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Abstract

Objectives Most authorities recommend daily supplementation of 400 IU vitamin D for all term healthy neonates throughout
infancy, however this dose was shown to be inadequate in an earlier study from our institution. We planned to evaluate if
supplementation of 800 IU/day in term Indian infants would reduce the prevalence of vitamin D insufficiency (VDI) at
6 months of age.

Methods In a prospective study, we supplemented 800 IU/day of vitamin D in 70 term infants from birth till 6 months of
age. Serum 25-hydroxy cholecalciferol [25(OH)D] was measured at birth and 6 months for all infants; and at 6, 10 and
14 weeks of age in subsets of 23 infants each. The primary outcome was prevalence of VDI (defined as serum 25(OH)D
level <50 nmol/L) at 6 months of age.

Results A total of 58 out of 70 (83%) infants were followed up until 6 months of age. The median (nmol/L; IQR) serum 25
(OH)D at birth and 6 months of age was 25 (12.5-35) and 92.5 (72.5-137.5), respectively. The prevalence of VDI at birth
was 91.3% (63/69), which reduced to 6.9% (4/58) at 6 months of age. However, four infants (6.9%, 95% CI 1.9-16.7)
developed vitamin D excess (serum 25(OH)D 250-375 nmol/L) requiring reduction of the dose of supplementation. No
infant developed vitamin D toxicity (serum 25(OH)D > 375 nmol/L).

Conclusions Daily supplementation of 800 IU of vitamin D resulted in vitamin D sufficiency in most term healthy infants at
6 months of age but with potential risk of toxicity.

Introduction

Vitamin D is a fat-soluble vitamin important for skeletal
development and associated with many non-skeletal health
outcomes [1]. Despite this recognized importance, there is a
lot of controversy over the definition of optimal vitamin D
status. The US Endocrine Society defines a 25-hydroxy
vitamin D [25(OH)D] level more than 75 nmol/L as the
optimal level, while the Institute of Medicine sets this cut-
off at 50 nmol/L [2, 3]. Trrespective of the definition, there is
a widespread prevalence of vitamin D deficiency (VDD)
across all ages and all parts of the world, including pregnant
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mothers and their infants [4—6]. This is even truer and more
prevalent in tropical countries like India [7, 8].

Breast milk from mothers not receiving any vitamin D
supplementation or adequate sunlight exposure contains
only 20-60 IU of antirachitic activity, insufficient to meet
the requirements of the infant [9]. Subsequently there have
been various recommendations on vitamin D supple-
mentation in infants and children. While most of the
authorities recommend a dose of 400 [U/day for breastfed
infants, the US Endocrine committee has suggested the
intake of 400-1000 IU/day under 1 year of age based on its
definition of a higher optimal vitamin D level [2, 6, 10, 11].
Studies comparing different doses of vitamin D in infants
have reinforced the need for supplementation but these
studies also show the inadequacy of 400 IU/day in some
populations and the need for higher doses to achieve vita-
min D sufficiency [12—14]. Given the higher prevalence of
VDD, darker skin and higher breastfeeding rates in India,
the optimum dose for vitamin D supplementation is likely to
be higher, as was shown in an earlier study from our
institution by Deepti et al. (unpublished data). In this study
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(personal communication), VDI was found in 52% of 111
infants at 14 weeks of age despite daily vitamin D supple-
mentation with 400 IU. However the national guidelines in
India recommend a dose of 400 IU/day for infants, like most
other guidelines, which is likely to be inadequate [15, 16].
Therefore, we planned this prospective study to evaluate the
efficacy of supplementation of 800IU/day vitamin D in
term healthy breastfed infants. The primary objective was to
determine the prevalence of vitamin D insufficiency (VDI
defined as 25(OH)D <50 nmol/L) at 6 months of age in
term healthy breastfed infants supplemented with 800 IU of
oral vitamin D per day starting from birth.

