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ABSTRACT

Background: A systematic review was commissioned to support an international expert group
charged to update the Food and Agriculture Organisation of the United Nations (FAO)/World
Health Organisation (WHO)'s vitamin D intake recommendations for children aged 0-4 years.
Materials and methods: Multiple electronic databases were searched to capture studies pub-
lished from database inception to the 2" week of June 2020 according to key questions formu-
lated by the FAO/WHO. Relevant studies were summarised and synthesised by key questions
and by health outcomes using the Grades of Recommendation, Assessment, Development, and
Evaluation (GRADE) approach.

Results: The 146 included studies examined the effects of different vitamin D intake levels on a
variety of health outcomes (e.g. infectious disease, growth, neurodevelopment, rickets, and bone
mineral density), and on outcomes for setting vitamin D upper limits (e.g. hypercalcemia, hyper-
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calciuria, and nephrocalcinosis). For most outcomes, the strength of evidence was low or very
low. Evidence was rated moderate for the effect of daily vitamin D supplementation on raising
serum 25(0OH)D concentrations, and a random-effects meta-regression analysis of 28 randomised
controlled trials (mostly in infants 0-12 months) showed that each 100IU/d increase in vitamin
D supplementation was associated with an average of 1.92 (95% Cl 0.28, 3.56) nmol/L increase
in achieved 25-hydroxy-vitaminn D (25[0OH]D) concentration (n =53 intervention arms; p =.022)
with large residual heterogeneity (¥ = 99.39%). Evidence was very low on two of the upper limit
outcomes — hypercalcemia and hypercalciuria.

Conclusions: The evidence report provided the expert group with a foundation and core set of
data to begin their work to set vitamin D nutrient reference values. To move the field forward,
future studies should use standardised 25(0OH)D assay measurements and should examine the
relationship between long-term vitamin D status and health outcomes.

KEY MESSAGES

e Results of a large complex systematic review suggest the current totality of evidence from tri-
als and prospective observational studies do not reach sufficient certainty level to support a
causal relationship between vitamin D intake and asthma, wheeze, eczema, infectious dis-
eases, or rickets (most trials reported no rickets) in generally healthy infants and young
children.

e In this systematic review, the only body of evidence that reached a moderate level of cer-
tainty was regarding the effect of daily vitamin D supplementation (vitamin Dz or D, supple-
ments to infants/children) on increasing serum 25(0OH)D concentrations. However, currently
there is no consensus on the definitions of vitamin D status, e.g. deficiency, insufficiency, suf-
ficiency and toxicity, based on serum 25(0OH)D concentrations.

e This systematic review provided an international expert group a foundation and core set of
data through intake-response modelling to help set vitamin D nutrient reference values for
infants and children up to 4 years of age.
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Introduction
Background and objectives

The Food and Agriculture Organisation of the United
Nations (FAO) and the World Health Organisation
(WHO) established recommended vitamin and mineral
intakes for all age groups in 2004 [1]. However, at that
time, there was no consensus approach to making
nutrient intake recommendations. There have been
two more recent efforts to set nutrient reference val-
ues (NRVs) for vitamin D - the Dietary Reference
Intake values (DRIs) issued by the Institute of Medicine
(IOM) of the United States (U.S.) National Academies,
and the dietary reference values set by the European
Food Safety Authority (EFSA) [2,3]. In 2009, the U.S.
Agency for Healthcare Quality and Research (AHRQ)
commissioned an evidence report (i.e. a large complex
systematic review with several linked key questions)
on health outcomes related to vitamin D and calcium
[4], and the evidence report was later used by the
2010 DRI committee to update vitamin D and calcium
DRI values for all life stages [3]. The IOM’s DRI values
are 4001U per day (Adequate Intake [Al]) for both
infants 0-6 months and 7-12months of age, and
6001U per day (Recommended Daily Allowance [RDAI)
for children 1-4years. Al is the average daily intake
based on observed nutrient intake by a group (or
groups) of apparently healthy people that are
assumed to be adequate. Al is used when a recom-
mended intake (such as RDA) cannot be determined
due to insufficient data to establish an intake-response
association between a nutrient and a physiological
outcome. The Tolerable Upper Intake Level (UL) values
are 10001U, 15001U, and 2500IU per day for infants
0-6 months, infants 7-12months, and children
1-4years of age, respectively. UL values are not rec-
ommended intake levels; rather, they are the highest
average daily nutrient intake that is likely to pose no
risk of adverse health effects to almost all individuals
in the general population. EFSA’s report, published in
2016, concluded that there was insufficient data to set
an Average Requirement (the average daily nutrient
intake that is estimated to meet the requirements of
half of the healthy individuals in a particular life stage
and gender group) for vitamin D, so instead set an Al
for all population groups [2,5]. Both the 2009 AHRQ
commissioned evidence report and the 2016 EFSA
report identified a paucity of studies conducted on
infants and children [4,5]. New data have emerged
warranting a re-evaluation of vitamin D and calcium
NRVs, particularly for young children. The results of
the WHO-commissioned calcium systematic review
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have been published separately [6], so the remainder
of this document is focussed on the vitamin D
investigations.

In 2017, the WHO and FAO, partnered with the U.S.
National Academies of Science, Engineering, and
Medicine (NASEM, formerly IOM), convened an inter-
national workshop with the goal of achieving global
harmonisation of the methodological approaches used
to derive NRVs across countries [7]. Followed by this
effort, the WHO and FAO established an international
expert group in 2019 to update nutrient intake recom-
mendations for children aged 0-4years [8]. Nutrients
prioritised for the first round of updates include vita-
min D and calcium, which are being investigated sim-
ultaneously due to the synergism of these two
nutrients. During phase | of this work, the FAO/WHO
commissioned a scoping review on vitamin D and cal-
cium research reporting health outcomes in children
0-36 months [9]. In the scoping review, we found that
dose-response randomised controlled trials (RCTs) that
assessed the effects of vitamin D intake on age-
specific clinical outcomes of public health importance
were scarce. According to the generic analytic frame-
work (Figure 1) [10], when evidence of the association
between exposure and clinical outcomes of interest is
lacking (Figure 1, Arrow 1), a “piecemeal approach”
(also known as the “dose-response approach” [11])
that uses indicators of exposure (Arrow 4) and surro-
gate outcomes (Arrow 5) has been suggested as an
option for setting NRVs [12]. Therefore, the FAO/WHO
expert group determined that a dose-response
approach would be appropriate for setting vitamin D
requirements for the target age group. Based on
results from the Phase | scoping review and other
supporting documents, the expert group identified
suitable indicators of exposure (e.g. serum 25-hydroxy-
vitamin D [25(0OH)D] concentrations) and outcomes of
interest (e.g. growth and development indices) and
then formulated key questions (KQs) to guide an evi-
dence report as indicated below.

