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Background

The objective of this systematic review was to synthesize all available evidence that met
predefined eligibility criteria for informing a Food and Agriculture Organization of the United Nations
(FAO)/World Health Organization (WHO) expert group, whose charge was to update the vitamin D
requirements for children aged 0 to 4 years.! During phase I of this work, the FAO/WHO expert group
reviewed and discussed the results of a scoping review? and other background documents. The group
then formulated the key questions (KQs) of this systematic review using a generic analytic framework
(Figure 1). In this analytic framework, the term “Indicators of Exposure (Nutrient Intake),” as defined
within the Dietary Reference Intake (DRI) context, are measures that correlate with dietary intake of a
nutrient, such as nutrient biomarkers, nutritional status, or markers of nutritional status. Specifically, the
indicators of vitamin D exposure (i.e., vitamin D intake and sun exposure) included serum 25-hydroxy
vitamin D [25(OH)D] concentrations.* Dose-response randomized controlled trials (RCTs) assessing the
effects of nutrient intake levels on age-specific clinical outcomes of public health importance (Arrow 1
in Figure 1) would provide the best direct evidence for setting nutrient reference values (NRVs).
However, such evidence is often lacking for chronic disease endpoints, as shown in the scoping review
of vitamin D and health outcomes in children 0 to 4 years.? In the absence of direct evidence, a
“piecemeal approach” has been suggested as an option for setting NRVs.> For example, data that address
the dose-response relationship between nutrient intake and indicators of exposure or surrogate outcomes
(Arrows 4 and 5 in Figure 1) can be synthesized with data that address the relation between indicators of
exposure and clinical outcomes (Arrow 3 in Figure 1) to set NRVs. This “piecemeal approach” (also
known as the “dose-response approach’®) has the advantage of relying on a wider breadth of available
evidence but also has many uncertainties.’

In phase I of this work, the FAO/WHO expert group determined a dose-response approach
would be appropriate for setting vitamin D requirements. Thus, the expert group utilized the analytic
framework® (Figure 1) to formulate KQs for vitamin D requirements and upper limits (ULs).
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Figure 1. A generic analytic framework to assist formulation of Key Questions for the development of
DRIs using a dose-response approach
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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.

Key Questions and Study Eligibility Criteria
L. Vitamin D Requirements

KQI1. What is the effect of different levels of vitamin D intake on health outcomes in children aged 0 to
4 years? (See Table 1 for KQ1 eligibility criteria.)

Planned subgroup analyses:

Level of vitamin D intake (i.e., dose-response)

Source of vitamin D (e.g., food, fortified food, supplements, formula, breast milk)

For supplements, different formulation of supplements

Different forms of vitamin D (e.g., D2, D3)

Calcium intake

Sun/UV-B exposure, latitude, months of year when 25(OH)D levels were assessed

Age

Breastfeeding (BF) status (e.g., exclusive BF, any BF, exclusive formula)

Analytical method for determining circulating 25(OH)D (including by calibration to NIST
standard, etc., where appropriate)
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e Race and ethnicity
e Skin color

Table 1. Vitamin D requirements KQI1 eligibility criteria

Category Inclusion Criteria Exclusion Criteria

Study e Randomized (paralleled or crossover) | ® In vitro (cell) and animal studies

designs of controlled trials, or nonrandomized e Observational studies [Note: Dietary

interest controlled trials assessments of vitamin D intake levels
e Intervention duration > 2 weeks were not included due to inadequacy

of nutrient composition tables for
vitamin D]

e Single-arm trials

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

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

Populations | Generally healthy?® children 0 to 4 years e Critically ill children admitted to

of interest old 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)

Interventions | e Dietary vitamin D intake (with or e Non-oral intake of vitamin D such as
of interest without calcium) from foods or injections or peripheral parenteral
supplements nutrition
e UV exposure to manipulate 25(OH)D | e Intervention studies in which effects
levels 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 | Any None
of interest
Outcomes of e Growth and development e Maternal health-related outcomes
interest (anthropometric indices, failure to | ® Any outcome measured only at birth
thrive, etc.) in mothers or in infants
e Neurological development® * Lead concentration
e Infectious disease e Health-service utilization outcomes




Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al. Supplement

Category Inclusion Criteria Exclusion Criteria

e Autoimmune disease

e Asthma, wheezing, or atopic
dermatitis

e Fracture

¢ 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?

e COVID-19

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

2“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 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 circumference (MUAC), skinfold thickness,
head circumference.

¢ Autism is not an outcome of interest, but cognitive or intellectual development assessed by 1Q is of interest.

4For 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.

KQ2. What is the association between serum 25(OH)D concentrations and health outcomes in children
aged 0 to 4 years? (See Table 2 for KQ2 eligibility criteria.)

Planned subgroup analyses:

Level of vitamin D intake (i.e., dose-response)

Source of vitamin D (e.g., food, fortified food, supplements, formula)

Different forms of vitamin D (e.g., D2, D3)

Sun/UV-B exposure, latitude, time of year assessed

Age

Breastfeeding status

Analytical method for determining circulating 25(OH)D (including by calibration to NIST
standard, etc., where appropriate)

Race and ethnicity

e Skin color
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Table 2. Vitamin D requirements KQ2 eligibility criteria

Supplement

Category Inclusion Criteria Exclusion Criteria

Study e Cohort, nested case-control, or case- e In vitro (cell) and animal studies

designs of cohort studies in which 25(OH)D e Intervention studies

interest concentrations were measured before e Cross-sectional studies reporting

outcome ascertainment. only prevalence data (i.e., no
 Follow-up duration > 2 weeks correlation or association analyses)

e Retrospective case-control studies
e (ase reports or case series

Populations | Generally healthy” children 0 to 4 years old | @ Critically ill children admitted to

of interest 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

25(OH)D concentrations (irrespective of

Dietary assessments of vitamin D

interest measurement assay) intake only [Note: Dietary
assessments of vitamin D intake levels
were not included due to inadequacy
of nutrient composition tables for
vitamin D7]

Comparators | Different levels of 25(OH)D concentrations | None

of interest

Outcomes of e Growth and development e Maternal health-related outcomes

interest (anthropometric indices, failure to e Any outcome measured only at

thrive, etc.)®

e Neurological development®

e Infectious disease

¢ Autoimmune disease

e Asthma, wheezing, or atopic dermatitis

e Fracture

¢ 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

birth in mothers or in infants
e Lead concentration
e Health-service utilization
outcomes
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Category Inclusion Criteria Exclusion Criteria

e Calcium absorption and retention?

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

2“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 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 circumference (MUAC), skinfold thickness,
head circumference.

¢ Autism is not an outcome of interest.

4For 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.

KQ3. What is the effect of vitamin D intake on serum 25(OH)D concentrations in children aged 0 to 4
years? (See Table 3 for KQ3 eligibility criteria.)

Planned subgroup analyses:

Level of vitamin D intake (i.e., dose-response)

Source of vitamin D (e.g., food, fortified food, supplements, formula)
For supplements, different formulation of supplements

Different forms of vitamin D (e.g., D2, D3)

Calcium intake

Sun/UV-B exposure, latitude, time of year assessed

Age

Breastfeeding status

Analytical method for determining circulating 25(OH)D (including by calibration to NIST
standard, etc., where appropriate)

Race and ethnicity

e Skin color

Table 3. Vitamin D requirements KQ3 and ULs KQ1b eligibility criteria

Category Inclusion Criteria Exclusion Criteria
Study e Randomized (paralleled | ¢ In vitro (cell) and animal studies
designs of or crossover) controlled | ¢ Observational studies
interest trials, or e Single-arm trials
nonrandomized e Studies that used non-concurrent cohorts or non-
controlled trials concurrent controls
 Intervention duration> | ¢ Unpublished studies (e.g., conference abstracts,
2 weeks posters)
Populations | Generally healthy” children | e  Critically ill children admitted to intensive care unit
of interest 0 to 9 years old
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Category Inclusion Criteria Exclusion Criteria
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)
Interventions | Dietary vitamin D intake e Non-oral intake of vitamin D such as injections or
of interest (with or without calcium) peripheral parenteral nutrition
from foods or supplements | e Intervention studies in which effects of vitamin D
and/or calcium cannot be isolated
e Vitamin D analogs
Comparators | Any None
of interest
Outcomes of | 25(OH)D concentrations None
interest (irrespective of
measurement assay)

MAM = moderate acute malnutrition; SAM = severe acute malnutrition

2“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.

11. Vitamin D Upper Limits

KQIla. At what levels of vitamin D intake are adverse effects observed in children aged 0 to 4 years?
(See Table 4 for ULs KQla eligibility criteria.)

KQ1b. What are levels of vitamin D intake at which a prespecified threshold of serum 25(OH)D is
reached in children aged 0 to 4 years? (See Table 3 for ULs KQ1b eligibility criteria.)

10
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Table 4. Vitamin D ULs KQ1a eligibility criteria

Supplement

Category Inclusion Criteria Exclusion Criteria
Study e Intervention studies of any design | ® In vitro (cell) and animal studies
designs of e Observational studies of any e Unpublished studies (e.g., conference
interest design abstracts, posters)
e (ase reports of excess vitamin

intake (as defined in the original

studies)
Populations | Generally healthy® children 0 to 9 e C(ritically ill children admitted to intensive
of interest years old 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)

Interventions | e Intervention studies: Dietary e Non-oral intake of calcium and/or vitamin
or exposures vitamin D intake (with or without D such as injections or peripheral
of interest calcium) from foods or parenteral nutrition
supplements e Intervention studies in which effects of
e Observational studies: 25(OH)D vitamin D and/or calcium cannot be
concentrations (irrespective of isolated
measurement assay) e Vitamin D analogs
Comparators | Any None
of interest
Outcomes of | ¢  Growth and development” None
interest e Hypercalcaemia
e Hypercalciuria
¢ Kidney stones
e Nephrocalcinosis
e All-cause mortality

MAM = moderate acute malnutrition; SAM = severe acute malnutrition

a“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.
® Any definition for categorical growth and development outcomes associated with high levels of vitamin D intake or
25(OH)D concentrations, such as overweight or obesity (usually defined by BMI cut-off).

11
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Methods

We followed the methods for conducting a systematic review outlined in the Institute of
Medicine’s Standards for Systematic Reviews® and reported the study results according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.” We organized the
results into two chapters (I. Vitamin D: requirements; II. Vitamin D: upper limits) corresponding to the
sections described in Key Questions and Study Eligibility Criteria above. A prospectively developed
protocol was published on the International Prospective Register of Systematic Reviews, PROSPERO
(https://www.crd.york.ac.uk/prospero/; registration number: CRD42020198843).