Methods
Subjects and setting

We conducted this prospective interventional study in a
tertiary care hospital in North India between November
2014 and September 2015. All term infants born with a
birth weight of 2500 g or more were eligible for inclusion in
the study. Infants with major malformations, severe birth
asphyxia (defined as Apgar score of less than 4 at 5 min or
need for chest compressions) or need for NICU stay for
more than 48 h were excluded. Informed written consent
was obtained from the parents before enrolment. The study
was approved by the Institute Ethics Committee of AIIMS,
New Delhi.

Intervention

Cord blood sample was drawn at birth from the infants for
estimation of serum 25(OH)D, parathyroid hormone (PTH),
calcium, phosphorus, and alkaline phosphatase (ALP)
before starting intervention. All enrolled infants were star-
ted on vitamin D supplementation with 800 IU (1 mL) of
vitamin D drops (CalShine P drops from Eris Lifesciences
Pvt Ltd, Ahmedabad, Gujarat, India) within 48 h of birth.
The method of administration of drops and measurement
using the dropper provided with the supplement was
demonstrated to the mother and care givers by the principal
investigator. At discharge, mothers were counselled for
exclusive breastfeeding and asked to maintain a compliance
sheet with a calendar which were given for ensuring daily
administration of the vitamin D drops. The infants were
called for four follow-up visits at 6, 10, 14 weeks, and
6 months of age, first three of which were combined with
their routine immunisation visits, to avoid extra trips to the
hospital. Parents were re-enforced about the importance of
vitamin D supplementation and timely follow-up at each
visit. Telephonic reminders were employed to ensure
compliance and follow-up at each visit. Compliance sheet

was checked for any missed doses and vitamin D drops
were provided for the duration till further follow-up.

Outcome variables

The primary outcome variable was prevalence of VDI
(defined as 25(OH)D <50 nmol/L) at 6 months of age.
Secondary outcomes included the following: serum levels
of calcium, phosphorus, alkaline phosphatase, and para-
thormone at 6 months of age; the proportion of infants with
vitamin D excess at each sampling time point; and the
postnatal age at which the steady-state concentration of 25
(OH)D was attained in supplemented infants. VDI was
defined as serum 25(OH)D <50 nmol/L, VDD as levels <
30nmol/L, and vitamin D excess as levels of 250-375
nmol/L [3, 17].

Outcome measurement

Blood samples were transported with ice packs immediately
to the lab and cold centrifuged at 4 °C, at 3000 rpm for 15
min using the Heraeus multifuge X1R (Thermo scientific,
United states). The serum was aliquoted, analysed for 25
(OH)D and PTH the same day and the remaining sample
was stored at —20 °C for the analysis of calcium, phos-
phorus and ALP. Serum 25(OH)D was assayed by an
autoanalyzer (DiaSorin Liaison, Stillwater, MN) using a
chemiluminescent tracer, with a measuring range of 10-375
nmol/L. Serum PTH levels were estimated by using elec-
trochemiluminometric assay using Cobas e411 (Roche
Diagnostics, Basel, Switzerland) autoanalyzer, with a
measuring range of 1.2-5000pg/mL. Serum calcium,
phosphate and alkaline phosphatase were measured by
colorimetric method on Roche Modular P§00 auto analyser
(Roche diagnostics, Germany).

Statistical analysis

Data was entered in a predesigned proforma in MS Access
2013 (Microsoft corp, Redmond, CA). Statistical analysis
was performed by using Stata 11.2 version (StataCorp,
College Station, TX). Continuous data were expressed as
means and SDs or medians with ranges, whereas categorical
variables were expressed as proportions. Paired ‘¢ test was
used for the analysis of continuous variables that were
normally distributed, whereas Wilcoxon signed rank test
was used for skewed data. Categorical variables were ana-
lysed by using McNemar test.