Vitamin D requirements

e KQ 1. What is the effect of different levels of vita-
min D intake on health outcomes in children aged
0-4 years?

e KQ 2. What is the association between serum
25(0OH)D concentrations and health outcomes in
children aged 0-4 years?

e KQ 3. What is the effect of vitamin D intake on
serum 25(0OH)D concentrations in children aged
0-4 years?
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Arrow 1: Association of exposure with clinical outcomes of interest.
Arrow 2: Association of exposure with surrogate or intermediate outcomes (with good or possible evidence for linkage with

clinical outcomes).

Arrow 3: Association of indicators of exposure to clinical outcomes.
Arrow 4: Association between exposure and indicators of exposure.
Arrow 5: Association of indicators of exposure to surrogate or intermediate outcomes (with good or possible evidence for

linkage with clinical outcomes).

Arrow 6: Association between surrogate outcomes (with good or possible evidence for linkage) and clinical outcomes.

Figure 1. A generic analytic framework to assist the formulation of systematic review key questions for the development of

nutrients reference intake values.

Vitamin D tolerable upper intake level (UL)

e KQ ULla. At what levels of vitamin D intake are
adverse effects observed in children aged 0-4
years?

e KQ ULTb. What are levels of vitamin D intake at
which a prespecified threshold of serum 25(0OH)D is
reached in children aged 0-4 years?

The resulting evidence report was provided to the
expert group and is summarised below. The full report
is presented in the Supplemental File.

Scope and objectives

The overall objective of this evidence report was to
synthesise all available evidence that met predefined
eligibility criteria to help support an FAO/WHO expert
group charged with updating the vitamin D NRVs for
children aged 0-4years [8]. The evidence report was
focussed on indicators of vitamin D exposure includ-
ing dietary intake (e.g. vitamin D, and Ds), sunlight or
ultraviolet-B exposure (or it is proxy such as latitude),
and 25(0OH)D concentrations, as well as a range of
important health outcomes for the target populations,
including growth and development (e.g. anthropomet-
ric indices, failure to thrive, etc.), neurological develop-
ment, infectious disease, autoimmune disease, asthma,
wheezing, atopic dermatitis, fracture, bone mineral
density, bone mineral content, rickets, blood pressure,
and calcium absorption and retention. The following

specific objectives were based on the expert group
KQs and were focussed on children aged 0-4 years.

e Identify the effect of different levels of vitamin D
intake on pre-defined health outcomes (KQT),
serum 25(0OH)D concentrations (KQ3), and reported
adverse effects (KQ UL1a).

e Determine the association between serum 25(0OH)D
concentrations and pre-defined health out-
comes (KQ2).

e Identify levels of vitamin D intake needed to reach
prespecified  thresholds of serum  25(0OH)D
(KQ UL1b).

Materials and methods

We followed the methods for conducting a systematic
review outlined in the Institute of Medicine's
Standards for Systematic Reviews [13] and reported
the results according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement [14]. A complete description of the meth-
ods, including planned subgroup analyses and a full
description of study eligibility criteria for the KQs,
appears in the full evidence report presented in the
Supplemental File. A prospectively developed protocol
was published in The International Prospective
Register of Systematic Reviews, PROSPERO (https://
www.crd.york.ac.uk/prospero/; CRD42020198843).


https://doi.org/10.1080/07853890.2022.2111602
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Literature search strategy and study selection
process

Database searches were conducted in MEDLINE®,
Embase, and Cochrane Central databases to capture
studies from the inception of each database to the
2"Y week of June 2020. Searches were not restricted
by language or publication date. Search strategies
were developed according to the KQs and are shown
in Supplemental Appendix A. The same search strat-
egy was used to identify articles relevant for KQs
regarding calcium requirements and upper limits for-
mulated by the FAO/WHO expert panel; however, only
studies meeting the criteria for the vitamin D KQs are
summarised herein. Study investigators rescreened
both the excluded and included full-text articles from
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the Phase | scoping review [9] using the systematic
review study eligibility criteria presented in Tables 1-4.
In addition to database searches, relevant authoritative
reports and systematic reviews were used for refer-
ence mining.

After duplicate citations were removed, titles and
abstracts were screened by two independent investiga-
tors using Rayyan abstract screening software [16].
Relevant full-text articles were screened by one investi-
gator according to the study eligibility criteria (Tables
1-4), and rejected articles were reviewed by a second
investigator to confirm exclusion. Disagreements were
adjudicated by a third investigator or group consensus.
A list of excluded studies and exclusion reasons are
documented in Supplemental Appendix B.

Table 1. Vitamin D requirements key question 1 (KQ1) eligibility criteria.

Category Inclusion criteria

Exclusion criteria

Study designs of interest .

e Intervention duration >2 weeks

Populations of interest

Randomised (paralleled or crossover) controlled .
trials, or nonrandomized controlled trials

Generally healthy® children 0-4years old

In vitro (cell) and animal studies

Observational studies [Note: Dietary assessments of

vitamin D intake levels were not included due to

inadequacy of nutrient composition tables for

vitamin D [15]]

Single-arm trials

e Studies that used non-concurrent cohorts or non-
concurrent controls

e Unpublished studies (e.g. conference abstracts,
posters)

e (ritically ill children admitted to intensive care unit
Studies that enrolled exclusively premature infants
(<32 weeks gestational age) or very low birth
weight infants (<1500 grams)

e Studies conducted exclusively in children with

moderate or severe acute malnutrition (MAM/SAM)

Interventions of interest e Dietary vitamin D intake (with or without calcium) e Non-oral intake of vitamin D such as injections or
from foods or supplements peripheral parenteral nutrition
e UV exposure to manipulate 25(0H)D levels e Intervention studies in which effects of vitamin D
and/or calcium cannot be isolated
e Vitamin D analogs (e.g. calcifedio, calcijex,
calcipotriol, calcitriol, doxercalciferol, hectorol,
paricalcitrol, rayaldee, rocaltrol, zemplar)
Comparators of interest Any None
QOutcomes of interest e Growth and development (anthropometric indices, e Maternal health-related outcomes
failure to thrive, etc)® e Any outcome measured only at birth in mothers
e Neurological development® or in infants
e Infectious disease Lead concentration
e Autoimmune disease e Health-service utilisation outcomes
e Asthma, wheezing, or atopic dermatitis
e Fracture
e Bone mineral density or bone mineral content

(irrespective of the method employed, for

example, ultrasonography, DEXA etc.)
e Rickets (including “nutritional rickets”)

e Blood pressure
e Calcium absorption and retention®

DEXA = Dual-energy X-ray absorptiometry; MAM = moderate acute malnutrition; SAM = severe acute malnutrition; UV = ultraviolet.

