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abstractBACKGROUND AND OBJECTIVES: Many preterm and low birth weight (LBW) infants have low
vitamin D stores. The objective of this study was to assess effects of enteral vitamin D
supplementation compared with no vitamin D supplementation in human milk fed preterm or
LBW infants.

METHODS: Data sources include Cochrane Central Register of Controlled Trials, Medline, and
Embase from inception to March 16, 2021. The study selection included randomized trials.
Data were extracted and pooled with fixed and random-effects models.

RESULTS: We found 3 trials (2479 participants) that compared vitamin D to no vitamin D. At
6 months, there was increase in weight-for-age z-scores (mean difference 0.12, 95%
confidence interval [CI] 0.01 to 0.22, 1 trial, 1273 participants), height-for-age z-scores (mean
difference 0.12, 95% CI 0.02 to 0.21, 1 trial, 1258 participants); at 3 months there was
decrease in vitamin D deficiency (risk ratio 0.58, 95% CI 0.49 to 0.68, I2558%, 2 trials, 504
participants) in vitamin D supplementation groups. However, there was little or no effect on
mortality, any serious morbidity, hospitalization, head circumference, growth to 6 years and
neurodevelopment. The certainty of evidence ranged from very low to moderate. Fourteen trials
(1969 participants) assessed dose and reported no effect on mortality, morbidity, growth, or
neurodevelopment, except on parathyroid hormone and vitamin D status. No studies assessed
timing. Limitations include heterogeneity and small sample size in included studies.

CONCLUSIONS: Enteral vitamin D supplementation improves growth and vitamin D status in
preterm and LBW infants.
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Many preterm and low birth weight
(LBW) infants have low vitamin D
stores because of insufficient
accretion during gestation.
Postnatally, intake from mother’s
milk or from sunlight may not be
sufficient to maintain or increase
vitamin D stores in preterm and
LBW infants.1,2 Preterm infants also
have immature intestinal vitamin D
absorption and metabolism.3,4

Vitamin D increases intestinal
absorption of calcium and phosphorus
and enhances bone mineralization.5

Vitamin D deficiency is associated
with increased risk of hypocalcaemic
seizures, irritability rickets, bone
fractures, osteopenia, metabolic
bone disease, and respiratory and
diarrheal disease.6,7 Vitamin D
deficiency is also associated with
pulmonary function deficits,8 impaired
neurodevelopment,9,10 and reduction
of bone mass in children and young
adults, resulting in early development
of osteoporosis.11,12 In the neonate,
low vitamin D levels are also
associated with impaired immune
function.13

A systematic review published in
2020 reported improvements in
vitamin D biomarkers (vitamin D
levels, calcium levels, and
parathyroid hormone) in preterm
infants who received vitamin D
supplementation.14 An ongoing
Cochrane systematic review is
assessing the effect of any
formulation (oral or parenteral) of
vitamin D at a daily cumulative dose
at 200 IU compared with no
supplementation or placebo in
preterm or LBW infants.15

Our primary objective was to assess
the effect of enteral vitamin D
supplementation compared with no
vitamin D supplementation on
mortality, morbidity, growth, and
neurodevelopment in preterm or
LBW infants who are fed their
mother’s own milk or donor human
milk. We also assessed effects on

biomarkers (vitamin D, calcium,
phosphorous, alkaline phosphatase,
and parathyroid hormone levels).
The secondary objectives were to
determine the optimal time of
initiation, dose, and duration of
vitamin D supplementation.

METHODS

Registration

The protocol for this review was
registered in PROSPERO (PROSPERO
2021 CRD42021238989).16

Inclusion Criteria

We selected studies that were either
randomized controlled trials (RCTs)
and nonrandomized trials (quasi-
randomized) in which preterm or
LBW infants fed their mother's own
milk or donor human milk were
either allocated to receive enteral
vitamin D supplementation or
compared with a control group
(placebo or no drug). Data comparing
dosage, duration, and timing of
initiation were also included.
Studies in which enteral vitamin D
supplementation was provided for
treatment of any disease were
excluded.

Search and Extraction

A comprehensive search (Appendix 1)
strategy was developed and reviewed
by all authors. The search was
conducted from the inception of each
database to the date of search
(16th March 2021) and included
the Cochrane Central Register of
Controlled Trials (CENTRAL; 2021,
Issue 2), Medline via PubMed, and
Embase. There were no language
restrictions.

Two review authors (M.K., S.S.)
screened the titles and abstracts and
extracted data using standard
methods.17 Disagreements were
resolved by discussion or referring
to a third review author (R.C.).
Screening and full text screening
were done using the web-based

software, Covidence.18 A modified
version of the Cochrane Effective
Practice and Organization of Care
Group data collection checklist was
used (Cochrane EPOC Group
2017).19

Risk of Bias

Two review authors (M.K., S.S.)
independently assessed the risk of
bias of all included trials using the
Revised Cochrane risk-of-bias tool
for randomized trials (RoB 2).20 We
planned to use funnel plots and
Egger’s tests for all outcomes with
more than 10 studies.21

Statistical Analysis

The outcomes for this review were
categorized into primary and
secondary (Appendix 2). For each
outcome, studies were pooled at
latest follow-up if more than 1 study
was available. If a single study
reported an outcome, the individual
study effect size was reported. The
unit of analysis was the infant.