Sample size

In an unpublished study from our centre (personal com-
munication) on vitamin D supplementation with 400 IU,
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VDI was found in around 50% of the infants at 3 months of
age. We assumed a prevalence of VDI to be around 20% in
Indian infants after being supplemented with 800 IU of
vitamin D at 6 months. With the estimated prevalence of
20%, absolute precision of 10%, alpha error of 5%, the
required sample size is calculated to be 63. We planned to
enrol 70 infants to account for loss to follow-up. For
determining steady state age, we planned to estimate serum
25(0OH) D levels at additional 3 time points, i.e., at 6, 10 and
14 weeks. However, to minimize the number of blood
samplings, we randomly divided sample population into
3 subsets (n =23, 23 and 24) and measured serum 25(OH)
D levels at 6 weeks (in subset 1), 10 weeks (in subset 2) and
14 weeks (in subset 3) along with 25(OH) D levels at birth
and 6 months for all infants.

Results

Out of 643 live births during the study period, 490 were
born at term gestation. However, we could not obtain cord
blood samples in 178 infants (solely done by principal
investigator while being posted in delivery area) while
consent was denied by parents in 182 cases (who expressed
difficulty in follow-up either due to distance, transport
facilities or social reasons). After excluding 60 infants based
on pre-specified exclusion criteria, we enrolled 70 infants in
the study (Fig. 1). A total of 68, 67, 65 and 58 babies

643 births during the period
490 term babies screened

|
I

70 were enrolled
Demographic data, examination at birth done,
cord blood sample taken*

|

st
1 follow up: 6 weeks
Completed follow up - 68 (97%)*

l

nd
2 follow up: 10 weeks
Completed follow up - 67 (96%)*

|

rd
3 follow up: 14 weeks
Completed follow up- 65 (93%)*

th
4 follow up: 6 months
Completed follow up- 58 (83%)*

420 infants ineligible
Cord sample missed- 178
Refused consent- 182

Excluded- 60 (22 -Major
congenital malformations,
38 - NICU stay > 48 hrs)

Loss to follow up - 12
No response: 4

Refusal to come: 6

Out of station: 2

Fig. 1 Study flow. *All infants underwent 25(OH)D estimation at birth
and 6 months, while 25(OH)D was estimated in pre-defined subsets of
infants who completed follow-up at 6 weeks (subset 1, 21/23 infants),
10 weeks (subset 2, 20/23 infants) and 14 weeks (subset 3, 23/24
infants)
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Table 1 Clinical characteristics of mothers and their infants at
enrolment

Maternal characteristics (n =70) Result
Age (in years) 27.6+5.0
Weight (kg) 56+12
Height (cm) 157+6
Vegetarian 35 (50%)
Calcium/vitamin D 70 (100%)
supplementation during
pregnancy
1000 mg/500 TU* 66 (94.3%)
500 mg/250 TU* 3 (4.3%)
1000 mg/1500 TU*® 1 (1.4%)
Duration of intake (days) 163 +28
Education
Higher secondary or less 31 (44.3%)
Graduation or more 39 (55.7%)
Employed outside home 8 (11.4%)

Monthly family income (INR) 17,000 (10,000-180,000)

Infant characteristics (n = 70)

Gestational age (weeks) 38 (37-39)

Male gender 36 (51.4%)
Intrauterine growth category

Appropriate for gestational 63 (90%)

age

Large for gestational age 7 (10%)
Anthropometry at birth Measured Z score

value
Weight (g) 2976 £315 —0.8 [(—1.3)-
(=0.3)]

Length (cm) 494+1.6 -0.1 [(-0.6)-0.6]
Head circumference (cm) 33.6+0.9 -0.4 [(-0.8)-0.1]
Breast feeding at discharge

Exclusive 66 (94.3%)

Predominant 4 (5.7%)

Data expressed as mean + SD, median (range) or n (%)
Refers to the doses of calcium and vitamin D, respectively

®One mother received 60,000 IU/wk for 4 weeks, vit D figure depicts
daily dose estimated over 163 days

completed the 6 week, 10 week, 14 week and 6 month
follow-up, respectively, out of which 25(OH)D levels were
estimated in 21 (subset 1 at 6 weeks), 20 (subset 2 at
10 weeks), 23 (subset 3 at 14 weeks) and 58 infants at
6 months. The follow-up rates among subsets 1, 2 and 3 at
6 months of age were 83% (19/23), 87% (20/23) and 79%
(19/24) respectively.