#Generally healthy” populations are defined as having <20% of the study population with disease at the study’s baseline with the exception of the
case-control study design. Nutrition deficiencies, overweight, and obesity are not considered diseases in this systematic review.

PFor growth and development outcomes, the populations of interest are expanded to include children 0-9 years old because growth and development
outcomes are also considered outcomes of interest for vitamin D and calcium ULs. All anthropometric measures are considered outcomes of interest,
such as height, weight, length/height for age, weight for age, weight for height/length, BMI, related z-scores, waist circumference, mid-arm circumfer-

ence (MUAC), skinfold thickness, head circumference.

“Autism is not an outcome of interest, but cognitive or intellectual development assessed by 1Q is of interest.
dFor the calcium absorption and retention outcomes, the minimal intervention duration of 2 weeks criterion does not apply because calcium absorption

is also an outcome of interest for calcium requirements.


https://doi.org/10.1080/07853890.2022.2111602
https://doi.org/10.1080/07853890.2022.2111602

2282 A. R. BEAUCHESNE ET AL.

Table 2. Vitamin D requirements key question 2 (KQ2) eligibility criteria.

Category Inclusion criteria Exclusion criteria
Study designs of interest o Cohort, nested case-control, or case-cohort e In vitro (cell) and animal studies
studies in which 25(0OH)D concentrations e Intervention studies
were measured before outcome e (Cross-sectional studies reporting only prevalence
ascertainment. data (i.e. no correlation or association analyses)
e Follow-up duration >2 weeks e Retrospective case-control studies
e (Case reports or case series
Populations of interest Generally healthy® children 0-4 years old e (ritically ill children admitted to intensive care unit
e Studies that enrolled exclusively premature infants
(<32 weeks gestational age) or very low birth
weight infants (<1500 grams)
e Studies conducted exclusively in children with
moderate or severe acute malnutrition (MAM/SAM)
Exposures of interest 25(0H)D concentrations (irrespective of Dietary assessments of vitamin D intake only [Note:
measurement assay) Dietary assessments of vitamin D intake levels were
not included due to inadequacy of nutrient
composition tables for vitamin D [15]]
Comparators of interest Different levels of 25(0OH)D concentrations None
Outcomes of interest e Growth and development (anthropometric e Maternal health-related outcomes
indices, failure to thrive, etc.) e Any outcome measured only at birth in mothers
e Neurological development® or in infants
e Infectious disease e Lead concentration
e Autoimmune disease e Health-service utilisation outcomes
e Asthma, wheezing, or atopic dermatitis
e Fracture
e Bone mineral density or bone mineral

content (irrespective of the method
employed, for example, ultrasonography,
DEXA etc.)

e Rickets (including “nutritional rickets”)

e Blood pressure

e Calcium absorption and retention®

DEXA = Dual-energy X-ray absorptiometry; MAM = moderate acute malnutrition; SAM = severe acute malnutrition.

#Generally healthy” populations are defined as having <20% of the study population with disease at the study’s baseline with the exception of the
case-control study design. Nutrition deficiencies, overweight, and obesity are not considered diseases in this systematic review.

BFor growth and development outcomes, the populations of interest are expanded to include children 0-9 years old because growth and development
outcomes are also considered outcomes of interest for vitamin D and calcium ULs. All anthropometric measures are considered outcomes of interest,
such as height, weight, length/height for age, weight for age, weight for height/length, BMI, related z-scores, waist circumference, mid-arm circumfer-
ence (MUAC), skinfold thickness, head circumference.

“Autism is not an outcome of interest.

9For the calcium absorption and retention outcomes, the minimal follow-up duration of 2 weeks criterion does not apply because calcium absorption is
also an outcome of interest for calcium requirements.

Table 3. Vitamin D requirements key question 3 (KQ3) and vitamin D upper limits key question 1b (KQ UL1b) eligibility criteria.

Category Inclusion criteria Exclusion criteria
Study designs of interest e Randomised (paralleled or crossover) e In vitro (cell) and animal studies
controlled trials, or nonrandomized e Observational studies
controlled trials e Single-arm trials
e Intervention duration >2 weeks e Studies that used non-concurrent cohorts or non-

concurrent controls
e Unpublished studies (e.g. conference abstracts,
posters)
Populations of interest Generally healthy children 0-9 years old® e (ritically ill children admitted to intensive care unit
Studies that enrolled exclusively premature infants
(<32 weeks gestational age) or very low birth
weight infants (<1500 grams)
e Studies conducted exclusively in children with
moderate or severe acute malnutrition (MAM/SAM)
Interventions of interest Dietary vitamin D intake (with or without e Non-oral intake of vitamin D such as injections or
calcium) from foods or supplements peripheral parenteral nutrition
e Intervention studies in which effects of vitamin D
and/or calcium cannot be isolated
e Vitamin D analogs
Comparators of interest Any None
Qutcomes of interest 25(0H)D concentrations (irrespective of None
measurement assay)

MAM = moderate acute malnutrition; SAM = severe acute malnutrition.

*Generally healthy” populations are defined as having <20% of the study population with disease at the study’s baseline with the exception of the
case-control study design. Nutrition deficiencies, overweight, and obesity are not considered diseases in this systematic review. For KQ3 and KQ UL 1b,
the populations of interest were expanded to include children 4-9 years old.
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Table 4. Vitamin D upper limits key question 1a (KQ ULTa) eligibility criteria.

Category

Inclusion criteria

Exclusion criteria

Study designs of interest

Populations of interest

Interventions or exposures of interest .

Intervention studies of any design
e Observational studies of any design
e Case reports of excess vitamin intake (as
defined in the original studies)
Generally healthy children 0-9 years old®

Intervention studies: Dietary vitamin D .

In vitro (cell) and animal studies
Unpublished studies (e.g. conference abstracts,
posters)

Critically ill children admitted to intensive care unit
Studies that enrolled exclusively premature infants
(<32 weeks gestational age) or very low birth
weight infants (<1500 grams)
e Studies conducted exclusively in children with
moderate or severe acute malnutrition (MAM/SAM)
Non-oral intake of calcium and/or vitamin D such

intake (with or without calcium) from foods
or supplements

Observational studies: 25(0OH)D
concentrations (irrespective of measurement

as injections or peripheral parenteral nutrition

Intervention studies in which effects of vitamin D

and/or calcium cannot be isolated
Vitamin D analogs

assay)
Comparators of interest Any
Outcomes of interest Growth and development®
Hypercalcaemia
Hypercalciuria
Kidney stones
Nephrocalcinosis
All-cause mortality

None
None

MAM = moderate acute malnutrition; SAM = severe acute malnutrition.

