of vitamin D deficien-
cy with oral and intframuscular administration of two
high-dose preparations of vitamin D3. The study
reported that 70% of the study participants were
recovered from the deficiency of Vitamin D with a
single dose of either 600,000 or 200,000 IU given
orally or inframuscularly?’.

In order to assess the most effective regimen to
overcome vitamin D deficiency in adults we need
to ascertain not only the doses, but also the most
appropriate route of vitamin D administration.
Evaluating which form of vitamin D prescribed to
vitamin D deficient patients was most effective in
improving their levels will help patients in efficient
and prompt recovery from symptoms and helped
us to evaluate the difference in the results of the
three modes of vitamin D administration. In addition
to this, we had also extended our study to evaluate
the frequency of patients developing VDD, 3
months after the replacement therapy.

METHODS

This randomized clinical trial was conducted in
General Medical and Orthopedic outpatient clinic
of Imam Clinic Hospital, Karachi, Pakistan, between
October 2018 and March 2019. Patients who
presented with myalgias, bone pains and joint pains
were evaluated for vitamin D3 deficiency; those
with vitfamin deficiency and willing to participate
were included in the study. The patients were classi-
fied into three categories of mild, moderate, and
severe deficiency of Vitamin D. Patients with
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vitamin D levels between 21-30 ng/dl were grouped
as mildly deficient, those between 10-20 ng/dl were
defined as moderately deficient, while those with
levels of <10 ng/dl were defined as severely
deficient. They were randomly divided into three
groups according fo the formulation and routes of
administration of Vitamin D i.e. Oral, Injection formu-
lation given orally, and Inframuscular injection.
Efficacy of the response was measured by vitamin
D levels at 1 month and 3 months after final dose.

Dose regimes of same brand were specifically
designed according to the level of deficiency. For
cases of mild deficiency, 2 doses of 200,000 U, 3
weeks apart were given. For cases of moderate
deficiency, 3 doses of 200,000 IU on Day 0, Day 7,
and Day 21 of diagnosis was given. Similarly, for the
cases of severe deficiency, 4 doses of 200,000 IU,
each one week apart was given.

All patients with chronic renal failure, chronic liver
disease, known malignancy and pregnancy were
excluded. In addition, patients who had received
any form of vitamin D supplementation in the last
three months were excluded. Informed consent
from each participant was obtained prior to com-
mencement of the intervention. The Institutional
Ethical Review Board, Imam Clinic Hospital,
approved the study.

A fotal of 300 patients were assessed initially for
eligibility, out of which 150 patients were randomly
assigned to each route of administration i.e. oral
(group 1), Injection formulatfion given orally (group
2) and Intramuscular injection (group 3) intervention
by using block randomization method. Those who
were randomized fo receive Inframuscular injection
were given deep intragluteal injection.

The physician on site for all three groups, resulting in
100% compliance, administered the first dose.
Patients were given dates for subsequent doses
according fo profocol. The patients were set up for
a follow-up appointment for 1 and 3 months after
the final dose of drug. Anthropometric parameters
such as weight, height, age and BMI were recorded
for the patients at each visit. The main outcome
assessed was the delta change in mean serum
25-hydroxycholecalciferol level and achievement
of serum 25-hydroxycholecalciferol = 30 ng/dl at
one and three months’ post diagnosis.

Serum Vitamin D levels were measured by experi-
enced laboratory technicians of National Institute
of Blood Disease (NIBD) laboratory at baseline, at
one and three months after the final dose of vitamin
D3 was administered. Serum 25 Hydroxy Vitamin-D
was defermined by radioimmunoassay according
to the standard instructions.

Data analysis was done using SPSS version 24.0 (SPSS
Inc., Chicago, IL, USA). All continuous variables
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were presenfed using mean and standard devia-
tion (SD). Chi-Square (x?) test was used to evaluate
the significant association between vitamin D levels
and different routes of administration after one and
three months. For the assessment of mean serum
25-Hydroxy Vitamin-D levels within each group, at
baseline and last measurement, paired t-test was
used. p<0.05 was considered statistically significant.

RESULTS

Initially, 50 participants in each of the three freat-
ment groups i.e. oral freatment group (group 1),
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Injection formulation given orally treatment (group
2), and Inframuscular injection tfreatment (group 3)
were assigned randomly.

In oral group treatment, 2 patients were lost fo
follow-up by week 12, while remaining 48 (96%)
completed the freatment. In Injection formulation
given orally group, 4 patients were lost to follow-up
while 46 (92%) completed the ftreatment. In
Inframuscular injection group, 4 patients were lost
to follow-up while 46 (92%) completed the freat-
ment (Figure 1).

300 patients were assessed for eligibility

Group 1 (50 Assigned to Oral
freatment group)

Group 2 (50 Assigned to
Injectable Oral freatment group)

Group 3 (50 Assigned to
Injectable I/M treatment group)

2 were lost to follow-up.