Baseline characteristics

The mean gestational age of the enrolled infants was
38 weeks and their mean birth weight was 2976 g (315 g)
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Table 2 Vitamin D status in

. t P .
infants at birth and 6 months of arameter

Birth (n = 69%) 6 months (n=58)

age Vit D deficiency (<30 nmol/L)

Vit D insufficiency (30—49 nmol/L)°
Vit D sufficiency (50-250 nmol/L)

Vit D excess (>250 nmol/L)

47, 68.1% (55.8-78.8)
16, 23.2% (17.8-28.5)
6, 8.7% (3.2-18.0)

0, 0%

2, 3.4% (0.4-11.9)
2, 3.4% (0.4-11.9)
53, 91.4% (81.0-97.1)
1, 1.7% (0.04-9.2)°

Data expressed in numbers, proportions and 95% CI for proportions

4One serum sample was hemolysed out of 70 samples

®However, vitamin D insufficiency was defined as 25(OH)D < 50 nmol/L for the study, therefore including
infants with vitamin D deficiency as well

“Additionally, there were three other infants who developed vitamin D excess during follow-up, at 6, 10 and
14 weeks each whose supplementation doses were decreased to 400 [U/day. None of them had vitamin D

excess at 6 months

Table 3 Biochemical markers of vitamin D status at birth and
6 months

Parameter Birth (n=69) 6 months (n =58)
Serum 25(OH)D (nmol/L) 25 (12.5-35)  92.5 (72.5-1317.5)
Serum parathormone (pg/ mL) 4.4 (3.2-6.2)  29.9 (23.1-39.2)
Serum calcium (mg/dL) 9.5 (=0.9) 9.8 (x1.1)

Serum phosphorus (mg/dL) 8.1 (£3.9) 6.5 (£1.5)

Serum alkaline phosphatase 387 (x166) 581 (x165)

(U/L)

Data expressed as mean + SD or median (IQR)

(Table 1) . One mother received 60,000 IU of vitamin D
weekly for 4 weeks during pregnancy. About three-fourths of
mothers continued calcium and vitamin D supplements dur-
ing lactation up to 6 weeks postpartum which fell down to
56% at 14 weeks and 41% at 6 months follow-up. More than
90% and 80% of the infants were exclusively breast fed at
discharge and at 6 months, respectively. There was a good
compliance rate with vitamin D supplementation in most of
the infants who were followed up till 6 months of age with
only 5% of doses missed during follow-up period.

Primary outcome

The proportion of infants with VDI was significantly lower
at 6 months of age in comparison at birth (6.9% vs. 91.3%;
relative risk 0.08, 95% CI: 0.03-0.19; P <0.001). Serum 25
(OH)D levels at 6 months were significantly higher com-
pared with the levels at birth (median [IQR]: 92.5
[72.5-137.5] vs. 25 [12.5-35] nmol/L; P <0.001) (Table 2).

Secondary outcomes
Markers of vitamin D status
The median serum PTH at birth was 4.4 (3.2-6.2) pg/mL

with no infant having hyperparathyroidism, while at
6 months, the median level was 29.9 (23.1-39.2) pg/mL

with four infants having hyperparathyroidism (PTH > 65 pg/
mL). There were no incidence of hypocalcemia at birth
while one infant had hypocalcemia (7.7 mg/dL) at
6 months, without any symptoms or deranged parameters
(25(OH)D 120 nmol/L, PTH 27 pg/mL), possibly depicting
normal variation in serum calcium levels. The mean phos-
phorus level was 8.1 mg/dL at birth and 6.5 mg/dL at
6 months of age, reflecting the normal higher values of
phosphorus in cord blood (Table 3).