We used relative risk (RR) and
mean difference (MD) as outcome
estimate measures for categorical
and continuous outcomes,
respectively and used adjusted RR
or MD where reported. For studies
with multiple treatment groups of
the same intervention (eg, different
doses of vitamin D), we pooled the 2
treatment arms. Mean (standard
deviation [SD]) and RR were
calculated after combining the
estimates and events in the
intervention group.17

We used fixed-effect meta-analysis
(inverse variance method) to pool
data when it was reasonable to
assume that studies were estimating
the same underlying treatment
effects. Pooled estimates of outcomes
variables showing I2 > 50% were
calculated using random effects using
Restricted Maximum Likelihood
Method models.22
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We conducted subgroup analyses
based on gestational age, birth
weight, and income level of the
country (high income, middle
income, and low income) for the
primary outcomes.

The certainty of the evidence for each
outcome was assessed independently
by 2 review authors using the Grading
of Recommendations Assessment,
Development and Evaluation
(GRADE).23 We used GRADEPro GDT,
a web-based tool to create a
“Summary of Findings” table to report
the certainty of the evidence.24

RESULTS

We found 577 studies (see PRISMA
flowchart, Appendix 3). After removing
duplicates, title, abstract and full text
screening, we included 16 trials (20
reports),25–44 from 8 countries
(Canada, Egypt, Finland, India, Iran,
Israel, Turkey, and USA) reporting on
4348 infants (Appendix 5).25–44

Overall, 20% studies had low risk of
bias, 25% some concerns and 55%
high risk of bias (Appendix 4). A total
of 62 studies were excluded in this
review (Appendix 6).

Primary Comparison (vitamin D
supplementation versus no vitamin
D supplementation)

There were 3 trials (5 reports)
including 2479 infants from
India and USA that compared
vitamin D supplementation to no
supplementation (Appendix 5). One
trial included 2079 infants (84%)
from India. The dose of vitamin D
supplementation ranged from 200
IU to 800 IU per day in these
trials. Vitamin D supplementation
commenced between birth to 7 days
postnatal age. The mean duration of
supplementation was 17.2 (SD 12.0)
weeks, the median was 26 (inter
quartile range [IQR] 4 to 26) weeks.
The comparator group was placebo
for all trials. In 1 trial the babies
received additional multivitamins in
both arms.

Data on the effect of vitamin D
compared with no vitamin D
supplementation on the primary
outcomes are summarized in Table 1
(also see Appendices 8–12). At latest
follow-up the RR for mortality was
1.81 (95% CI 0.92 to 3.56, I2 5
0.00%, low certainty evidence, 2
trials, 2179 participants)33,42; the RR
for hospitalization was 0.84 (95% CI
0.42 to 1.66, I2 5 77.9%, very low
certainty evidence, 2 trials, 1468
participants)34,38; the RR for
bronchopulmonary dysplasia (BPD)
was 0.77 (1 trial, 100 participants, RR
0.77, 95% CI 0.47 to 1.27, very low
certainty evidence)32; and the RR for
any (at least 1) serious morbidity was
0.94 (95% CI 0.72 to 1.24, I2 5
76.9%, very low certainty evidence, 2
trials, 2179 participants) (Table
1).32,33

At 6 months, the mean difference
(MD) in weight-for-age z-scores was
10.12 z-scores (95% CI 0.01 to
0.22, moderate certainty evidence, 1
trial, 1273 participants), the MD in
length-for-age z-scores was 0.12
z-scores (95% CI 0.02 to 0.21
moderate certainty evidence, 1 trial,
1258 participants), and the MD in
head circumference z-scores
was �0.08 (95%CI �0.17 to 0.01,
low certainty evidence, 1 trial, 1259
participants).33 At latest follow-up
(3 to 6 years) the MD in weight-for-
age z-scores was �0.07 z-scores
(95% CI �0.18 to 0.05, low certainty
evidence, 1 trial, 912 participants)34

and the MD in height for age
z-scores was 0.07 scores (95%
CI �0.05 to 0.19, low certainty
evidence,1 trial, 912 participants)
(Table 1).34

At latest follow-up (104 weeks) the
RR for cognitive impairment (Bayley
Scales of Infant and Toddler
Development, third edition <85)
was 0.85 (95% CI 0.45 to 1.59, 1
trial, 70 participants, low certainty
evidence),42 and the RR for
“neurodevelopmental impairment”
(see Appendix 2 for definition) was

0.69 (95% CI 0.41 to 1.17, very low
certainty evidence, 1 trial, 71
participants) (Table 1).42

At latest follow-up (mean 15, SD
15.6 weeks), the RR for vitamin D
deficiency (<20 ng/mL) was 0.58
(95% CI 0.49 to 0.68, I2 5 57.96%,
moderate certainty evidence, 2
trials, 504 participants).32,33 At 6
months the RR for serum alkaline
phosphatase (IU/l) was 0.37 (95%
CI 0.10 to 1.35, very low certainty
evidence, 1 trial, 265 participants)38;
at 3 and 6 months the RR for serum
calcium levels >10.7 mg/dL was
0.84 (95% CI 0.46 to 1.54, very low
certainty evidence, 1 trial, 269
participants) and 0.55 (95% CI 0.25
to 1.21, very low certainty evidence,
1 trial, 266 participants),
respectively. There were no data on
other biomarkers (ie, phosphorous
or parathyroid hormone). None of
the trials reported on any serious
adverse events, eg, hypercalcemia,
seizures, or other forms of toxicity
(Appendix 7).