#Generally healthy” populations are defined as having <20% of the study population with disease at the study’s baseline with the exception of the
case-control study design. Nutrition deficiencies, overweight, and obesity are not considered diseases in this systematic review. For KQ UL 1a, the popula-

tions of interest were expanded to include children 4-9years old.

PAny definition for categorical growth and development outcomes associated with high levels of vitamin D intake or 25(0H)D concentrations, such as

overweight or obesity (usually defined by BMI cut-off).

Data extraction

Standardised forms were created to extract individual
study data regarding study characteristics (type of
study [controlled trial, prospective cohort, nested case-
control, case-cohort], design [parallel/crossover; rando-
mised/non-randomised], study arms [intervention/
exposure; control/comparator], duration, outcomes),
population characteristics (mean age, percent male,
race or ethnicity, country, health status, baseline diet,
breastfeeding status), data required for planned sub-
group analyses (level of vitamin D intake, source of
vitamin D, supplement formulation, sun exposure and/
or latitude, age, breastfeeding status, race/ethnicity,
skin colour), and results for all outcomes of interest
(see Tables 1-4 for the complete list of outcomes).
Data were extracted by one investigator and spot-
checked by a second investigator.

Risk of bias assessment

Two independent investigators performed a risk of bias
(ROB) assessment for each included study outcome
with disagreements resolved via discussion between
the two investigators. Cochrane Collaboration’s tool
(ROB 2.0) [17] was used to assess ROB for interventional
studies. An overall ROB rating (high, medium [some
concerns], or low risk for biases) was established for
each interventional study using the Cochrane overall

risk-of-bias criteria [17]. The Newcastle Ottawa Scale
(NOS) was used to assess ROB for cohort, case-cohort,
and nested case-control studies [18]. Modifications to
the NOS were made, including the tailoring, addition,
and removal of prompting questions, to better suit the
needs of the review and to assess ROB for case-cohort
and nested case-control study designs.

Data synthesis and strength of evidence rating

Results for each study were reported in separate sum-
mary tables for each KQ and outcome. Where possible,
narrative reporting and analyses were divided into age
subgroups (e.g. 0-12months and 1-4years) to account
for differences in vitamin D source (e.g. primarily human
or formula milk in infants versus solid foods in young
children) and outcomes. The Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE)
approach [19,20] was used to determine the strength of
evidence (high, medium, low, very low, or insufficient) for
each outcome. GRADE evidence profile tables [21] were
used to present synthesised data for each KQ.

Meta-analysis

For vitamin D requirement KQ 3 (What is the effect of
vitamin D intake on serum 25(OH)D concentrations in
children aged 0-4years?), we performed a random-
effects meta-regression [22,23] to examine the intake-
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response associations across studies. No meta-analyses
were performed for all other KQs due to large hetero-
geneity in exposure and outcome definitions or ascer-
tainment methods across included studies.

Results

Altogether, 146 publications were included in this sys-
tematic review (see Appendix B in the Supplemental
File for bibliography). This comprised 34 randomised
and non-randomised controlled trials (RCTs and non-
RCTs) on the effect of different vitamin D intake levels
on health outcomes in children aged 0-4years (KQ1).
There were 18 observational studies included that
examined the association between serum 25(OH)D
concentrations and health outcomes in children aged
0-4years (KQ2). A total of 65 unique RCTs (in 66
reports) on the effect of vitamin D on serum 25(0OH)D
concentrations in children aged 0-9years were
included for KQ3. Lastly, 64 studies (any study design
including case reports) reporting the effect of vitamin
D on upper limit outcomes were also included in the
review. A flow chart summarising our literature search
and study selection process is shown in Figure 2.

Strength of evidence assessments was completed
using the GRADE approach, and an evidence profile
table organised by KQs and by outcomes is provided
in Table 5. Evidence for the outcomes that were rated
as insufficient was not included in the evidence profile
table. Below is an overview of findings for all KQs, but
additional findings, including detailed results, sum-
mary tables for all included studies, and risk of bias
assessments, are provided in the full evidence report
(see Supplemental File).

Vitamin D requirements

KQ1. What is the effect of different levels of vitamin
D intake on health outcomes in children aged 0 to
4 years?

No trials reported on autoimmune disease or fracture
outcomes, and only one randomised controlled trial
(RCT) reported on blood pressure outcomes [38]
resulting in an insufficient evidence rating for these
outcomes. Evidence was low for the effect of different
levels of vitamin D intake on several health outcomes
including atopic outcomes (i.e. asthma, wheeze,
eczema), infectious diseases, growth and neurodevel-
opment, rickets, and bone mineral content and bone
mineral density. The low certainty level of evidence
ratings was because most of the evidence was impre-
cise, inconsistent, and with some or serious limitations

based on risk-of-bias assessment. Dose-response RCTs
were scarce. Brief summaries of key findings by out-
comes are included below.

Atopic outcomes

Four RCTs (3 high risks and 1 medium risk for biases)
reported asthma, wheeze, and/or eczema outcomes in
children aged 0-4years. All trials included an interven-
tion arm of 400IU/d of vitamin D3 with other arms
being 8001U/d, 1,2001U/d, or placebo. Asthma and
wheeze showed mixed results, but all three RCTs
reporting on eczema found no significant differences
for groups with different levels of vitamin D [25,26,59].
Two studies reported no significant findings for
asthma [26,59], while one study reported a lower risk
of asthma in neonates receiving 4001U/d of vitamin D
compared to a placebo [24]. For wheeze, one RCT
reported no significant findings [25], while another
found a significantly reduced risk of recurrent wheez-
ing at 12months in preterm black infants given
sustained vitamin D supplementation compared to
diet-limited supplementation [26].

Infectious disease outcomes. Eight RCTs (6 high risks
and 2 medium risks for biases) reporting on 20 total
infectious disease outcomes (respiratory infection out-
comes, gastroenteritis, and other or unspecified infec-
tious disease) were identified in 9 publications
[24,26,27,30,60-63]. All RCTs included a daily regimen
of vitamin Ds, ranging from 400 to 1,2001U/d, except
for one group that received a bolus dose of 100,000 U
of vitamin D3 once every three months [63]. No
between-group differences were found for 19 of these
outcomes, but one study found a lower risk of devel-
oping influenza A after four months with 1,2001U/d
vs. 4001U/d of vitamin D3 [27].