Literature Searches and Study Selection Process

We developed search strategies according to the KQs (see the PROSERO: CRD42020198843)
and implemented the searches in MEDLINE®, Embase, and Cochrane Central databases to capture
studies from the inception of these databases to the 2™ week of June 2020. All searches had no language
restrictions but were limited to human studies. We performed reference mining for the included studies
in the relevant authoritative reports and systematic reviews.'° Finally, we rescreened the excluded and
included full-text articles from the scoping review? using the systematic review study eligibility criteria
(Tables 1-4).

Duplicated citations across databases were removed prior to the screening process. Titles and
abstracts were screened by two independent investigators using the Rayyan app for systematic reviews. !
Full-text articles of screened-in abstracts were retrieved and screened by one investigator according to
the study eligibility criteria (Tables 1-4). All rejected articles were reviewed by a second investigator to
confirm or refute their exclusion. Disagreements between the two investigators were adjudicated by a
third investigator or by group consensus. A list of excluded studies and exclusion reasons are available
upon request.

Data Extraction

To extract data from each included study, we created standardized data extraction forms
comprising study design and population characteristics, study results for all outcomes of interest, and
data that are required for the planned subgroup analyses (see Key Questions and Study Eligibility
Criteria). Data were extracted by one investigator and spot-checked by another investigator.

Risk of Bias Assessment
Two independent assessors performed a risk of bias (ROB) assessment for each included study,
and the disagreements were resolved via discussions between the two assessors.

We used the Cochrane Collaboration’s tool (ROB 2.0)'? to assess ROB for each included
interventional study. Overall ROB was rated for individual interventional studies using the Cochrane
criteria.'> We used the Newcastle Ottawa Scale (NOS) to assess the ROB for included cohort, case-
cohort, and nested case-control studies.!* Several NOS prompting questions were tailored or defined for
specific systematic review topics, including “ascertainment of exposure,” “comparability of cohorts
based on the design and analysis,” and “adequacy of follow-up of cohorts.” The “representative of
exposed cohort” question was removed due to the broad nature of the populations of interest in this
review. In addition, the NOS “ascertainment of exposure” question was modified in order to assess the
validity and uncertainty of intake assessment, which is one of the unique challenges that should be

12
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considered in nutrition-related systematic reviews.!'* In addition to the tailored prompting questions, the
Selection and Outcome domains of the NOS were further adapted to assess ROB for included case-
cohort and nested case-control studies. A new domain was also created to address the analyses
recommended to reduce bias in these observational designs.!>1

Data Synthesis and Strength of Evidence Rating

Data were synthesized for each KQ and for each outcome separately. Summary tables were
created to present key study features and results and to facilitate qualitative synthesis. The Grades of
Recommendation, Assessment, Development, and Evaluation (GRADE) approach!®?° was utilized to
determine strength of evidence for each outcome. GRADE evidence profile tables?! were used to present
synthesized data for each KQ and can be found in the Supplement.

Meta-analysis

For vitamin D requirement KQ3 (What is the effect of vitamin D intake on serum 25(OH)D
concentrations in children aged 0 to 4 years?), we performed random-effects meta-regression®>? to
examine the intake-response associations across studies. No meta-analyses were performed for all other
KQs due to large heterogeneity in exposure and outcome definitions or ascertainment methods across
included studies.

Organization of this report

Results were organized into one of the two main sections: I. Vitamin D Requirements and II:
Vitamin D Upper Limits. Within each main section, the results were then organized in the order of key
questions.
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Results

Supplement

Literature search and study selection processes of this systematic review are summarized in
Figure 2.

question; VDUL = vitamin D upper limits

Figure 2. Literature search and study selection process. Legends: VDKQ = vitamin D requirement key

Records identified through database searching
(n=20,930)

Records after duplicates removed
(n=16,198 )

Abstracts screened

Additional records identified
through other sources after
duplicates were removed
(n=293)
Reference Mining (n=99)
Scoping Review (n=222)

(n= 16,198 )

Abstracts and
additional records excluded
(n= 15,546)

Full text articles assessed for eligibility

Total full-text papers excluded

(n=973)

Papers included in qualitative synthesis for
vitamin D key questions

(n=823)
7 pending studies (unable to translate)
82 full-text article not found
74 set-aside due to age>9
658 did not meet eligibility criteria (see
Appendix for exclusion reasons)

(n= 146)2
VDUL
VDKQ1 VDKQ2 VDKQ3 VDUL KQ 1b
(n=34) (n=18) (n= 66) (n=35) (n=29)

l

Papers included in quantitative
synthesis (meta-analysis)
(n=39)

Total full-text papers included in qualitative
synthesis for calcium key guestions only
(n=33)

? The sum of papers for listed key questions is greater than 146, as some papers were included in more
than one key question.
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I. Vitamin D Requirements

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

A total of 34 interventional studies met the inclusion criteria for the effect of different levels of
vitamin D intake on health outcomes in children aged 0 to 4 years. No interventional studies reported
autoimmune disease or fracture as an outcome.

KQI. Atopic Outcomes: Asthma, Wheezing, and Eczema.

Table KQ1-1 shows the characteristics and results of interventional studies reporting the effects
of different levels of vitamin D intake on asthma, wheezing, and eczema outcomes. All studies were
parallel randomized controlled trials (RCTs) in design with the number of randomized participants
ranging from 195 to 987 in each trial. All trials were conducted in neonates and took place in the
Northern and Southern Hemispheres. One trial was conducted in exclusively Black or African American
preterm infants,?* one with 100% of mothers of Northern European ethnicity,?® and the other two trials
(conducted in New Zealand and Australia) did not report race or ethnicity of the infants.?%?” The
majority of infants included in one trial were deficient in vitamin D at baseline.>> All trials included an
intervention arm of 400 IU/d of vitamin D3 with other arms being 800 IU/d, 1,200 IU/d, or placebo.
Intervention duration was six months for three studies and 12 months for the last study.

Figure KQ1-1 shows the summary ROB and individual study ROB ratings for the included
studies in this section. Although all four trials have low ROB for measurement of the outcome, half of
the trials have some or high ROB from at least one ROB domain including bias arising from the
randomization process, bias due to deviations from intended interventions, bias due to missing outcome
data, and bias in the selection of the reported results.

Asthma

The three RCTs that investigated the effects of vitamin D on asthma reported mixed results. One
study found participants who received 400 IU/d of vitamin D3 were at lower risk of developing asthma
at six months compared to those who received placebo (RR = 0.055; 95% CI 0.003, 0.94).2° However,
there were no significant differences in the risk of asthma when comparing 800 IU/d of vitamin D3 to
placebo or when comparing 800 IU/d to 400 IU/d of vitamin D3 supplementation. The other two RCTs
that investigated the effects of vitamin D on asthma, both of which enrolled more participants for the
same or longer duration, found no significant difference between groups.?*%>

Wheeze

Two RCTs reported the effects of vitamin D supplementation on wheezing. One RCT comparing
400 1U/d of vitamin D3 to placebo found no significant difference in the risk of developing wheezing at
six months (RR = 1.08; 95% CI 0.06, 2.07).?” In another RCT, Black or African American preterm
infants who had achieved 200 [U/d of vitamin D from formula or human milk fortification were given
additional supplementation or placebo.?* Those given 400 IU/d vitamin D3 until 6 months’ adjusted age
showed reduced risk of recurrent wheezing compared to the placebo group (adjusted RR = 0.62; 95% CI
0.44, 0.87).

Eczema
Three RCTs reported the effects of vitamin D supplementation on eczema. None found a significant
difference in risk of eczema between groups (RR ranged from 0.74 to 1.12).242>%7

15



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al.

Supplement

Table KQ1-1. Characteristics and key findings of interventional studies reporting the effects of different levels of vitamin D intake on asthma,
wheezing, and eczema outcomes

Study Health
design; N Mean Mal status; Vitamin D
Authors randomize  Enrollmen Location; age (SD) e Breastfeedin Race or  nutrition interventio Interventio  Compariso Key
(year) d t years latitude [range] (%) g status ethnicity status n groups * n duration n groups” findings ©
Grant et RCT; N= 2010-2011  Auckland, Neonate 46.5 AnyBF NR 100% VD3: 400 6 months Placebo Asthma:
al. (2016) 260 New s Healthy;  1U/d; 800 RR=0.05
26 Zealand; - NR IU/Md 5(0.003,
36° 0.94)
(400 1U/d
vs.
placebo);
RR=0.35
(0.01,
1.25 (800
IU/d vs.
placebo);
RR=6.36
(0.32,
124.8)
(800 1U/d
vs. 400
1U/d)
Hibbs et RCT; N= 2013-2016  Cleveland, Neonate 55.3 Any BF 100% 100% VD3 400 6 months None Asthma:
al. (2018) 300 Charleston s Black or  preterm 1U/d until 6 RR=0.84
24 ,and African months’ 041,
Bronx, America adjusted age 1.7)
US; ~38° n (sustained
group); VD3 Asthma
400 TU/d or
until taking wheezing
at least 200 :
1U/d of VD RR=0.94
from (0.65,
formula or 1.35)
human milk
fortifier Eczema:
(diet-limited RR=0.82
group) (0.62,
1.088)
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Recurrent
wheezing
: adj.
RR=0.62
(0.44,
0.87)¢

Rosendah  RCT; N= 2013-2014  Helsinki, Neonate 50.3  Any BF 100% of  Generally VD3: 400 12 months None Asthma:
letal. 987 Finland; S Mothers  healthy; 1U/d; 1200 0.49
(2019) » 60° were 95.7% 1U/d (0.02,
northern  with 14.5)
European vitamin D (1200
ethnicity  deficienc 1U/d vs.
y 400 IU/d)

Eczema:
0.74
(0.53,
1.02)
(1200
1U/d vs.
400 IU/d)

Rueteret RCT; N= 2012-2017  Perth, Neonate 53% NR NR NR VD3 400 6 months Placebo Eczema:

al. (2019) 195 Australia; s 1u/d 1.12

2 -32° (0.62,
2.02)

Wheeze:
1.08
(0.06,
2.07)

adj. = adjusted; BF = breastfeeding; d = day; IU = international units; N = sample size; NR = not reported; RCT = randomized controlled trial; RR = risk ratio; SD = standard
deviation; VD = vitamin D; VD3 = vitamin D;

4 Administered in the form of a supplement unless otherwise stated.

® Comparison group: Non-vitamin D or non-calcium intervention group.

¢Results compare higher dose groups to lower dose groups unless otherwise noted; Results are reported as: effect measure = effect size (95% confidence interval).