Vitamin D excess

There were four different infants with vitamin D excess
during 6 month follow-up, one each at 4 time points, i.e., at
6 (1/21), 10 (1/20) and 14 weeks (1/23) and at 6 months (1/
58). The maximum vitamin D level was 270 nmol/L; none
of the infants developed vitamin D toxicity. The vitamin D
doses were modified when vitamin D level was found to be
in the excess range, decreasing it to 400 IU/day for rest of
the follow-up period. Post hoc analysis was performed to
look for any factors leading to vitamin D excess in four
infants and their biochemical parameters of vitamin D status
including hypercalcemia. None of the four infants devel-
oped hypercalemia and there was no significant difference
in maternal vitamin D supplementation during pregnancy or
lactation or any postnatal sunlight exposure. The infant
whose mother received weekly 60,000 IU vitamin D for
4 weeks did not have any vitamin D excess at birth (22.5
nmol/L), 14 weeks (35 nmol/L) or at 6 months of age (30
nmol/L).

Post natal age at which steady state is reached

The median serum 25(OH)D was determined at different
time points in three subsets of infants. The maximum
concentration was attained at 6 weeks of age, i.e., 130 nmol/
L with somewhat steady but declining values at subsequent
follow-ups (Fig. 2).
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250

200

150 130 (21)

100

25(0H)D*, nmol/L

50

14 weeks 6 months

10 weeks

Birth 6 weeks

Fig. 2 Vitamin D levels at various time points during follow-up. *25
(OH)D values (median) are depicted as dots and inter-quartile ranges
as errorbars at various timepoints during follow up estimated at birth
(in 69 infants), 6 weeks (in 21 infants), 10 weeks (in 20 infants),
14 weeks (in 23 infants) and 6 months (in 58 infants). The figures in
the graph stand for median 25(OH)D values in nmol/L while figures in
parentheses stand for the number of infants who underwent 25(OH)D
estimation at various timepoints

Discussion

In our study, we found that infants at 6 months of age with
daily supplementation of 800 IU of vitamin D, had vitamin
D insufficiency up to 6.9%. There was a significant
improvement in the median vitamin D level from 25
(12.5-35) nmol/LL at birth to 92.5 (72.5-137.5) nmol/L at
6 months (p<0.001), which was above the level of 50
nmol/L which is considered sufficient. While the prevalence
of vitamin D deficiency (<30nmol/L) decreased from
68.1% at birth to 3.4% at 6 months and most of them (91%)
were in the sufficiency range, four infants developed vita-
min D excess (>250 nmol/L) during 6 months follow-up.
These results clearly show that a daily dose of 800 IU
achieved target serum vitamin D level > 50 nmol/L. in more
than 90% of infants but is associated with a potential risk of
vitamin D toxicity.

Though there are many studies showing a high prevalence
of VDD at 3 months in Indian infants without supple-
mentation, there are a few Indian studies in normal birth
weight infants with vitamin D supplementation [7, 8, 16].
Ours would be the first Indian study to have looked into the
effect of 800 IU vitamin D supplementation in term infants.
This high prevalence of VDD in infants can be attributed to
the high baseline vitamin D-deficient status of the pregnant
lady [18]. Concordance between the maternal and infant
vitamin D levels have been well established in multiple stu-
dies, though we did not record the maternal vitamin D levels
[8, 19].