Growth and neurodevelopment outcomes. Thirteen
RCTs (12 high risks and 1 medium risk for biases)
assessed growth or neurodevelopment outcomes in
healthy (n=11 studies), low birth weight (n=1), or
preterm (n=1) infants between ages 0 and 1 month.
Five RCTs compared various daily doses of vitamin D
(400, 800, 1,200, and/or 1,6001U) [31,32,36,53,64,65],
and one RCT compared a daily dose of 4001U vitamin
D with a bolus dose of 50,000IU [47], and one RCT
compared a weekly dose of 1,400IU vitamin D to a
placebo [66]. Three RCTs compared human milk or
infant formula supplemented with vitamin D (4001U/d
supplement or 400-427IU/L formulations) to human
milk alone [33,67] or with placebo [28]. The remaining
two RCTs included various combinations of vitamin D
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Records identified through database searching
(n=20,930)

Records after duplicates removed
(n=16,198)

Abstracts screened

(n=16,198)
Abstracts and
Additional records identified additional records excluded
through other sources after (n= 15,546)
duplicates were removed
(n=293)
* Reference Mining (n=99)
* Scoping Review (n=222) Total full-text papers excluded
Full text articles (n=823)
assessed 7 pending studies (unable to translate)
for eligibility 82 full-text article not found
(n=973) 74 set-aside due to age>9
658 did not meet eligibility criteria
Papers included in qualitative synthesis for Total full-text papers
vitamin D key questions included for Ca KQs only
(n=146)? (n=33)

N

VDKQ1 VDKQ2 VDKQ3
(n=34) (n=18) (n=66)

VDUL VDUL
KQla kQib
(n=35) (n=29)

(n=39)

Papers included in quantitative
synthesis (meta-analysis)

Figure 2. Literature search and study selection process. Legend: VDKQ = vitamin D requirement key question; VDUL = vitamin D
upper limits. ®The sum of papers for listed key questions is greater than 146, as some papers were included in more than one

key question.

supplementation or placebo for both infants fed
human milk (4001U/d or placebo) and their lactating
mothers (6001U/d, 6,0001U/d, 120,0001U/month, or
placebo) [52,68]. Overall, 11 RCTs reported no signifi-
cant findings, while the remaining three reported
mixed results, as follows. One RCT in healthy infants
reported length improvements with vitamin D vs. a
placebo (a non-randomised comparison group) [28],
and another RCT in healthy infants reported signifi-
cantly lower Alberta Infant Motor Scale scores (total,
prone, and/or sitting scores) with higher (800 or

1,2001U/d) vs. lower (4001U/d) vitamin Ds; doses [69].
An RCT in low-birthweight infants (1.8-2.5kg) found
significant benefits with 1,4001U/week of vitamin D3
vs. placebo for some measurements (weight- and
length-for-age z-scores, arm circumference) but no dif-
ference in others (weight-for-length z-scores or head
circumference) at 6 months [66]. At 3-6years post
intervention, the vitamin D supplemented group had
significantly lower body mass index (BMI), BMI
z-scores, and arm muscle area but no other significant
differences compared to the placebo group [38].
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Rickets. Eight RCTs (2 high risks and 6 medium risks
for biases) and one non-RCT (high risk for biases)
reported the effect of different vitamin D intake levels
on rickets. Most of these RCTs assigned vitamin D
interventions as daily doses ranging from 200 to
1,0001U/d [26,51,61,70-73] except for one RCT which
assigned newborns to 1,4001U of vitamin D per week
[66]. All eight RCTs reported no rickets cases during
the duration of the trials (1.5-36 months). The non-
RCT assigned older infants (mean age of 2.26 years) to
a dose of 25,000lU per month combined with
15 mmol/d of calcium and found rickets in <2% of the
study population by the end of the trial [29]. This
study reported no between-group differences in rick-
ets incidence for participants receiving calcium, vita-
min D, calcium plus vitamin D, or no supplementation.

Bone mineral content or density (BMC or BMD) out-
comes. Nine RCTs (8 high risks and 1 medium risk for
biases) and one non-RCT (high risk for biases) assessed
outcomes related to BMC or BMD outcomes. Two
studies compared a single vitamin D dosing group to
a placebo group [26,38], three compared infants fed
human milk or formula fed with a vitamin D supple-
ment to a group fed human milk with no supplement
[28,33,37], and the remaining five studies compared
groups with different doses of VD [30-32,34,36]. For
most of these studies, vitamin D dosing was given as
a daily regimen of 4001U to 1,6001U, while one study
used a dose of 1,4001U per week [38]. Two studies did
not specify the total daily vitamin D dose for study
groups given infant formula but reported vitamin D U
per litre of formula [28,33]. In all 10 studies, interven-
tion duration was 2.5-23.5 months.

Five RCTs reported no difference in BMD or BMC
outcomes when comparing vitamin D supplementa-
tion to human milk only [33] or when comparing
groups with different vitamin D supplement doses
[30-32,34]. Two studies reported benefits to BMC or
BMD outcomes when comparing 400IU/d vitamin D
supplementation with placebo but did not report
p-values or confidence intervals [26,28]. One dose-
response RCT reported statistically significant benefits
for most BMD measurements when comparing the
highest dose of vitamin D with lower doses (1,600 IU/d
vs. 4001U/d; 1,6001U/d vs. 1,2001U/d) [36]. One RCT
reported moderately significant (.05 <p <.1) benefits
for distal radius (but not tibia) bone measurements
when comparing 1,400 IU vitamin D per week to a pla-
cebo [38]. The non-RCT reported statistically significant
(p<.05) benefits for BMC/BMD measures when

comparing vitamin D supplementation in human milk
or formula-fed infants with human milk alone [37].

KQ 2. What is the association between serum
25(0H)D concentrations and health outcomes in
children aged 0-4 years?

Evidence was very low for the association between
serum 25(0OH)D concentration and atopic outcomes
(i.e. asthma, wheeze, eczema), autoimmune disease,
and infectious disease. Evidence was low for growth
and neurodevelopment outcomes. Overall, the very
low or low certainty of evidence ratings was due to
concerns for potential biases due to absent or unclear
demonstration that the outcome was not present at
the start of the study, poor adjustment of possible
confounders, and poor or unclear assessment of the
outcome, and significant loss to follow up of
participants.