4 Adjusted for randomization strata, time in study, gestational age, and the variables associated with recurrent wheezing in bivariate analysis.
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Figure KQ1-1. Summary ROB plot (panel a) and individual study ROB (panel b) for trials examining
the effects of different levels of vitamin D on wheezing, asthma, and eczema outcomes

Bias Summary for VDKQ1 Wheezing, Asthma, Eczema

Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias in measurement of the outcome

I
I
Bias due to missing outcome data [
I
I

Bias in selection of the reported result

Overall risk of bias

0% 25% 50% 75% 100%

D Low risk D Some concerns . High risk

b.
Risk of bias domains
| ot | b2 | D3 | Da | D5 | Overal |
Grant, 2016 * S X &) &) )
z | Hibbs, 2018 =) X ) *) * X
& Rosendahl, 2019 @ . . @ @ .
Rueter, 2019 @ @ @ @ @ @

Domains: Judgement

D1: Bias arising from the randomization process. _

D2: Bias due to deviations from intended intervention. . High

D3: Bias due to missing outcome data. 2 Some concems
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. + Low

KQlI. Infectious Disease Outcomes

Table KQ1-2 shows study characteristics of 8 interventional studies reporting the effects of
different levels of vitamin D intake on infectious disease outcomes. All studies were RCTs that
compared different levels of vitamin D3 (n = 4), compared vitamin D3 to controls receiving no vitamin D
intervention (i.e, placebo or no intervention) (n = 2), or both (n = 2). The number of participants
randomized ranged from 88 to 3,046 in each trial, with half the studies randomizing 300 or fewer
infants. All studies were conducted in the northern hemisphere with latitudes ranging from ~29 to 60.2.
In most studies, baseline health status of participants was either not reported and presumed healthy or
generally healthy. One study included preterm infants with a mean gestational age of 33 weeks.?*
Nutritional status was not discussed in most studies; however, one study included exclusively
malnourished infants,?® and another study reported nearly all participants were deficient in vitamin D at
baseline.? All study interventions included a daily regimen of vitamin D3, ranging from 400 to 1,200
1U/d, except for one group that received a bolus dose of 100,000 IU vitamin D3 once every three
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months.?® Intervention durations ranged from 4 to 23.5 months. Two follow-up studies reported different
outcomes 12 months after the same trial consisting of a six-month intervention.?*** Almost all studies
reported on respiratory infections with classification either by general anatomic location (e.g., upper
respiratory tract, lower respiratory tract), specific anatomic location (e.g., pneumonia, bronchitis, otitis
media), or causative agent (e.g., influenza A). Other reported infectious diseases included gastroenteritis,
“other infections,” or “all infections.”

Figure KQ1-2 shows the summary ROB and individual study ROB for trials included in this
section. Three-quarters of the included studies were prone to bias due to deviations from intended
interventions. This was often due to high levels of non-adherence to the intervention or to the absence of
statistical analyses assessing the effect of adherence to the intervention. Half of the studies were prone to
bias due to missing outcome data with no evidence to suggest results were not biased due to
missingness. Other potential bias arose from poorly described or inappropriate randomization processes
and from a lack of evidence or indication that detailed analysis and statistical plans were pre-specified
before unblinded outcome data were available.

The eight included studies collectively reported 20 total infectious disease outcomes, which
included 15 respiratory infection outcomes, one gastroenteritis outcome, and four other or unspecified
infectious disease outcomes. Of all 20 reported outcomes, 19 were not significantly different between
intervention groups. One RCT found infants receiving 1,200 IU/d of vitamin D3 were significantly less
likely to develop influenza A over 4 months compared to infants receiving 400 [U/d of vitamin D3 (RR
=0.54; 95% C10.42, 0.77).%!
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Table KQ1-2. Characteristics and key findings of interventional studies reporting the effects of different levels of vitamin D on infectious disease

outcomes

Author
(year)

Study
design; N
randomize
d

Enroll-
ment
years

Location;
latitude

Mean
age (SD)
[range]

Mal

(%)

Breast

feedin

g
status

Race or
ethnicity

Health
status;
nutrition
status

Vitamin D
interventio
n groups *

Compariso
n groups ”

Key findings ¢

Aglipay et
al. (2017) 32

Alonso et al.

(2011)

Grant et a.
(2015) 30d

RCT; N=
703

RCT; N= 88

RCT; N=
260

2011-
2015

2007-
2008

2010-
2011

Toronto,
Canada; 43°

Spain; 43°

Auckland,
New
Zealand; -
36°

2.7 (1.5)
years

Neonate
S

Neonate
S

574

523

NR

Any
BF

Any
BF

Any
BF

NR

NR

NR

100%
Healthy;
NR

100%

Healthy;
NR

NR; NR

VD3: 400
1U0/d; 2000
1U/d

VD3: 402
10/d

VD3: 400
1U/d; 800
1U/d

None

Without
intervention
(no placebo
was used)

Placebo

URTL:
IRR=0.97
(0.80, 1.16)

Infectious
disease: “not
significantly
different
between
groups”

Healthcare
visit for any
respiratory
infection:
RR=0.87
(0.65, 1.16)
(400 TU/d vs.
placebo);
RR=1.07
(0.82,1.39)
(800 IU/d vs
placebo)

Healthcare
visit for any
other
infection:
RR=1.51
(0.82, 2.76)
(400 IU vs
placebo);
RR=1.39
(0.74, 2.61)
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Grant et al.
(2016) 264

RCT; N=
260

2010-
2011

Auckland,
New
Zealand; -
36°

Neonate
S

46.5

Any
BF

NR

Supplement
Generally  VD3: 400
healthy; 1U/d; 800
NR IU/Md

6 months

Placebo

(800 TU vs
placebo)

Bronchiolitis:
RR=1.00
(0.64, 1.65)
(400 1U/d vs
placebo);
RR=0.86
(0.50, 1.48)
(800 IU/d vs
placebo)

Bronchitis:
RR=0.43
(0.11, 1.60)
(400 TU/d vs.
placebo);
RR=0.75
(0.25,2.27)
(800 IU/d vs.
placebo)

Cold or
influenza:
RR=0.94
(0.65, 1.26)
(400 TU/d vs.
placebo);
RR=1.02
(0.71, 1.47)
(800 IU/d vs.
placebo)

Croup:
RR=1.29
(0.80, 2.08)
(400 1U/d vs.
placebo);
RR=1.00
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Hibbs et a.
(2018)

RCT; N=
300

2013-
2016

Cleveland,
USA;
Charleston,
USA;
Bronx, NY,
USA; ~38°

Neonate
S

55

Any
BF

100%
Black or
African
America
n

100%
preterm
(mean
GA=33);
NR

Supplement

VD3: 400
1U/d

6 months

Placebo

(0.59, 1.70)
(800 TU/d vs.
placebo)

Otitis media:
RR=0.86
(0.55, 1.34)
(400 TU/d vs.
placebo);
RR=0.94
(0.61, 1.46)
(800 1U/d vs.
placebo)

URTL:
RR=0.89
(0.73, 1.08)
(400 TU/d vs.
placebo);
RR=0.90
(0.74, 1.09)
(800 IU vs.
placebo)

Wheezy lower
respiratory
infection:
RR=0.89
(0.50, 1.59)
(400 TU/d vs.
placebo);
RR=I1.11
(0.64,1.91)
(800 IU/d vs
placebo)

URTIL: RD=3.6
(-16.4, 4.4)

LRTI:

RD=08.3 (-
20.6,2.7)
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Other
infection:
RD=-1.6 (-
17.1,7.0)
Manaseki- RCT; N= 2008- Kabul, ~0.54 52 Any Father NR: Mal-  VD3: 18 months Placebo Incidence of
Holland et 3046 2009 Afghanistan  [0.17-1] BF ethnicity: nourished 100,000 first
al. (2012) 28 ; 34.6° years Tajik, 1U/3 mo pneumonia:
Pashton, IRR=1.07
Uzbek, (0.90, 1.27)
Hazara
Rosendahl RCT; N= 2013- Helsinki, Neonate 50.3 Any 100% Generally  VD3: 400 23.5 months  None Respiratory
etal. (2018) 987 2014 Finland, s BF White healthy; 1U/d; 1200 infection:
2 60.2° 95.7% 1U/d IRR=1.00
with (0.93, 1.07)
vitamin D
sufficienc Gastroenteritis
y : IRR=0.92
(0.79, 1.08)
Other
infections:
IRR=1.04
(0.91, 1.19)
All infections:
1.00 (0.93,
1.06)
Zhou et al. RCT; N= 2015- Yongkang, 0.65 523 Any Presume  Generally VD3:400 4 months None Influenza A:
(2018) 3! 400 2016 China; (0.22) BF d 100% healthy; 1U/d; 1200 RR=0.56
Wenzhou, years Chinese  Presumed IU/d (0.42,0.77)
China; normal
Jinhua,
China; ~29°

BF = breastfeeding; d = day; GA = gestational age; IRR = incident rate ratio; [U = international units; LRTI = lower respiratory tract infection; N = sample size; NR = not reported;
RCT = randomized controlled trial; RD = risk difference; RR = risk ratio; SD = standard deviation; URTI = upper respiratory tract infection; VD3 = vitamin D3

2 Administered in the form of a supplement unless otherwise stated.

b Comparison group: Non-vitamin D or non-calcium intervention group.

¢Results compare higher dose groups to lower dose groups unless otherwise noted; Results are reported as: effect measure = effect size (95% confidence interval).
4 Follow up to Grant et al. (2014) study.
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Figure KQ1-2. Summary ROB plot (panel a) and individual study ROB (panel b) for trials examining
the effects of different levels of vitamin D on infectious disease outcomes
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KQI. Growth and Neurological Development Outcomes

The characteristics and results for 16 publications (13 unique studies, one ancillary study, and
two follow-up studies) reporting on associations between vitamin D intake and growth or neurological
development outcomes in children aged 0 to 4 years are presented in Table KQ1-3. Most studies were
conducted at northern latitudes ranging from 29° to 46°. Two studies were conducted at 60° N,>*3% and
one study was conducted at 38° S.*® Twelve of the 13 unique studies were RCTs while the other was a
non-randomized controlled trial comparing certain growth outcomes.?” Intervention durations varied
widely from 2.5 to 23.5 months with approximately half the unique study interventions lasting eight or
more months. Five unique studies compared various daily doses of vitamin D (400, 800, 1,200, and/or
1,600 IU),***33841 gne study compared a daily dose of 400 IU vitamin D with a bolus dose of 50,000
IU,*® and one study compared a weekly dose of 1,400 IU vitamin D to a placebo.*’ Three studies
compared human milk or infant formula supplemented with vitamin D (400 IU/d supplement or 400-427
IU/L formulations) to human milk alone** or with a placebo.?” The remaining two studies included
various combinations of vitamin D supplementation or placebo for both infants fed human milk (400
IU/d or placebo) and their lactating mothers (600 IU/d, 6,000 IU/d, 120,000 IU/month, or placebo).*>*¢
Most studies recruited 100% healthy infants, but two studies enrolled preterm or low birth weight infants
who were otherwise generally healthy >