There was no evidence of a
differential effect in the subgroup of
infants <32 weeks gestational
age or birth weight <1500 g
(Appendices 19–21).

Other Comparisons

We included 14 trials (17 reports,
1969 participants) from 8 countries
(Appendix 5) that compared high
(800 IU to 1600 international units
[IU]) versus low (400 IU) daily dose
vitamin D supplementation to
preterm or LBW infants. Sample
sizes were small, and evidence was
of very low certainty. No effects
were seen on mortality, morbidity,
or growth. There were no studies
that assessed effect on
neurodevelopment. At latest follow
up (mean 7.6, SD 2.9 weeks) the
MD in serum parathyroid hormone
(pg/mL) was �15.93 (95% CI �28.11
to �3.74, 5 trials, 372 participants,
low certainty evidence) and the RR
for vitamin D deficiency was 0.19
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(95% CI 0.06 to 0.63 very low
certainty evidence, 3 trials, 300
participants). No effects were
seen on calcium, phosphorous,
and alkaline phosphatase
(Appendices 13–18).

No studies were located that
compared timing of initiation
or duration of vitamin D
supplementation.

DISCUSSION

Our systematic review found
moderate certainty evidence of
increase in weight, length, and
reduction in vitamin D deficiency
during first 6 months of life in
human milk fed preterm or LBW
infants who received vitamin D
(200 IU to 800 IU per day).
However, we did not find any
effect on neurodevelopment,
serious morbidities (necrotizing
enterocolitis, BPD, all cause
hospitalization) in the vitamin D
supplementation groups. There
was very low to low certainty
evidence of reduction in serum
parathyroid hormone and vitamin
D deficiency status in the high dose
vitamin D (800 to 1600 IU)
supplemented groups. We also
found no evidence on early versus
late initiation of vitamin D
supplementation on critical
outcomes and serious adverse
events.

Similar to our findings, a recent
Cochrane review showed increase
in height-for-age z-score (MD 0.11,
95% CI 0.001 to 0.22) in term
infants at 6 months of age in the
vitamin D supplemented groups.45

However, another Cochrane review
did not show any effect on linear
growth in term breastfed infants
0 to 6 months of age.46 There have
been no published systematic
reviews of the effect of vitamin D
supplementation on growth among
preterm or LBW infants. Similar to
our findings, a systematic review

in preterm infants showed that
vitamin D supplementation
increased vitamin D concentration
(weighted mean difference:
29.4 nmol/L, 95% CI 17.9 to
41.0 nmol/L).14 To our knowledge
there has been only 1 systematic
review45 that has compared the
effects of higher versus lower dose
vitamin D supplementation. This
review reported that higher-dose
vitamin D supplementation (200 to
6000 IU daily; or up to 600 000 IU
bolus at enrolment) had little to no
effect on linear growth at 4 months
(MD 1.00, 95% CI �2.22 to 0.21; 5
studies, 283 participants), and
height for age z-scores at 7 months
(MD 0.40, 95% CI �0.06 to 0.86; 2
studies, 105 participants; low-
certainty evidence) compared with
a lower dose of vitamin D (100 to
1000 IU daily; or up to 300 000 IU
bolus at enrolment).

Our review had some limitations.
Five of the included reports had
“some concerns” and 11 reports
had high risk of bias because of
missing outcome data and bias in
measurement of outcomes.
There was also marked variability
in duration of vitamin D
supplementation and length of
follow-up, and small sample sizes
in the subgroup analyses. There
were only 3 studies in the primary
analysis and no studies from low-
income countries. No studies were
located that compared timing of
initiation or duration of vitamin D
supplementation. Strengths of the
review include the comprehensive
literature search, a priori
specification of subgroup variables
and number of participants. The
study that contributed most data
to the analysis was from a middle-
income country setting (India)
where the prevalence of maternal
undernutrition was high. Our
findings on growth outcomes also
have biological plausibility,
vitamin D is well known to

influence calcium and bone
mineral density, which is highly
correlated with improved linear
growth.5,6

In conclusion, our systematic review
showed moderate certainty of
evidence on the effect of enteral
vitamin D supplementation for
preterm and LBW infants on growth
and vitamin D deficiency compared
with no supplementation or placebo.
However, there was little or no
effect on mortality, morbidity, and
neurodevelopmental outcomes.
More RCTs are required to
understand the optimal timing of
initiation, duration of treatment, and
dosing of enteral vitamin D
supplementation for preterm and
LBW infants.
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