For all other outcomes, the number of identified
studies was insufficient (less than 3 studies per out-
come) to perform strength of evidence assessments.
Only one case-cohort study reported on serum
25(0OH)D concentration and fracture outcomes [74],
one cohort study reported on blood pressure out-
comes [75], and no studies reported on bone mineral
density, bone mineral content or rickets outcomes.

Atopic outcomes. Three cohort and one case-cohort
study assessed the association between 25(0OH)D con-
centrations at age 0-4years and subsequent asthma,
wheeze, and/or eczema outcomes. Of these, three
studies found no association with asthma [76,77],
wheezing [76], or eczema [78], while one study
reported higher odds of asthma (but not medicated
asthma), wheezing, and eczema at 10years of age in
cohort members with more frequent deficient
25(0OH)D concentrations (<50nmol/L) between age
6 months and 10years [39].

Infectious disease outcomes. Three cohort studies
assessed the association between serum 25(0OH)D con-
centrations and various infectious diseases including
upper respiratory tract infection (URTI), acute lower
respiratory tract infection (ALRI), respiratory tract infec-
tion, malaria infection, and oral candidiasis [39,43,44].
Most reported associations between serum 25(OH)D
concentrations and infectious disease outcomes were
not statistically significant, except for the following. In
one cohort, infant serum 25(0H)D levels of
20-29.9ng/mL were associated with decreased risk of
oral candidiasis compared to lower levels (<10 ng/mL)
but increased risk of malaria infection compared to



higher levels (>30ng/mL) [43]. Another cohort found
that underweight children with sufficient 25(OH)D lev-
els (>=75nmol/l) at birth and early childhood had an
increased risk for URTI compared to those with insuffi-
cient (>=50 and <75nmol/l) or deficient (<50 nmol/
L) levels [44].

Autoimmune disease outcomes. Seven observational
studies (in six publications) that assessed the associ-
ation between serum vitamin D levels and three auto-
immune outcomes including type 1 diabetes (T1D),
islet autoimmunity, and juvenile idiopathic arthritis
(JIA) were identified. One case-cohort [79] and three
nested case-control studies [79-81] reported no associ-
ations with T1D, and another case-cohort found no
associations with JIA [42]. There were mixed results for
islet autoimmunity. One case-cohort reported no asso-
ciation [40], while one nested case-control study of
children at increased genetic risk of T1D found higher
serum 25(OH)D in infancy and early childhood was
associated with lower odds of islet autoimmunity [41].

Growth and neurodevelopment outcomes. Six obser-
vational studies (four cohort and two nested case-con-
trol  studies) that assessed growth and/or
neurodevelopment outcomes were identified. No sig-
nificant linear associations 25(0OH)D concentrations
and growth and development outcomes in all six
studies [43,81-85], but two cohort studies found posi-
tive associations between categorical serum 25(0OH)D
levels (at different cutoffs) and growth or neurodevel-
opment. Specifically, one study reported better
weight-for-length z-scores at 20 months of age for
infants with higher (20-29.9ng/mL) vs. the lowest
(<10ng/mL) serum 25(0OH)D levels [43]. Another
cohort study found that newborns with the highest
(>21.8-30.3nmol/L) 25(0OH)D levels at birth had
greater 1Q scores at age 19 than those with 25(0H)D
levels <13.3 nmol/L at birth [84].

KQ 3. What is the effect of vitamin D intake
on serum 25(0OH)D concentrations in children aged
0-4 years?

Altogether, 66 RCTs assessed the effect of vitamin D
intake on serum 25(0OH)D concentrations in children
aged 0-9years. Of these, 51 RCTs were conducted in
children ages 0-4years [25-28,30-33,35,36,38,45-49,
51-54,58,60-70,72,73,86-103]. Results and meta-
regression of RCTs in children ages 4-9years were not
summarised here but are reported in the full evidence
report (see Supplemental File). Evidence was found to
be moderate for the effect of daily vitamin D
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supplementation (vitamin D3 or D, supplements to
infants/children) on raising serum 25(OH)D concentra-
tions, but evidence for non-daily vitamin D supple-
mentation (including single dose) was low. Evidence
was very low for infant/child serum 25(OH)D concen-
trations associated with vitamin D supplementation
given to post-partum lactating mothers, food interven-
tions containing vitamin D, or combined vitamin D
and calcium supplementation.

Daily vitamin D supplementation. This systematic
review identified 38 unique studies (in 39 reports) that
examined the effects of daily vitamin D intake on
serum 25(0OH)D concentration. Of these, 30 trials (in 31
publications) were conducted in children 0-12 months
[25-28,30-33,36,45,47,52,54,61,64,65,67,68,72,73, 87-90,
93-96,98,100,101], and one RCT was conducted in chil-
dren 1-4years (mean age 2.7 years) [60]. The overall
ROB assessment of these RCTs is shown in Figure 3a.

Our random effects meta-regression analysis of 28
RCTs in children under 4years of age (27 studies with
mean age of 0-12months and one study with mean
age of 2.7years) showed that each 1001U/d increase
in vitamin D supplementation was associated with an
average of 1.92 (95% Cl: 0.28, 3.56) nmol/L increase in
achieved 25(0OH)D concentration (n=53 intervention
arms; p=.022; adjusted R*> = 9.07%) with large
residual heterogeneity (P = 99.39%) (Figure 4). Three
RCTs were not included in this meta-regression ana-
lysis due to insufficient quantitative data reporting
[26,89,93].

Non-daily vitamin D supplementation. There were
11 included RCTs that assessed the effect of non-daily
vitamin D (from supplements or fortified foods) on
25(OH)D in children aged 0-4years [45-50,56,66,
89,98,104]. The overall ROB assessment of these RCTs
is shown in Figure 3b. These studies assigned partici-
pants to intermittent dosing regimens (weekly,
monthly, or bimonthly dosing) for variable durations
or to single bolus doses of vitamin D3 (ranging from
50,000 to 600,000 IU). Most of the studies comparing
different levels of vitamin D supplementation identi-
fied dose-response such that higher intakes of vitamin
D supplementation resulted in higher 25(OH)D levels.
The degree of change in 25(0OH)D depended on the
vitamin D dose, intervention and follow-up duration,
study site latitude, and season of assessment.

Vitamin D supplementation to post-partum moth-
ers. Four RCTs (all high risk for biases) assessed the
effect of maternal vitamin D supplementation on the
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Panel a. Daily vitamin D supplementation

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

Panel b. Non-daily vitamin D supplementation

25% 50% 75% 100%

D Low risk D Some concems . High risk

Bias arising from the randomization process |

Bias due to deviations from intended interventions

Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

25% 50% 75% 100%

D Low risk D Some concerns - High risk

Figure 3. Summary risk-of-bias assessments for randomised controlled trials reporting the effect of daily vitamin D supplementa-
tion (panel a) or non-daily vitamin D supplementation (panel b) on serum 25(0H)D concentrations in children 0-4 years.