Growth and development outcomes for these studies were defined by measurements of the body
and head. Body measurements included weight; body length or height; lean mass; fat mass; body fat
percentage; leg length; and circumferences of the chest, arm (mid-arm or mid-upper arm), leg, waist,
hip, and thigh. Head measurements included head circumference, occipitofrontal circumference, and
anterior fontanelle maximum diameter. From these measurements, many studies calculated Z scores,
standard deviation scores, or indices (body mass index, lean mass index, and/or fat mass index).
Neurological development outcomes were defined by gross motor skills and measured in one ancillary
study of six-month-old infants*” and one follow-up study for participants under five years old.*®

Growth and Development Results

Eleven of the 13 unique studies (85%) reported no association between vitamin D interventions
and any growth and development outcomes (£>0.05). One study reported statistically significant
benefits for length at 12 months of age in infants given a formula with 427 IU/L (range of intake was
382-480 IU/L) compared to a placebo (P = 0.02).*” This study also showed a moderately significant
benefit for length at 12 months when comparing infants fed human milk supplemented with 400 1U/d
vitamin D to infants given human milk plus a placebo (P<0.1). There was no difference in weight and
head circumference between groups. It is important to note that formula fed infants in this study were a
non-randomized control group and that at six months of age, all randomized infants fed human milk
(including the previous placebo group) were given 400 1U/d vitamin D until weaned or until the study
ended when the infants were 12 months of age. Another study reported significant improvements in
weight-for-age and length-for-age Z scores as well as for arm circumference at age six months for
neonates assigned to a weekly dose of 1,400 IU vitamin D compared to a placebo (P<0.05).*> According
to the follow-up study, when participants were 3-6 years old, those originally assigned to the placebo
group had significantly better BMI, BMI Z score, and arm muscle area measurements than those from
the vitamin D group.*® No other growth and development measurements showed significant associations
with study group.
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Neurological Development Results

One of the two studies measuring neurological development found an association with vitamin D
intake and reported an inverse relationship.*” This study reported that one-month-old infants assigned to
400 IUd vitamin D had statistically significantly higher total scores on the Alberta Infant Motor Scale
(AIMS) at age 6 months compared to both the 800 IU/d and 1,200 [U/d groups (P<0.05). The 400 IU/d
group also performed significantly better than the 800 IU/d group for the prone and sitting subscores and
better than the 1,200 IU/d group on the sitting subscore (P<0.05). There were no group differences for
the supine and standing subscores.

Risk of Bias Results

Results for the ROB assessment conducted for all 16 publications are presented in Figure KQ1-
3. In all ROB domains, at least four studies were assessed as having some concern or high risk of bias,
and for three domains, 12 or more studies (=80%) had some concern or high risk of bias. The
randomization process and measurement of the outcome domains showed the lowest risk for bias. In
most studies, high dropout rates and a general lack of published pre-specified analysis plans or protocols
resulted in some concern or high risk of bias for missing outcome data and selection of the reported
results. Nearly all studies showed high risk of bias due to deviations from intended interventions. In
most cases, low adherence rates and a failure to conduct analyses to detect effects of non-adherence led
to risk of bias in this domain.
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Table KQ1-3. Characteristics of vitamin D interventional studies that assessed growth and development and/or neurological development outcomes

Study GA or Health
design mean age status; Growth/dev  Vitamin D or Interven
;N Enroll (SD)/ Breastf nutritio elopment calcium tion
Author enrolle ment Location; median Male eeding Raceor nal outcome(s) intervention duration Compariso
(year) d years latitude [range] (%) Status ethnicity  status analyzed group (months) n group(s)* Key findings”
100% Healthy Infants
Chanet RCT; NR Salt Lake  GA:NR NR Any BF  White: 100% Weight; VD + Ca: 12 BF only Weight: 0
al. N=91 City, [38-41] (mixed  100% Healthy; length Infant Length: 0
(1982) United weeks feeding) NR formula with
= States; 41° 400 IU/L
(VD) + 51
mg/dl (Ca);
VD: BF +
400 TU/d
supp
Chandy RCT; 2012-  Lucknow, ~0 (NR) NR Any BF  100% 100% Weight; VD3: BF + 9 BF + All growth/
et al. = 2014 India; 26°  days (mixed  Asian Healthy; length; head 400 IU/d placebo dev. outcomes
(2016) 230 feeding) Indian NR cir.; chest (infant) and (infant) and  (at 3.5
4 cir.; anterior  placebo 120,000 IU  months): 0
fontanelle (mother) VD3/month
max. (mother);
diameter BF +
placebo
(infant and
mother)
Dawodu RCT; 2013-  Doha, <4 (NR) NR Exclusi  100% Ara 100% Weight; VD3: BF + 6 BF + Weight: 0
et al. = 2016 Qatar; 25°  weeks ve BF b Healthy; length; head 400 IU/d placebo Length: 0
(2019) 190 low cir. (infant) and (infant) and  Head cir.: 0
46 vitamin 600 IU/d 6,000 IU
D intake (mother) VD3/d
(mother)
Enlund- RCT; 2013-  Helsinki, GA:40.2 503 Any BF  White: 100% Weight; VD3: 400 23.5 None Weight: 0
Cerullo N=987 2014 Finland; (1.1) (mixed) 100 Healthy; length-ad;. 1U/d; 1,200 Length-adj.
et al. 60° weeks (Northern Normal  weight SDS  IU/d weight SDS:
(2019) European) +
34
Galloet RCT,; 2007- Montréal, ~34.3 57.6 Exclusi ~ White: 100% WAZ; HAZ; VD3:400 11 None All growth/
al. N=132 2010 Canada; (95% CIs  56.3 ve BF 84.1%; Healthy; HCAZ; 1U/d; 800 dev. outcomes
Follow 46° ranged at 3- Other: NR 1U/d; 1,200 (at 12 and 36
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Study GA or Health
design mean age status; Growth/dev  Vitamin D or Interven
s N Enroll (SD)/ Breastf nutritio elopment calcium tion
Author enrolle ment Location; median Male eeding Raceor nal outcome(s) intervention duration Compariso
(year) d years latitude [range] (%) Status ethnicity  status analyzed group (months) n group(s)* Key findings®
(2013)b  -up from31to year 14.4% 36-month 1U/d; 1,600 months of
38 study; 38) days follo (includes follow-up 1U/d age): 0
Hazell N=87 ~36.7 w-up Black, Height;
et al. (1.1 Hispanic, HAZ,
(2017) months at First weight;
o 3-year Nations, WAZ; BMI;
follow-up Asian, BAZ; lean
Hawaiian/ mass; fat
Pacific mass; body
Islander, fat
and percentage;
nonwhite lean mass
mixed index; fat
race) mass index
Greeret RCT; 1979 Madison,  GA: NR 44.4 Any BF  White: 100% Weight; VD2: BF + 6-12¢ BF + Weight (at 12
al. N=18 United [38-40] (repor (mixed  83%; Healthy; length; head 400 IU/d placebo months): 0
(1982) States; 43°  weeks ted feeding) Asian- NR cir. supp; Length (at 6
37 Non- (reported  for Indian: VD (Non- months): VD2
rando for RCT RCT 3%; Non- randomized supp >
mized groups group White: comparison formula >
compa only) S 13% group): Infant placebo (P-
rison only) formula with value or 95%
group; an average of CINR)
N=12 427 TU/L Length (at 12
[range 382- months): ++
480 TU/L] (formula vs.
placebo), +
(VD2 supp vs.
placebo), 0
(formula vs.
VD2 supp)
Head cir. (at
12 months): 0
Holmlu  RCT; 2010-  Helsinki, GA: ~404 504 Any BF NR 100% Weight; VD3: 400 2.5 None All growth/
nd-Suila N=113 2011 Finland; (~0.8-1.3) (mixed Healthy; length; head 1U/d; 1,200 dev. outcomes
et al. 60° weeks feeding) NR cir.; leg 1U/d; 1,600 (at age 3
1u/d months): 0
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Study GA or Health
design mean age status; Growth/dev  Vitamin D or Interven
s N Enroll (SD)/ Breastf nutritio elopment calcium tion
Author enrolle ment Location; median Male eeding Raceor nal outcome(s) intervention duration Compariso
(year) d years latitude [range] (%) Status ethnicity status analyzed group (months) n group(s)* Key findings®
(2012) length; leg
35 cir.
Huynh  RCT; 2013- St GA: 39 NR Any BF NR 100% Weight; VD3: 400 4 None Weight (at 3-
et al. N=70 2014 Albans, (1.1-1.2)/ (mixed Healthy; length; head IU/d; 50,000 4 months of
(2017) Australia; 40 [IQR: feeding Normal  cir. IU bolus age): + (400
36 -38° 1.2-1.3] 1U/d > 50,000
weeks; ~0 bolus)
[0-2] days Length: 0
at Head cir.: 0
enrollmen
t
Singh et RCT; 2013-  New GA:382 55 Exclusi  100% 100% Head cir.; VD3: BF + 6 BF only Head cir.: 0
al. = 2014 Delhi, (0.82- ve BF Asian Healthy; length; 400 U/ Length: 0
(2018) 100 India; 29°  0.87) Indian 60% weight; mid- Weight: 0
“ weeks; ~0 (interve  arm cir. Mid-arm cir.:
[0-2] days ntion -
at group)
enrollmen and 34%
t (control
group)
were
VD
deficient
at birth
Wagner RCT; NR Charlesto  GA:~39.0 47 Exclusi  White: 100% BMI; Maternal 6 Maternal BMI: 0
et al. N=19 n, South (~0.7-1.2) ve or 79% Healthy; weight; VD3: 400 VD3: 6400  Weight: 0
(20006) Carolina, fully BF Hispanic: NR; length; head  1U/d; infant 1U/d; infant ~ Length: 0
4l United 11% cir. BF with 300 BF, not Head cir.: 0
States; 33° Black: 1u/d supplemente
11% supplement d
Wicklo  RCT; 2009-  Montreal, 1 (NR) 56.4 Any BF  White: 100% WAZ; LAZ; VD3:400 11 None At 6 months
wetal. N=55 2011 Canada; month (mixed) 87.3% Healthy; HCAZ; 1U/d, 800 WAZ: 0
(2016)** 46° Other: Normal WLZ; Gross 1U/d, 1,200 LAZ: 0
7 12.7% motor skills  TU/d HCAZ: 0
(AIMS total WLZ: 0
and
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Study GA or Health
design mean age status; Growth/dev  Vitamin D or Interven
s N Enroll (SD)/ Breastf nutritio elopment calcium tion
Author enrolle ment Location; median Male eeding Raceor nal outcome(s) intervention duration Compariso
(year) d years latitude [range] (%) Status ethnicity  status analyzed group (months) n group(s)* Key findings®
subscores)f; AIMS total
all measures score: -- (800
taken at 6 1U/d vs. 400
months of 1U/d; 1,200
age 1U/d vs. 400
1U/d)
AIMS prone:
-- (800 IU/d
vs. 400 TU/d)
AIMS supine:
0
AIMS sitting:
-- (800 TU/d
vs. 400 1U/d;
1,200 IU/d vs.
400 IU/d)
AIMS
standing: 0
Ziegler  RCT; 2006-  Iowa City, 1 (NR) NR Exclusi  Native: 100% Weight; VD3: 200 8 None A weight (4-9
et al. N= 2010 United month ve BF 2.3%; Healthy; length 1U/d, 400 months): 0
(2014) 213 States; 41° to4 Asian: low 1U/d, 600 A length (4-9
40 months  0.9%; 25(0OH) 1U/d, 800 months): 0
of age Black: D levels 1u/d
2.8%;
Native: 0
White:
89.7%;
Hispanic:
4.2%
Generally Healthy Infants with Low Birth Weight (>1.5 kg) and/or Preterm Birth (>32 gestation weeks)
Kumar RCT; 2007-  New ~2.0[0-2] 46.7 NA at Presumed 100% WAZ; LAZ; VD3:1,400 6 Placebo WAZ': ++
et al. N=2,0 2010 Delhi, days at at follow-  100% with low weight/lengt IU/week LAZ!: ++
(201D 79 India; 29°  enrollmen enroll up Asian birthwei h z-score; Weight/length
42 N=912 t ment Indian ght (1.8-  head cir.; Z score': 0
Trilok-  at3-6 5.0 (1.0) 479 2.5kg) arm cir. Head cir.k: -
Kumar  year years at 3-  at 3-6 and at- At 3-6 year Arm cir.\; ++
et al. year risk for  follow-up
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Study GA or Health
design mean age status; Growth/dev  Vitamin D or Interven
s N Enroll (SD)/ Breastf nutritio elopment calcium tion
Author enrolle ment Location; median Male eeding Raceor nal outcome(s) intervention duration Compariso
(year) d years latitude [range] (%) Status ethnicity status analyzed group (months) n group(s)* Key findings®
(2015)¢  follow- 6 year follo infant Weight; At 3-6 year
a8 up follow-up  w-up mortalit WAZ; follow-up
y; 100%  height; BME: --
severely HAZ; BMI; BMIZi: --
VD BMIZ; waist MUAC!: -
deficient circ; hip cir.; Thigh cir.J: -
at MUAC; Arm muscle
enrollme thigh cir.; areal: --
nt triceps All other
~50% skinfold; growth/dev.
were subscapular measures': 0
VD skinfold; ASQ Scorel: 0
deficient arm muscle
at 3-6 area; gross
year motor dev.!
follow-  (ASQ score)
up only for
children <5
years old
(N=571)
Nataraja RCT; 2011-  North 3.0 [~1- 56.3 Any BF  Presumed Preterm  Weight; VD3: 400 3 None Weight: 0
n et al. N=96 2012 India; 14] days (mixed 100% infants length; OFC  1U/d; 800 Length: 0
(2014) ~29° feeding) Asian (mean 1u/d OFC: 0
3 Indian GA=32.
5
weeks);
VD
deficien
cy at
birth