There are many studies on vitamin D supplementation in
infants over the world trying to establish the adequate dose
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of supplementation with widely varying, even contradictory
results. While some conclude that 800 IU/day is sufficient
[12—-14], others suggest that 400 IU or even lesser may be
adequate [20-22]. These discrepant results can possibly be
explained by the wide variation between studies in terms of
the population studied, race and skin colour of the enrolled
infants and varying breastfeeding rates. We found vitamin
D deficiency (<30 nmol/L) in two infants at 6 months, but
there were no clinical features suggestive of rickets. Only
one of them had elevated PTH levels while none of them
had hypocalcemia. Comparing the results of an earlier study
from our institute (unpublished data), in term infants with
similar vitamin D status at birth, 800 IU definitely proved to
be more efficacious than 400 IU as a daily dose for sup-
plementation, achieving sufficiency in 91% of the infants
compared to only 52%, respectively. However 800 IU was
associated with incidences of vitamin D excess which was
not detected in any of the infants receiving 400 IU daily.

In our study, four infants developed vitamin D excess
(>250 nmol/L) during 6 months, each occurring at different
ages but none of the infants had hypercalcemia at the time
of vitamin D excess. These findings are similar to those in
other studies of vitamin D supplementation in infants which
have shown doses upto 1200 IU, though causing vitamin D
excess, do not cause hypercalcemia [12, 13]. Vitamin D
dose was reduced to 400 IU, for each of infants with vita-
min D excess, in order to bring down their vitamin D levels
to normal range.

Ours was the first study trying to evaluate the postnatal
age at which the steady-state concentration of 25(OH)D was
achieved during supplementation in infants which con-
cluded this age to be within first 6 weeks since there was no
increase in vitamin D levels after 6 weeks. However studies
in healthy adults have determined this period to be-13 weeks
which probably reflects different pharmacokinetics in
infants with different hepatic maturity [23, 24]. Con-
centrations of 25(OH)D declined during follow-up in all
subsets. This decline may be due to decreased adherence
but it appears more likely due to increasing need of vitamin
D dose as body weight increases. This pattern is consistent
with data from other infant supplementation trials suggest-
ing the need for a vitamin D dose per kilogram in this age
group [12, 13].

We acknowledge certain limitations in our study.
Though adequate efforts were made to ensure a good rate of
follow up, by repeated reminders and clubbing study visits
with immunization visits, follow up rate at 6 months was
83%. Maternal vitamin D levels were not measured at birth
or follow up and thus a correlation between maternal and
infant levels were not possible. As high level of vitamin D
deficiency in pregnant and lactating mothers has been well
established in multiple studies from India prior to ours, we
presumed it was unnecessary to repeat the same [18, 19].



Efficacy of daily supplementation of 800 IU vitamin D on vitamin D status at 6 months of age in term... 1571

Some of the risk factors for deficiency such as sun exposure
of mothers during pregnancy and lactation, details of dietary
calcium, phytate and vitamin D intake of mothers were not
recorded. We were unable to do any meaningful analysis of
the effect of sunlight exposure on vitamin D level, however
this is unlikely to play a significant role in achieving opti-
mal serum levels alone [16]. Testing for features of vitamin
D excess in the form of urinary calcium creatinine ratio or
ultrasonographic evaluation for nephrocalcinosis was not
carried out as there were no incidences of vitamin D toxicity
(>375 nmol/L) or hypercalcemia [2]. Finally we did not
study the effects of vitamin D deficiency or supplementation
on bone mineralization.

Conclusion

A daily supplementation of 800 IU/day of oral vitamin D
resulted in vitamin D sufficiency in most term healthy infants
at 6 months of age. However, a small but significant pro-
portion of infants developed vitamin D excess requiring dose
modification. Given the potential risk of toxicity in a few
infants and a possible risk of insufficiency in a few others,
supplementation of 800IU/day oral vitamin D cannot be
universally recommended. Alternative approaches including
correction of vitamin D deficiency at birth by appropriate
bolus dose followed by routine supplementation with a lower
dose (400-600 IU) should be explored as a possible strategy
to achieve vitamin D sufficiency in infants.
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