25(0OH)D levels of breastfeeding infants. Maternal sup-
plementation included daily doses (400-6,400IU) of
vitamin D or a monthly dose (120,0001U) of vitamin
Ds, while the mothers’ breastfeeding infants received
no vitamin D supplement or were given a placebo.
These infants’ 25(OH)D concentrations were compared
to infants who were given vitamin d supplements dir-
ectly (300-1,0001U/d) and were breastfed by non-sup-
plemented mothers (n=3 studies) or mothers given
4001U/d of vitamin D (n=1 study). Results from these
studies were mixed [51-54].

Food interventions. Three RCTs (2 medium and 1
high risk for biases) assessed the effect of food forti-
fied with vitamin D (80-1,0001U/d) on 25(0OH)D con-
centrations. One study comparing fortified and non-
fortified foods reported no group differences [55]. One
study found that direct vitamin D supplementation to
breastfed infants resulted in significantly increased
25(0OH)D compared to neonates exclusively fed with
fortified infant formula and those with no intervention
[33]. The final study reported significantly increased
25(0OH)D in fair- and dark-skinned children given foods
fortified with 400 or 1,0001U/d vitamin D but no
change in 25(0OH)D if foods were fortified with 801U/
d [56].

Combined vitamin D and calcium supplementation.
Three RCTs (all high risk for biases) reported the effect
of combined vitamin D and calcium supplementation
on serum 25(0OH)D concentrations. Two studies found
no significant group differences for children given
equal vitamin D doses but different doses of calcium
[58] or equal calcium doses with different doses of
vitamin D [34]. The other study found significantly
higher 25(0H)D in children given vitamin D plus cal-
cium compared to calcium supplementation only [57].

Vitamin D upper limits

KQ UL1a. At what levels of vitamin D intake are
adverse effects observed in children aged
0-4 years?. Altogether, 47 studies with various designs
(RCTs, single-arm interventions, cohorts, case-cohorts,
nested case-controls, cross-sectional studies, and case
reports) reported on the association between vitamin
D intake or serum 25(0OH)D and adverse effects (see
Supplemental File for references). Evidence was very
low on two of the upper limit outcomes — hypercalce-
mia and hypercalciuria. Generally, the rate of hypercal-
cemia increased with the dose of vitamin D; however,
studies were inconsistent and imprecise. The rate of
hypercalciuria was variable among studies and inter-
vention arms. It should be noted that the definitions
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of hypercalcemia and hypercalciuria were variable
across included studies. For all other UL KQla out-
comes (i.e. growth and development, nephrocalcinosis,
kidney stones, and mortality), evidence was deemed
insufficient due to limited high-quality studies identi-
fied by this systematic review.

KQ UL1b. What are levels of vitamin D intake at
which a prespecified threshold of serum 25(OH)D is
reached in children aged 0-4years?. For KQ 1b,
RCTs included in KQ3 (described earlier) that reported
the effect of vitamin D intake on achieving prespeci-
fied thresholds of serum 25(OH)D, as defined by the
original studies, are included. Studies were organised
separately by vitamin D intervention types: daily dose
interventions, single and intermittent large dose inter-
ventions, or interventions with fortified and non-forti-
fied foods. Additionally, a variety of 25(OH)D assay
methods were used across included studies, so no
meta-analysis was performed. Prespecified thresholds
of serum 25(OH)D included 30nmol/L (12ng/mL),
50 nmol/L (20 ng/mL), 75 nmol/L (30 ng/mL), 125 nmol/
L (50ng/mL), and 150 nmol/L (60 ng/mL). Results var-
ied by a study where each reported the percentage of
participants achieving prespecified serum 25(OH)D
thresholds as the outcome, and the percentage of par-
ticipants reaching the prespecified threshold was vari-
able and may have depended on the 25(0OH)D assay
methods, threshold level, intervention dose, and inter-
vention duration. Therefore, we concluded that evi-
dence is insufficient for answering KQ ULTb despite
having found a moderate level of evidence for the
effect of daily vitamin D supplementation on raising
serum 25(0OH)D concentrations (KQ3).

Discussion

Vitamin D is a conditionally essential micronutrient
because the amount synthesised in the skin under
sunlight (ultraviolet [UV]-B light) exposure is often not
sufficient to meet our needs, and thus humans need
to consume dietary forms of vitamin D under certain
circumstances. Vitamin D content in human milk is
highly variable and might be affected by season,
maternal dietary intake of vitamin D, and ethnicity
[105], and there is little vitamin D that occurs naturally
in the food supply. The efficacy of conversion of 7-
dehydrocholesterol in the skin after exposure to UV-B
light to cholecalciferol (vitamin Ds) is dependent on
the time of day, the season of the year, latitude, skin
colour, and age. Vitamin D, (ergocalciferol) is pro-
duced in mushrooms and yeast. The native form of
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vitamin D is not biologically active. The active form of
vitamin D is 1,25(0OH),D (calcitriol), which is first
hydroxylated from vitamin D to 25(OH)D in the liver
and then hydroxylated by the kidney. One of the
major biological functions of vitamin D is to maintain
calcium homeostasis. Calcitriol also acts as a hormone
working through the activation of signal transduction
pathways linked to vitamin D receptors on cell mem-
branes. Major sites of action include the intestine,
bone, parathyroid, liver, and pancreatic beta cells.
Thus, vitamin D could be considered a prohormone
that can affect the risks of disease development.