adj. = adjusted; AIMS = Alberta Infant Motor Scale; ASQ = Ages and Stages Questionnaire; BAZ = BMI-for-age Z score; BF = breastfeeding; BMI = body mass index; BMIZ =
BMI Z score; Ca = calcium; cir. = circumference; CI = confidence interval; d = day; dev. = development; GA = gestational age; HAZ = height-for-age Z score; HCAZ: head
circumference-for-age Z score; IU = international units; LAZ = length-for-age Z score; MUAC = mid-upper arm circumference; N = number of participants; NA = not applicable;
NR = not reported; OFC = occipitofrontal circumference; RCT = randomized controlled trial; SDS = standard deviation scores; supp = supplement; VD = vitamin D; VD3 =

vitamin D3; WAZ = weight-for-age Z score; WLZ = weight-for-length Z score

2 Comparison group: Non-vitamin D or non-calcium intervention group.
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bResults compare higher dose groups to lower dose groups unless otherwise noted: ++ Significant beneficial effects (p < 0.05); + Marginally significant beneficial effects (0.05 < p
< 0.1); 0 No effects; - Marginally significant detrimental effects (0.05 < p < 0.1); -- Significant detrimental effects (p < 0.05); results=0 means there were no significant differences
observed for any outcomes of interest.

¢Follow-up to the Gallo et al. (2013)b* study conducted 3 years after enrollment.

4 At age 6 months, infants randomized to the placebo group were also given 400 IU VD/d after which all randomized infants received supplementation until weaned from
breastfeeding or until age 12 months when the study ended.

¢ Ancillary study to Gallo et al. (2013)b.3®

f Assessed with the Alberta Infant Motor Scale (AIMS) which includes a total score and four subscores: prone, supine, sitting, and standing.

¢ Follow-up to the Kumar et al. (2011) *? study conducted when participants were 3-6 years of age.

" Assessed with the Ages and Stages Questionnaire (ASQ), second edition.

i Results from multivariate linear regression models adjusting for baseline anthropometric z score (except for arm circumference where birth arm circumference was used instead),
sex, quintile of socioeconomic status, family type, maternal education, exposure to sunlight, and breast feeding for more than six months.

i Results from multivariate linear regression models adjusted for age at follow-up, family size (total number of adults + children in the household), family type, socioeconomic
status at baseline, maternal and paternal education (factors associated with being lost to follow-up) for Z scores and ASQ score; other variables also adjusted for sex.
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Figure KQ1-3. Summary ROB plot (panel a) and individual study ROB (panel b) for vitamin D
intervention studies reporting on growth or neurological development outcomes
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KQI. Rickets

Nine interventional studies conducted in children (0 to 4 years old) reported on the
association between vitamin D supplementation and the development of rickets. Table KQ1-4
presents each study’s definition of rickets, although most studies failed to provide much detail on
how rickets was determined and by whom (e.g., physician or research staff). Eight of these
studies (89%) were RCTs while one was a non-randomized controlled trial.*® Study sample sizes
ranged from 18 to 2,079 participants, and all studies were conducted between latitudes of 29°
and 61° north. Two of these studies included only exclusively human milk fed infants,'>? while
the rest (78%) studied infants with a mix of feeding styles (i.e., human milk, formula, and/or
solid foods). Four studies compared participants assigned to a vitamin D intervention to a
placebo group or participants with no intervention.?****742 Two studies compared multiple
vitamin D intervention arms with a placebo or no intervention group.>">* One study compared
infants assigned to calcium, vitamin D, or combined supplementation (calcium + vitamin D) with
a group receiving no intervention.’® Two studies compared two vitamin D arms.>>** Most of
these studies assigned vitamin D interventions as daily doses ranging from 200 to 1,000 IU/d.
One study assigned newborns to 1,400 IU vitamin D per week while another study assigned
older infants (mean age of 2.26 years) to a dose of 25,000 IU per month. Intervention durations
ranged from 1.5 to 36 months.

Only one study reported any clinical cases of rickets.’® This study found no effect of
supplementation on the prevalence of rickets (P = 0.214). It is important to note that 1.25% of
participants (n = 2) had severe rickets (defined as more than three signs of rickets) after one year
in the study while 1.33% (n = 2) had severe rickets at the end of the study. The highest reported
prevalence of rickets in this study was 1.77% (n = 3) at the end of study year two.

For most of these studies, all five domains of the ROB tool presented some concern for
bias (Figure KQ1-4). While just one of these studies was not randomized, the others generally
did not report details on randomization processes or efforts to conceal allocation sequences until
patient enrollment and assignment. In several studies, there was some concern for bias due to
deviations from intended interventions resulting from low levels of participant adherence to
supplementation protocols and no analysis of low adherence impact. The amount of missing data
for the rickets outcome in these studies resulted in some concern for bias in Domain 3. Most
studies had dropout or loss to follow-up rates higher than 90-95% likely due to the long study
durations, but few studies reported the impact of that missing data on outcomes assessment. In
terms of outcome measurement bias, there was less concern, but the lack of details on rickets
evaluation led to some concern for bias. Finally, due to a lack of reporting on analysis plans for
rickets outcomes by all nine studies, there was some concern for bias in selection of reported
results.

35



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al.

Table KQ1-4. Characteristics of vitamin D interventional studies that assessed rickets

Supplement

GA or
Study mean age Health Vitamin D or  Interventi Compa
design; Enroll (SD)/ Mal  Breastf status; calcium on rison
Author N ment Location; median e eeding  Race or nutritional intervention duration  group(s
(year) enrolled years latitude [range] (%)  Status ethnicity status group(s) (months) )? Rickets definition
Ala- RCT; 1982 Tampere, 0(0)days NR  Exclusi Presumably  100% VD: BF+400 5 BF + Biochemical signs
Houhala  N=92 Finland; ve BF 100% Healthy; 1U/d supp, BF 1,000 determined by
et al. 61° Finnish NR + 1000 ITU/d 18] mineral and AP
(1985) 3! supp VD/d levels
(mother
)
Alizade RCT; 2001- Tehran, GA:~32.7 50 NR NR GA 29-38 VD:4001U/d; 2 None Physical
et al. N=68 2002 Iran; 36° (28-37) weeks, 1000 TU/d examination and x-
(2006) > weeks birth ray analysis for
weight signs and
1500-2000 symptoms
g; NR (craniotabes,
rickets rosary, wide
fontanel, Harrison
groove,
kyphosis/scoliosis,
Potts belly)
Alonso et RCT; 2007 -  Northern 1 (NR) 522 Any BF Presumably  100% VD:4021U/d 12 No Determined by
al. (2011) N=102 2008 Spain; 43°  month (mixed  100% Healthy; interven  physical
33 feeding) Spanish NR tion examination
Greer et RCT; 1979 Madison, GA: NR 444  Any BF  White: 100% VD2: BF + 6-120 BF + Clinical signs
al. (1982) N=18 United [38-40] (mixed  94.4%; Healthy; 400 IU/d supp placebo  including
37 States; 43°  weeks feeding) Asian- NR craniotabes,
Indian: 5.6% rachitic rosary, or
widened wrists
Hibbset  RCT; 2013-  Cleveland, ~12.0 553 AnyBF Black or Preterm VD3:4001U/d 6 Placebo  Diagnosis
al. (2018) N=300 2016 Charlesto  [IQR ~6- (mixed  African infants [sustained] [diet-
24 n, and 21] days feeding) American: (mean limited]
Bronx, 100 (~7.6%  GA=33
United of all weeks);
States; parents Normal
41°,33°, reporting
41° race in the
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GA or
Study mean age Health Vitamin D or  Interventi Compa
design; Enroll (SD)/ Mal  Breastf status; calcium on rison
Author N ment Location; median e eeding  Raceor nutritional intervention duration  group(s
(year) enrolled years latitude [range] (%)  Status ethnicity status group(s) (months) )? Rickets definition
study were
Hispanic)
Kumaret RCT; 2007-  New ~2.0[0-2] 46.7 AnyBF Presumed 100% low  VD3: 1,400 6 Placebo  Determined by
al. (2011) N=2,079 2010 Delhi, days (mixed  100% Asian  birthweight [U/week physical
42 India; 29° feeding) Indian (1.8-2.5 kg) examination
infants at-
risk for
infant
mortality;
100%
severely
VD
deficient
Ponnapak RCT; NR Southern 0(0) [0] NR  AnyBF NR Generally VD3:2001U/d 6 Placebo  Elevated AP levels
kametal. N=80 Louisiana, years (mixed healthy from birth, 200 and evidence of
(2010) %3 United feeding) (<20% IU/d from age rachitic changes on
States; disease); 2 months hand X-rays
~30° Normal
Roozeet Non- 2010 Lhasa, 226 (NR) 48 Any BF  Presumed Generally Ca: 15 mmol/d 36 No Open fontanelle
al. (2016) randomiz Tibet; 30°  [0-5] (mixed  100% healthy VD: 25,000 interven after 1 year of age,
50 ed trial; years feeding) Tibetan (<20% IU/month tion craniotabes, frontal
N=207 disease); VD + Ca: bossing,
NR 25,000 enlargement of the
IU/month wrists, bowing of
(VD), 15 the legs, Harrison’s
mmol/d (Ca) groove, pigeon
chest, or
costochondral
swelling
Siafarika  RCT; NR Berlin, GA: 39 NR  Exclusi  Presumed 100% VD3: 250 1.5 None Determined by
s etal. N=40 Germany; [39-40] ve BF 100% Healthy; 1U/d; 500 TU/d physical
(2011) 2 53° weeks German VD examination
insufficienc
Y