48 (96%) remained in the study
at month 3 and completed
freatment.

4 were lost to follow-up.

46 (92%) remained in the study
at month 3 and completed
freatment.

4 were lost to follow-up.

46 (92%) remained in the study
at month 3 and completed
freatment.

Figure 1: Flow diagram of enrolment, randomization and follow-up.

A total of 140 patients completed the course of the
freatment. Out of these, 113 (80.7%) were female
and 27 (19.3%) were male patients with mean age
+SD wass 48.29 +14.65 years. According to the base-
line Vitamin D3 levels, 30 (21.4%) were mildly
deficient (21-30 ng/dl), 61 (43.5%) were moderately
deficient (10-20 ng/dl), while 49 (35%) were severely
deficient (<10 ng/dl) in 25-hydroxycholecalciferol.

At diagnosis, 26 (23.0%) female and 4 (14.8%) male
patients had mild deficiency, 47(41.6%) female and
14 (51.9%) male patients had moderate deficiency
while 40 (35.4%) female and 9 (33.3%) male patients
had severe deficiency of Vitamin D3. However,
there was no significant difference between the
baseline Vitamin D3 levels of either gender. The
mean + SD 25-hydroxycholecalciferol levels at
baseline, 4 weeks, and 12 weeks after completion
of freatment were 14.4+6.69 ng/dl, 62.04+21.88
ng/dl, and 27.24+7.84 ng/dl respectively. At 4
weeks after completion of freatment,127 patients
had recovered from Vitamin D3 deficiency of
which102 (90.3%) were female and 25 (92.6%) were
male patients while, at 12 weeks 43 patients main-
tained normal levels of the vitamin D of which 34
(30.1%) were female and only 9 (33.3%) were male
patients (Table 1).
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Table 1: Distribution of Vitamin D3 deficiency
according to Gender at Baseline, 4th, and 12th
week of treatment.

Gender | Mild Deficiency | Moderate Deficiency| Severe Deficiency
(21-30 ng/dl) (10-20 ng/dl) (<10 ng/dI)
At Baseline
Male 4 (14.8%) 14 (51.9%) 9 (33.3%)
Female| 26 (23.0%) 47 (41.6%) 40 (35.4%)
p =0.539
At 4 weeks
Normal Mild Deficiency | Moderate Deficiency
(>30 ng/dl) (21-30 ng/dl) (10-20 ng/dl)
Male | 25 (92.6%) 2 (7.4%) 0 (0.0%
Femalg 102 (90.3%) 9 (8.0%) 2 (1.8%)
p =0.779
At 12 weeks
Normal Mild Deficiency | Moderate Deficiency
(>30 ng/dl) (21-30 ng/dl) (10-20 ng/dl)
Male 9 (33.3%) 14 (51.9%) 4 (14.8%)
Female| 34 (30.1%) 63 (55.8%) 15 (13.3%)
p =0.938

One-month post-treatment levels of 25-hydroxy-
cholecalciferol were measured. It was found that,
45 (94%) patients in oral group, 38 (83%) patients in
Injection formulation given orally group and 44
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(96%) patients in Inframuscular injection group had
aftained normal vitamin D levels one-monthafter
freatment. Upon comparison, all three routes of
administration of Vitamin D were equally efficient
with no significant difference between the routes.-
Three months post-treatment of 127 patients who
had achieved the vitamin D levels >30ng/dl their
laboratory tests were repeated. It was found that
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only 15 (33%) patients in oral group, 11 (29%)
patients in Injection formulation given orally group
and 17 (39%) patients in Inframuscular injection
group had maintained their vitamin D levels within
the accepted normal range of >30 ng/dl. There was
no significant difference between the three routes
(Table 2).

Table 2: Patients with Normal Level of Vitamin D Intensity after 4 weeks and 12 weeks.

Vitamin D Oral Group Injection Formulation Inframuscular Total
levels (n=48) Given Oral Group Injection Group (n=140)
(n=46) (n=46)
>30 ng/dl 45 (94%) 38 (83%) 44 (96%) 127 (91%)
<30 ng/dl 3 (6%) 8 (17%) 2 (4%) 13 (9%)
p-value = 0.06
Vitamin D Oral Group Injection Formulation Inframuscular Total
levels (n=45) Given Oral Group Injection Group (n=127)
(n=38) (n=44)
>30 ng/dl 15 (33%) 11(29%) 17 (39%) 43 (34%)
<30 ng/dl 30 (67%) 27 (71%) 27 (61%) 84 (66%)
p-value =0.64
DISCUSSION study, there was no significant difference between

The current study evaluated the efficiency of three
different routes and found that all routes of adminis-
fration was equally effective (whether it is oral
formulation, Injection formulation given orally, or
inframuscular injection regimens) in freafing vitamin
D deficiency. It also showed that the selected
protocol for replacement was adequate in correct-
ing vitamin D deficiency. At one month after com-
pletion of the freatment, the majority of the patients
had attained normal Vitamin D levels. However,
three-month post-tfreatment results showed signifi-
cantrecurrence of vitamin D deficiency among the
patients. Our study showed no significant differ-
ence among the three different routes for adminis-
fration of 25-hydroxycholecalciferol in patients with
deficiency.