In the past decade, many high-income countries
have adopted the NRV framework as well as the meth-
odological approach to deriving two core NRVs, the
Average Requirement (AR) and the Tolerable Upper
Intake Level (UL), that are needed to assess the nutri-
tional adequacy and safety of nutrient intakes by
population groups [106]. However, due to constraints
by a lack of resources and access to data, particularly
for conducting systematic reviews, low- and middle-
income countries and some global organisations, such
as the WHO and the FAO, could not carry out the full
process of deriving the AR and UL [107]. The first step
in the decision-making process associated with the
development of NRVs is the identification of poten-
tially useful measures or “indicators” that reflect a
health outcome causally linked to the intake of the
nutrient. Integrating systematic reviews in the NRV
framework can provide a transparent and reproducible
process. The evidence report summarised herein was
commissioned by the FAO/WHO in 2020 and was pre-
pared to support an international expert group to
derive AR and UL values for children aged 0-4years
across the globe. It is important to note that the evi-
dence report does not make nor was it intended to
make recommendations for NRVs concerning vitamin
D, as this responsibility lies with the expert group. The
evidence report was the core source of data but not
the only data source that the expert group considered
during their deliberations. To derive vitamin D NRVs
and make intake recommendations, the FAO/WHO
expert group applied the dose-response approach,
which is an intake-response assessment describing
how a known physiological outcome changes accord-
ing to the intake of a nutrient. The physiological out-
come may be a biomarker of function, disease, or
other health outcomes. The highest strength of evi-
dence for intake-response assessment is high-quality,
dose-response trials with relevant physiological out-
comes. The list of relevant physiological outcomes was
selected by the expert group a priori to define the
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health outcomes of interest in each key question of
the present systematic review. In this systematic
review, we found an insufficient or low certainty level
of evidence from RCTs or non-RCTs regarding the
effect of different levels of vitamin D intake on clinical
outcomes (KQ1). With scarce dose-response trials, data
from observational studies relating a dose-response
relationship between 25(0H)D concentrations and clin-
ical outcomes can be used to complement RCT data
for causal inference. However, we found the observa-
tional evidence (KQ2) is of lower quality than evidence
from trials (KQ1). Taken together (Table 5), the current
totality of evidence from trials and prospective obser-
vational studies do not reach sufficient certainty level
to support a causal relationship between vitamin D
intake and asthma, wheeze, eczema, infectious dis-
eases, or rickets (most trials reported no rickets) in
generally healthy infants and young children. Low-
quality evidence suggests the effect of vitamin D
intake on growth and neurodevelopment outcomes in
generally healthy infants and young children is mostly
null, and the effect on bone mineral content and
bone mineral density outcomes is inconsistent.
Evidence regarding adverse outcomes (growth and
development, nephrocalcinosis, kidney stones, mortal-
ity, hypercalcemia and hypercalciuria) of excessive
vitamin D intake was deemed insufficient or very low
certainty (KQ UL1a) due to poor-quality data. The only
body of evidence that reached moderate level of cer-
tainty was regarding the effect of daily vitamin D sup-
plementation (vitamin Ds or D, supplements to
infants/children) on increasing serum 25(0OH)D concen-
tration, which is a measure of vitamin D status (KQ3).
However, evidence is insufficient to answer the key
question regarding are levels of vitamin D intake at
which a prespecified threshold of serum 25(OH)D is
reached (KQ UL1b).

Scientific communities have reached a consensus that
serum total 25(0OH)D concentration, which reflects the
amount of vitamin D from both dietary sources and cuta-
neous synthesis, can be used as a biomarker of vitamin
D status. Yet, there is currently no consensus on the defi-
nitions of vitamin D status, e.g. deficiency, insufficiency,
sufficiency and toxicity, based on serum 25(0OH)D concen-
trations [108]. Variability of 25(OH)D assays is widely rec-
ognised; therefore, only standardised 25(0OH)D data can
provide the necessary level of accuracy and precision
essential to the process of developing vitamin D guide-
lines and policies including vitamin D NRVs [109]. A
standardised 25(0H)D measurement is defined as one
that provides the ‘true’ total 25(OH)D concentration as
measured by the three Joint Committee for Traceability

in Laboratory Medicine (JCTLM)-recognised reference
measurement procedures [110]. Standardisation of
25(0H)D measurements requires individual data, so it
cannot be done using the group or summary data
extracted from the published literature. Therefore, the
meta-regression results (Figure 4) should be interpreted
with caution due to our inability to account for the vari-
ability of the 25(0OH)D assays in our analysis. The meta-
regression analysis presented in the evidence report was
only the first step in modelling the association between
vitamin D supplementation doses and achieved 25(0OH)D
concentrations. The analysis did not adjust for known
confounding factors such as baseline 25(0OH)D, duration
of intervention, and calcium intake levels. However, it
should be stressed that meta-regression analysis of sum-
mary data has limited ability to properly adjust for con-
founding and may suffer from ecological fallacy.

Another limitation of this systematic review is that
many included RCTs and observational studies were of
poor quality, often due to challenges in conducting
vitamin D research. Many included RCTs were rated as
high risk for bias due to deviations from the intended
interventions. Unlike clinical guidelines, nutrient intake
recommendations prefer data on the effect of adhering
to intervention (efficacy data) than the ‘intention to
treat’ data (effectiveness data). This is because setting
NRVs needs accurate and precise measurement of nutri-
ent intake levels in both RCTs and observational stud-
ies. To observe sufficient changes in clinical outcomes,
long intervention durations are needed. This makes
adherence during the intervention period a challenge
when conducting RCTs. Per Cochrane ROB assessment
instructions, both naive ‘per-protocol’ analyses (exclud-
ing trial participants who did not receive their assigned
intervention) and ‘as treated’ analyses (in which trial
participants are grouped according to the intervention
that they received, rather than according to their
assigned intervention) should be considered inappropri-
ate. While observational studies are more feasible to
examine the effect of vitamin D on long-term out-
comes, they have their own challenges and limitations.
Specifically, dietary assessments of vitamin D intake lev-
els are not accurate due to the inadequacy of nutrient
composition tables for vitamin D [15], and multiple
25(0OH)D measurements over time are needed to more
accurately estimating long-term vitamin D status.

The evidence report provided the expert group with
a foundation and core set of data to help set vitamin D
NRVs for infants and children up to 4years of age.
Modelling the intake-response relationship of vitamin D
intake level to achieve a 25(0OH)D level that is linked to
an adequacy outcome, such as the prevention of rickets
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Figure 4. Random-effects meta-regression analysis on the association between daily vitamin D supplementation and 25(0OH)D con-
centrations achieved post-intervention in children 0-4years. Legend: Cl = confidence interval; IU/d =international units per day;

Vit D = vitamin D from supplements.

(osteomalacia), would be required to set a vitamin D AR.
Similar to setting a vitamin D UL, an intake-response
model is needed to better estimate vitamin D intake lev-
els that increase the risk of adverse outcomes. Unlike
IOM’s DRIs, FAO/WHO's intake recommendations do not
assume no vitamin D from VU-B exposure. Thus, another
systematic review was commissioned to quantify the
effects of UV-B exposure on vitamin D status [111] so
the amount of cutaneous synthesis of vitamin D can be
accounted for in the intake-response modelling. Finally,
since the FAO/WHO's intake recommendations are
intended to be used by countries across the globe, infor-
mation about the local context, such as risk of malnutri-
tion or latitude (a proxy for UV-B exposure level), is
critical for making the most appropriate adjustments to
vitamin D NRVs to suit the intended population.
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