AP = alkaline phosphatase; BF = breastfeeding; Ca = Calcium; d = day; GA = gestational age; IQR = interquartile range; IU = international units; N = sample size; NR = not
reported; RCT = randomized controlled trial; SD = standard deviation; supp = supplement; VD = vitamin D; VD3 = vitamin D;

2 Comparison group: Non-vitamin D or non-calcium intervention group.
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b At age 6 months, infants randomized to the placebo group were also given 400 TU VD/d after which all randomized infants received supplementation until weaned from
breastfeeding or until age 12 months when the study ended.
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Figure KQ1-4. Summary ROB plot (panel a) and individual study ROB (panel b) for vitamin D
interventional studies that assessed rickets as an outcome
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KQI. Bone Mineral Content and Bone Mineral Density Outcomes

Table KQ1-5 shows characteristics and results for 10 unique vitamin D interventional studies in
our review that assessed outcomes related to bone mineral content (BMC) or bone mineral density
(BMD). Sample size at enrollment ranged from 30 to 2,079, but seven of these studies (67%) had sample
sizes below 200. Eight studies (80%) were RCTs and 1 was a non-randomized trial.®> The remaining
study randomized human milk fed infants to either a vitamin D or placebo intervention for the first 6
months of life, and then all were given vitamin D supplementation until weaned.*’ This study also
included a non-randomized group of formula fed infants as a comparison group for bone mineral
outcomes only. All these interventional studies were conducted in the northern hemisphere with latitudes
ranging from 26° to 60°. Two studies compared a single vitamin D dosing group to a placebo group,?**3
three compared infants fed human milk or formula fed with a vitamin D supplement to a group fed
human milk with no supplement,3”*>%5 and the remaining five studies compared groups with different
doses of VD.??33:38:39:36 For most of these studies, vitamin D dosing was given as a daily regimen of 400
IU to 1,600 IU, while one study used a dose of 1,400 IU per week.*® Two studies did not specify total
daily vitamin D dose for study groups given infant formula but reported vitamin D IU per liter of
formula.’”* In all 10 studies, intervention duration was 2.5 months or greater with the longest duration
at 23.5 months. Three of the included studies were long term post-intervention follow-up studies of
RCTs with follow-up duration ranging from 3 months to 6 years. 3357

Other than general BMD and BMC measurements, bone structure and strength outcomes
reported in these studies included the following: speed of sound (SOS), bone transmission time (BTT),
stress and strain index (SSI), cross-sectional area of the bone (CSA), and polar moment of inertia. Areas
of measurement specified in the studies included metacarpal,> radius,>”***! ulna,*” femur,3®
tibia,?#2%>4 Jumbar spine vertebrae,*®>” and whole body.**>%%’ Five studies reported no difference in
BMD/BMC outcomes when comparing vitamin D supplementation to human milk only** or when
comparing groups with different vitamin D supplement doses (1,600, 1,200, 800, and 400 IU/d;*® 800
and 400 1U/d;* 1,200 and 400 1U/d;* 4,000 IU/d and 30,000 IU/wk>®). Two studies reported benefits to
BMC/BMD outcomes when comparing 400 [U/d vitamin D supplementation with a placebo but did not
report p-values or confidence intervals.>*3” One study reported statistically significant (P<0.05) benefits
for most BMC/BMD measurements when comparing the highest dose of vitamin D with lower doses
(1,600 IU/d vs. 400 TU/d; 1,600 IU/d vs. 1,200 TU/d).**> Another study reported statistically significant
(P<0.05) benefits for BMC/BMD measures when comparing vitamin D supplementation in human milk
or formula fed infants with human milk alone.’> One study reported moderately significant (0.05 < P <
0.1) benefits for distal radius (but not tibia) measurements when comparing 1,400 IU vitamin D per
week to a placebo.*®

Figure KQ1-5 presents summary results for the ROB assessment for all 10 vitamin D
intervention studies that reported BMC and BMD outcomes. In all studies, there was a low ROB for
how the BMC and BMD outcomes were measured, but there was a high risk of bias or some concern
due to deviations from intended interventions. Risk of bias in this latter domain generally resulted from
low adherence to daily supplementation by participants or a lack of analysis conducted in the study to
account for the effect of adherence. For over half of these studies (60%), there was some concern with
the randomization process and the reporting of results — generally owing to no publicly available
protocols showing pre-specified analysis plans. Finally, due to missing outcome data, three studies had
some concern for bias, and three had high risk of bias. These ratings were likely a product of long
intervention and follow-up durations that increase the possibility for participant drop-out and loss to
follow-up.
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Table KQ1-5. Characteristics and key findings of vitamin D interventional studies with bone mineral density or bone mineral content outcomes

reported
Interve
GA or Health ntion
mean age Breast status; Vitamin D or  duratio Compari
Study Enrol (SD)/ Mal feedin nutritio BMD/BMC calcium n son
Author design; N Iment Location median e g Race or nal outcome intervention (month  group(s) Key
(year) enrolled years ; latitude [range] (%) status ethnicity status analyzed group(s) S) 2 findings®
Bagnoli Non- NR Siena, GA:~394 493 Any NR 100% Metacarpal VD: BF+400 3 BF only  SOS: ++
et al. randomize Italy; 43°  (~1.3-1.7) BF Healthy  SOS (m/sec); 1U/d supp [BF] (BFD vs.
(2013)°°  d Trial; weeks at (mixed ; NR Metacarpal [BFD]; BF; FF vs.
N=73 (at enrollmen feedin BTT (usec); Formula milk BF), 0 (BFD
3-month t; 3.0 2) used four with or vs. FF)
follow-up) (NR) metacarpal without 400 BTT: ++
months at measurements  [U/d supp [FF] (BFD vs.
follow-up BF; FF vs.
BF), 0 (BFD
vs. FF)
Chan et RCT; NR Salt Lake GA: NR NR  Any White: 100% BMC from VD + Ca: 12 BFonly BMC: 0
al. N=91 City, [38-41] BF 100% Healthy distal left Infant formula
(1982) ¥ United weeks (mixed ; NR radius with 400 IU/L
States; feedin (VD) +51
41° g) mg/dl (Ca);
VD: BF + 400
1U/d supp
Galloet RCT; 2007- Montréal ~34.3 57.6  Exclus White: 100% BMC of the VD3: 400 11 None BMC (at 12
al. N=132 2010 , Canada; (NR) days ive BF  84.1%; Healthy  whole body, 1U/d; 800 and 36
(2013)b N=87 in 46° ~36.7 Other: ; NR lumbar spine 1U/d; 1200 months of
38 follow-up (NR) 14.4% vertebrae 1-4,  1U/d; 1600 age): 0
Galloet  study months at (includes and whole 1u/d BMD (at 12
al. follow-up Black, femur; BMD and 36
(2016)c %7 study Hispanic, of lumbar months of
First spine age): 0
Nations, (BMC of
Asian, femur NR in
Hawaiian/Pa follow-up
cific study)
Islander, and
nonwhite

mixed race)
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Interve
GA or Health ntion
mean age Breast status; Vitamin D or  duratio Compari
Study Enrol (SD)/ Mal feedin nutritio BMD/BMC calcium n son
Author design; N Iment Location median e g Race or nal outcome intervention (month  group(s) Key
(year) enrolled years ; latitude [range] (%) status  ethnicity status analyzed group(s) S) a findings®
Greeret  RCT; 1979  Madison, GA:NR 444  Any White: 83%; 100% BMC of the VD2: BF + 6-124 BF + BMC (at 6
al. N=18 United [38-40] (rep BF Asian- Healthy  one-third distal 400 IU/d supp placebo months): 0
(1982) 7 States; weeks orted (mixed Indian: 3%; ;NR radius and ulna (VD2 supp
Non- 43° (reported  for feedin ~ Non-White: of the left hand VD (Non- vs. placebo),
randomize for RCT RCT ¢g) 13% randomized +or ++
d groups grou comparison (formula vs.
compariso only) ps group): Infant placebo
n group only formula with reported as
for BMC ) an average of “significant”
outcome; 427 TU/L ; P-value or
N=12 [range 382- 95% CINR)
480 TU/L] BMC (at 12
months):
formula >
placebo >
VD2 supp
(P-value or
95% CINR)
Hibbset  RCT; 2013- Clevelan ~12.0 553 Any Black or Preterm  Tibial SOS VD3:4001U/d 6 Placebo ~ SOS (at 12
al. N=300 2016  d, [IQR ~6- BF African infants [sustained] [diet- months)®:
(2018) 24 Charlesto  21] days (mixed American: (mean limited]  sustained >
n, and feedin 100 (~7.6%  GA=33 diet-limited
Bronx, 2) of all weeks); (P-value or
United parents Normal 95% CI NR)
States; reporting
41°, 33°, race in the
41° study were
Hispanic)
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Interve
GA or Health ntion
mean age Breast status; Vitamin D or  duratio Compari
Study Enrol (SD)/ Mal feedin nutritio BMD/BMC calcium n son
Author design; N Iment Location median e g Race or nal outcome intervention (month  group(s) Key
(year) enrolled years ; latitude [range] (%) status  ethnicity status analyzed group(s) S) a findings®
Holmlun RCT; 2010- Helsinki, GA:~404 504 Any NR 100% CALCBD VD3: 400 2.5 None CALCBD
d-Suilaet N=113 2011  Finland;  (~0.8-1.3) BF Healthy  (density and 1U/d; 1,200 area’: +
al. 60° weeks (mixed ; NR area; total and  IU/d; 1,600 (overall); ++
(2012) feedin trabecular 1u/d (1,600 IU/d
g) bone); vs. 400
CORTBD 10/d); 0
(density and (1,600 TU/d
area); Polar vs. 1,200
SSI; Site for 1U/d; 1,200
analyzed IU/d vs. 400
measurements 1U/d)
was at 65% of CALCBD
the length of density: 0
the left tibia CORTBD
area’: +
(overall); ++
(1,600 TU/d
vs. 400
1U/d; 1,600
1U/d vs.
1,200 TU/d);
0 (1,200
1U/d vs. 400
1U/d)
CORTBD
density': 0