In a similar study conducted on elderly patients with
vitamin D deficiency, the efficacy of oral and
inframuscular routes was compared and assessed .
It was reported that a single large dose of Vitamin
D3 was sufficient to significantly increase vitamin D
levels with the majority of the patients reaching
adequate levels by the end of the study. It was
reported that both routes of administration were
equally effective and safe, but Inframuscular injec-
fion route was found more effective in maintaining
25-hydroxycholecalciferol levels . In the present

the efficacies of the three different routes of admin-
istration. This could be explained by the amount of
each dose prescribed and by patient compliance.
Another theory to support this observation,
proposed by Mawer et al. is that oral dose is associ-
ated with lipoproteins, it enters the hepatic circulo-
fion to be metabolized by hepatic 25-hydroxylase
while remaining product is inactivated'?. This can
explain the greater but more fransient serum 25-hy-
droxycholecalciferol increase after a single oral
dose of Vitamin D3.

In another randomized clinical trial, 92 participants
with vitamin D deficiency were assigned o receive
300,000 IU of vitamin D3, either orally in six divided
doses during 3 months period or as a single
Inframuscular injection'®. Similar to our study, it also
concluded that both treatment regimens signifi-
cantly increased the serum 25-hydroxycholecalcif-
erol level. However, the change in vitamin D levels
at month 3 were significantly higher in oral than the
Inframuscular injection group (p=0-03). Whereas, in
our study the levels reduced significantly by the
12th week on follow-up irrespective of the route of
administration. This could be because the study in
question, distributed the amount of oral medicine
info six equal dosages, which may have taken up
more time fo metabolize as compared to a single
dose of Inframuscular injection.
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In the present study, the vitamin D levels were meao-
sured at 4 and 12 weeks affer completion of the
freatment regimes. We report that while all three
administrative routes were equally effective none
of the routes could maintain the vitamin levels
among the patients. It was observed that 12 weeks
after complete replacement majority of participant
developed Vitamin D deficiency again. The mean
vitamin D3 level had fallen from 62.04+21.88 ng/dl
at week 4 to 27.24+7.84 ng/dl by week 12 after last
dose of vitamin D3. This is in contrast to a study
conducted in India in 2017, where a dose of 60,000
IU cholecalciferol (Vitamin D3), given weekly per
oral over a period of 5 weeks was compared to a
single dose of 300,000 IU given as an Inframuscular
injection of Vitamin D3.

It was reported that both oral and Inframuscular
injection routes are equally effective for treating
the vitamin deficiency, however, a single dose of
300,000 IU given inframuscularly provided a more
sustained increase from baseline'. This could be
because of the deposition of dose at the site of
Inframuscular injection which results in a slow but
steady response!'®. Similar results were reported in
Italy, where researchers evaluated the long-term
bioavailability and efficacy of a single high dose of
vitamin D3 prescribed either orally or as Inframuscu-
lar injection. It was reported that, the oral dose of
600,000 IU of vitamin D was initially more effective in
increasing serum 25-hydroxycholecalciferol levels
as compared to an equivalent Inframuscular injec-
fion dose but was rapidly metabolized and inacti-
vated by the body'¢.

A local study of 2015, evaluated the different doses
of Vitamin D prescribed to deficient patients with
comparison of oral and intramuscular routes of
administration. It was revealed that vitamin D
deficiency was corrected in more than 70% of
participants with a single dose of either 600,000 or
200,000 IU prescribed per oral or as Inframuscular
injection'. One factor that gives this study superiori-
ty over all others is that none of the previous studies
has used injection formulation through oral route. To
the best of our knowledge, this is the first study that
has compared the efficacy of administering Injec-
fion formulation given orally in patients with vitamin
D3 deficiency.

Few limitations of our study are a shorter follow-up
fime i.e. 12 weeks and a small sample size. More
rescarch and dafa is needed to draw any
evidence-based conclusion regarding the safety,
efficacy, and the dose of vitamin D to be
prescribed for the treatment of deficiency.

CONCLUSION

In short, all three routes (Oral, Injection formulation
given orally and Inframuscular injection) of adminis-
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fration of vitamin D supplement in vitamin deficient
patient had the same efficacy with no significant
advantage over each other. Further research can
shed more light onto this matter.
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