Polar SSI': +
(overall); ++
(1,600 IU/d
vs. 400
1U/d; 1,600
1U/d vs.
1,200 1U/d);
0 (1,200
1U/d vs. 400
1U/d)
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Interve
GA or Health ntion
mean age Breast status; Vitamin D or  duratio Compari
Study Enrol (SD)/ Mal feedin nutritio BMD/BMC calcium n son
Author design; N Iment Location median e g Race or nal outcome intervention (month  group(s) Key
(year) enrolled years ; latitude [range] (%) status  ethnicity status analyzed group(s) s) 2 findings®
Nataraja  RCT; 2011- North 3.0[~1- 56.3  Any Presumed Preterm BMC; BMD; VD3: 400 3 None BMC: 0
n et al. N=96 2012  India; 14] days BF 100% Asian infants =~ Measurements 1U/d; 800 IU/d BMD: 0
(2014) ¥ ~29° (mixed Indian (mean were for whole
feedin GA=32. body
g) 5
weeks);
VD
deficien
cy at
birth
Raoetal. RCT; NR Kanpur, ~3.1 NR NR Presumed NR; BMC; BMD; VD + Ca: 3 None BMC: 0
(2016) 3¢ N=45 India; (~0.7-0.9) 100% Asian  100% Measurements 4000 IU/d BMD: 0
26° [2-5] Indian with were for total VD3 +50
years VD body less head mg/kg/d Ca
deficien
cy (<20 VD + Ca:
ng/mL) 30,000 IU/d
VD3 + 50
mg/kg/d Ca
Rosenda  RCT; 2013- Helsinki, GA:40.2 50.3 Any White: 100 100% BMC; BMD; VD3: 400 23.5 None BMC: 0
hl et al. N=987 2014  Finland;  (1.1) BF (Northern Healthy CSA; Polar 1U/d; 1200 BMD: 0
(2018) ® 60° weeks (mixed European) ; moment of 1U/d CSA: 0
feedin Normal inertia; All Polar
2) measurements moment: 0
were of the left
tibia at 20%
distal proximal
length
Trilok- RCT; 2007- New ~2.0[0-2] 46.7 NAat Presumed Low Bone structure  VD3: 1,400 6 Placebo Distal
Kumaret N=2,079 2010  Delhi, days at at follow- 100% Asian  birth and strength; 1U/week radius: +
al. (N=912 at India; enrollmen enrol up Indian weight ~ Measurements Tibia: 0
(2015) % 3-6 year 29° ;5.0 (1.0) lmen (1.8to  taken at distal
follow-up) years at t; <2.5kg) radius and
follow-up  47.9 at mid-shaft tibia
at enrollm
ent;
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Interve
GA or Health ntion
mean age Breast status; Vitamin D or  duratio Compari
Study Enrol (SD)/ Mal feedin nutritio BMD/BMC calcium n son
Author design; N Iment Location median e g Race or nal outcome intervention (month  group(s) Key
(year) enrolled years ; latitude [range] (%) status  ethnicity status analyzed group(s) s) 2 findings®
follo ~50%
w-up were
VD
deficien
t at
follow-
up

BF = breastfeeding; BMC = bone mineral content; BMD = bone mineral density; BTT = Bone Transmission Time; Ca = Calcium; CALCBD = calculated bone density; CI =
confidence interval; CORTBD = cortical bone density; CSA = cross-sectional area of the bone; GA = gestational age; IQR = interquartile range; IU/d = international units per day;
N = sample size; NA = not applicable; NR = not reported; RCT = randomized controlled trial; SD = standard deviation; SOS = Speed of Sound; SSI = stress and strain index; Supp
= supplement; VD = vitamin D; VD2 = vitamin D,; VD3 = vitamin D;

2 Comparison group: Non-vitamin D or non-calcium intervention group.

bResults compare higher VD dose groups to lower dose groups unless otherwise noted: ++ Significant beneficial effects of higher VD dose (P < 0.05); + Marginally significant
beneficial effects (0.05 < P < 0.1); 0 No effects; - Marginally significant detrimental effects (0.05 < P <0.1); -- Significant detrimental effects (P < 0.05).

¢Follow-up to the Gallo et al. (2013) study conducted 3 years after enrollment.

4 At age 6 months, infants randomized to the placebo group were also given 400 IU VD/d after which all randomized infants received supplementation until weaned from
breastfeeding or until age 12 months when the study ended.

¢ According to Hibbs et al. (2018) 2*, "No participants had a tibial speed of sound measurement more than 2 SDs below the mean, based on previously published norms, at 12
months" (p. 2092).

fResults from multivariate analysis of covariance with gender and quality of pQCT measurement as covariates.
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Figure KQ1-5. Summary ROB plot (panel a) and individual study ROB (panel b) for vitamin D
interventional studies reporting bone mineral density or bone mineral content outcomes
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KQI. Blood Pressure OQutcomes

In a follow-up study (n = 912; 47.9% male) of a large RCT (n =2,079; 46.7% male) conducted
in newborns (mean age = 2 days) in New Delhi, India (29° N), blood pressure outcomes were measured
when participants were age 3-6 years (mean [SD] = 5.0 [1.0] years).*® The characteristics of this follow-
up study are presented in Table KQ1-6. In the original study, newborn participants were assigned to
either 1,400 IU vitamin D per week or a placebo for a duration of six months. After 3 to 6 years of
follow-up, mean differences between the vitamin D and placebo arms for systolic (95% CI -0.63, 1.69; P
= 0.37) and diastolic (95% CI -0.96, 0.87; P = 0.92) blood pressure were not statistically significant.
Risk of bias for this study was assessed as “low” for the randomization and measurement of the outcome
domains. There was some risk of bias due to a high proportion of missing data, and there was some risk
of bias for selection of the reported result due to the lack of a pre-specified analysis plan. A lack of
adherence to intended interventions in more than 20% of participants with no report of analyses
addressing this issue led to high risk of bias in this final domain.
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Table KQ1-6. Characteristics and key findings of one interventional study reporting on blood pressure outcomes

Study Enroll Mean age Breastfee Health status;

Author design; N ment Location; (SD) Male ding Race or nutritional Study Study
(year) enrolled years latitude [range] (%) Status ethnicity status groups duration Key findings®
Trilok- RCT; 2007- New Delhi, ~2.0(0)[2] 46.7at NR;NA Presumed Low birth VD3: Intervention: 6  Systolic BP: 0
Kumaret N=2,079 2010 India; 29° days at enrollm  at follow-  100% Asian  weight (1.8to 1400 months; Diastolic BP: 0
al. (2015) (N=912 at enrollment; ent; up Indian <2.5kg) at IU/week  Follow-up: 3-6
a8 follow-up) 5.0 (1.0) 479 at enrollment; Placebo  years

[3-6] years  follow- ~50% were

at follow- up VD deficient

up at follow-up

BP = blood pressure; IU = international units; N = sample size; NA = not applicable; NR = not reported; RCT = randomized controlled trial; VD3 = vitamin D3

2Results compare vitamin D (VD) intervention group to placebo group: ++ Significant beneficial effects of VD (P < 0.05); + Marginally significant beneficial effects (0.05 < P <

0.1); 0 No effects; - Marginally significant detrimental effects (0.05 < P < 0.1); -- Significant detrimental effects (P < 0.05).
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KQI. UV Light Studies

In this section, we describe intervention studies reporting the effect of UV or sunlight on serum
25(0OH)D and clinical outcomes. Two RCTs were identified that reported on the effect of UV or sunlight
on motor development and serum 25(OH)D.>*>° In a nonrandomized trial conducted in Xi’an, China
(latitude, 35.4° N), 229 generally healthy neonates born from depressed mothers were divided into
groups receiving either 400 1U/d vitamin D3, 1,000 1U/d vitamin D3, 400 [U/d vitamin D3
supplementation plus sunlight exposure of various durations, or no intervention (control group). Infants
who received 400 IU/d vitamin D3 plus sunlight exposure achieved significantly higher scores in motor
development compared to other groups (P<0.05). Within the sunlight exposure group (7-14 hours per
week, <7 hours per week, and <2 hours per week), a dose-response relationship was evident, with
infants receiving the most amount of sunlight per week achieving the highest motor development scores
(P<0.05 for all comparisons). In a randomized trial conducted in Beijing, China (latitude, 39° N), 54
healthy infants were randomized to receive two hours of sunlight each day or the usual amount of
sunlight (control). After two months, mean serum 25(OH)D had increased significantly in infants in the
2-hour sunlight group, but did not significantly change in the control group (30 +/- 37.5 ng/mL vs. -7.5
+/- 20 ng/mL). Further, a dose-response relationship was evident, with infant serum 25(OH)D
concentration at two months correlating with UV exposure scores (=0.61, P<0.001).

Figure KQ1-6 shows the individual study ROB for the two trials in this section. Both studies
had high ROB due to deviations from intended intervention and some ROB in selection of the reported
results. One study also had high ROB due to a nonrandomized design and missing outcome data. Both
trials had low ROB in measurement of the outcome.

Figure KQ1-6. Individual study ROB for studies reporting the effect of UV or sunlight on serum
25(0OH)D or clinical outcomes of interest
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KQ2: What is the association between serum 25(0OH)D concentrations and health outcomes in
children aged 0 to 4 years?

A total of 18 observational studies examining the association between serum 25(OH)D
concentrations and health outcomes in children aged 0 to 4 years were included. Findings below are
organized by outcomes.

KQ2. Atopic Outcomes: Asthma, Wheezing, and Eczema

Table KQ2-1 shows the study characteristics and results of four observational studies reporting
the association between serum 25(OH)D and asthma, wheezing, and eczema outcomes included in our
review. The studies include three cohort studies and one case-cohort study, with the number of enrolled
participants ranging from 263 to 5,044 for each study. Two of the articles were conducted in neonates in
Australia, one in infants in Canada, and one in infants the United States. All studies either reported
background diets as any (mixed) breastfeeding, or breastfeeding status was not reported. Race or
ethnicity was not reported in two studies, one study enrolled primarily white participants,®® and the last
study enrolled primarily Hispanic and Black participants.®!

Table KQ2-2 shows the ROB assessment of cohort studies in this section. Overall, there was
concern for ROB due to absent or unclear demonstration that the outcome was not present at the start of
the study, poor adjustment of possible confounders, poor or unclear assessment of the outcome, and
significant loss to follow up of participants. Table KQ2-3 shows the ROB assessment of the one case-
cohort study reporting on asthma.®® There was concern for ROB due to selection of cases, as 100% of
cases were not included in the study. There was also concern for risk of bias since reporting lacked
description of how the outcome was assessed. Lastly, there was concern for ROB due to the analytic
methods.

Asthma

Table KQ2-1 shows two cohort studies that investigated the association between serum 25(OH)D
at baseline and asthma as an outcome. Neither study found a significant association.®’*? A third cohort
study reported significantly increasing odds of asthma at age 10 years for each additional follow-up visit
from age six months to 10 years where participants were vitamin D deficient (<50 nmol/L [<20 ng/mL])
(adjusted OR not reported; P<.05).9

Wheeze

Table KQ2-1 shows two cohort studies that investigated the association between serum 25(OH)D
and wheeze outcome. One study found no association between serum 25(OH)D and wheezing.%> The
other study reported significantly increasing odds of wheezing at age 10 years for every vitamin D
deficient (<50 nmol/L [<20 ng/mL]) follow-up visit when participants were six months to 10 years
(adjusted OR not reported; P<.01).9

Eczema

Table KQ2-1 shows one case-cohort study that found no association between serum 25(OH)D
and eczema outcome.®® The other study was a cohort study which reported significantly increasing odds
of eczema at age 10 years for each additional vitamin D deficient (<50 nmol/L [<20 ng/mL]) follow-up
visit between age six months and 10 years (adjusted OR not reported; P<.05).%
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Table KQ2-1. Characteristics and key findings of studies of observational studies reporting the association of serum 25(OH)D and asthma, wheezing,
and eczema outcomes

Health Mean
Study Mean status; follow-

Authors design; N Enrollment Location; age(SD) Male Breastfeeding Race or nutritional up Exposure or
(year) analyzed  years latitude [range] (%)  status ethnicity status (SD) comparisons Key findings *
Anderson et Cohort; 2008-2012  Canada; 2.54 51.1 AnyBF NR 100% 2.3 Serum 25(OH)D  Asthma: 0 °
al. (2015) N= 5044 44° (1.5) [0- Healthy; (1.2) at baseline
62 5] NR years Wheeze: 0 ©
Hollams et al.  Cohort; 1996-1998  Western Neonates NR Any BF NR Generally 10 Number of Asthma: ++9
(2017) N=1263 Australia; healthy; years deficient
63 NR NR [25(0OH)D <50 Medicated

nmol/L] follow asthma 0 9

ups by 10 years

of age Wheeze: ++ ¢

Eczema: ++ ¢
Molloy et al.  Case- NR Southeast Neonates 52 Any BF 72% White,  Generally 6 Serum 25(OH)D  Eczema: 0 ©
(2017) cohort; Australia; - 28% Non- healthy; months  levels at 6
60 N=1074 30° White NA (12 months of age
months  (nmol/L): <50 vs.
ofage) >=50

Navas- Cohort; 2005-2008  New 1.8(0.7) 46.6 NR 72.1% NR 5.9 Serum 25(0OH)D  Asthma: 0 f
Nazarioetal. N=601 Haven, CT; Hispanic, (1.0) levels at baseline
(2011) 41.3° 21.2% years of
61 Black, 6.7% age

White
BF = breastfeeding; N = sample size; NA = not applicable; NR = not reported; SD = standard deviation

2 Key findings: ++ Significant difference indicating benefit of higher serum 25(OH)D levels (p < 0.05); + Marginally significant difference indicating benefit (0.05 <p <0.1); 0 No
significant difference; - Marginally significant difference indicating detriment (0.05 < p < 0.1); -- Significant difference indicating detriment (p < 0.05).

® Adjusted for child sex, neighborhood income, smoker in household, maternal ethnicity, child in licensed daycare, child’s age in months, z-BMI, birth weight, hours of outdoor
free play, breastfeeding duration and family history of asthma.

¢ Adjusted for child sex, family income, smoker in household, maternal ethnicity, child in licensed daycare, age in months, z-BMI, birth weight, hours of outdoor free play,
breastfeeding duration and family history of asthma (both mother and father).

4 Adjusted for sex, month of birth, cesarian birth, birth weight, breast-feeding for less than 3 months, antenatal and/or childhood smoke exposure, childcare attendance, and living
with older children by age 5 years.

¢ Adjusted for family history of allergy, ethnicity, number of siblings, domestic pets, and formula feeding at 6 months.

f Unadjusted.
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Table KQ2-2. Risk of bias assessment results for cohort studies reporting the association between serum 25(OH)D and asthma, wheezing, and
eczema outcomes”

Demonstratio Was
n that follow-up
Selection of outcome of long
the non- Ascertainment interest was Comparability of enough for Adequacy of
Author Outcome exposed of 25(OH)D not present at  cohorts on the basis of Assessment of outcomes follow up of
(year) assessed  cohort concentrations start of study  the design or analysis outcome to occur? cohorts
Anderso  Asthma a) Drawn from  b) Method used b) Present at c) Both a) and b) ® c) Self-report only with  a) Yes c) Lost to follow
netal the same was HPLC, RIA  start or no reference to original up rate = 20%
(2015) ©2 community as  kits, LC-MS/MS  unknown health records or no and no description
the exposed OR documented source of those lost
cohort EIA/Chemilumin
escence
Anderso  Wheeze a) Drawn from  b) Method used b) Present at c) Both a) and b) ® c) Self-report only with  a) Yes ¢) Lost to follow
n et al. the same was HPLC, RIA  start or no reference to original up rate = 20%
(2015) © community as  kits, LC-MS/MS  unknown health records or no and no description
the exposed OR documented source of those lost
cohort EIA/Chemilumin
escence
Hollams  Asthma a) Drawn from  b) Method used b) Present at a) Study controls for at c) Self-report only with  a) Yes c) Lost to follow
et al. the same was HPLC, RIA  start or least 4/6 of the important  no reference to original up rate = 20%
(2017) 3 community as  kits, LC-MS/MS  unknown factors or gives health records or no and no description
the exposed OR justification for non- documented source of those lost
cohort EIA/Chemilumin inclusion
escence
Hollams  Medicate a) Drawn from b) Method used b) Not present  a) Study controls for at c) Self-report only with  a) Yes ¢) Lost to follow
etal. d asthma  the same was HPLC, RIA  at start least 4/6 of the important  no reference to original up rate = 20%
(2017) 3 community as  kits, LC-MS/MS factors or gives health records or no and no description
the exposed OR justification for non- documented source of those lost
cohort EIA/Chemilumin inclusion
escence
Hollams  Wheeze a) Drawn from b) Method used b) Present at a) Study controls for at c) Self-report only with  a) Yes ¢) Lost to follow
et al. the same was HPLC, RIA  start or least 4/6 of the important  no reference to original up rate = 20%
(2017) &3 community as  kits, LC-MS/MS  unknown factors or gives health records or no and no description
the exposed OR justification for non- documented source of those lost
cohort EIA/Chemilumin inclusion
escence
Hollams  Eczema a) Drawn from  b) Method used b) Present at a) Study controls for at ¢) Self-report only with  a) Yes ¢) Lost to follow
etal. the same was HPLC, RIA  start or least 4/6 of the important  no reference to original up rate = 20%
(2017) %3 community as  kits, LC-MS/MS  unknown factors or gives
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Demonstratio Was
n that follow-up
Selection of outcome of long
the non- Ascertainment interest was Comparability of enough for Adequacy of
Author Outcome exposed of 25(OH)D not present at  cohorts on the basis of Assessment of outcomes follow up of
(year) assessed  cohort concentrations start of study  the design or analysis outcome to occur? cohorts
the exposed OR justification for non- health records or no and no description
cohort EIA/Chemilumin inclusion documented source of those lost
escence
Navas- Asthma a) Drawn from b) Method used b) Not present  d) Neither a) nor b) * e) Both a) and b) a) Yes a) Complete
Nazario the same was HPLC, RIA  at start follow up - all
et al. community as  kits, LC-MS/MS subjects were
(2011) the exposed OR accounted for
o1 cohort EIA/Chemilumin
escence

EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; RIA = Radioimmunoassay

2 Assessed with The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in meta-analyses.

® Study controls for 3+ important factors AND any of the other factors, gives justification for non-inclusion.

53



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al.

Supplement

Table KQ2-3. Risk of bias assessment results for a case-cohort study reporting the association between serum 25(OH)D and asthma, wheezing, and

c€cz€ma outcomesa’b

Demonstr
ation that Compara Was
outcome bility of follow-up
Ascertain  of interest cohorts on long
Study Follow-up ment of was not the basis enough Adequacy
design; in the Selection 25(OH)D  present at  of the Assessme  for of follow
Author outcome original Selection of concentra  start of design or  nt of outcomes  up of Adjusted
(year) assessed cohort of cases controls tions study analysis outcome to occur?  cohorts Weighting variance
Molloy Case- b) Subjects b) Not all a) Drawn b) Method a) Not c)Botha) d)No a) Yes b) c) b)
et al. cohort; lost to cases from randomly  used was presentat  and b) description Controls Analysis Analysis
(2017) % Eczema followup  the cohort  or matched HPLC, start lost to used does not
unlikely to  were with cases  RIA Kkits, follow up  calibration include
introduce selected or  AND LC- unlikely to  or adjusted
bias no drawn MS/MS introduce estimation  variance,
description  from the OR bias to adjust or no
same EIA/Chem sampling statement
cohort as iluminesce weights
cases nce

EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; RIA = Radioimmunoassay

2 Assessed with an adapted version of The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
® No nested case-control studies included were included in this section.
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KQ?2. Infectious Disease Outcomes

Table KQ2-4 shows study characteristics and results of four observational studies from three
publications reporting the association between serum 25(OH)D and infectious disease outcomes. Two
studies were conducted in Bangladesh, one in Western Australia, and one in Tanzania. All four were
cohort studies that compared rates of infectious disease outcomes by serum 25(OH)D sufficiency status
or quartile.®**® One paper reported results stratified by weight status (normal vs. underweight), and these
are presented on separate rows in Table KQ2-4.%* Sample sizes of the included studies ranged from 263
to 948. In all studies, participants were 24 months or younger at enrollment. Follow-up duration was
precisely reported in two publications®-** while the other reported age of last follow-up.®’

Reported outcomes included upper respiratory tract infection (URTI), acute lower respiratory
tract infection (ALRI), respiratory tract infection, malaria infection, and oral candidiasis. Most reported
associations between serum 25(OH)D and infectious disease outcomes were not statistically significant.
Mixed results with significant associations were found for three of eight total infectious disease
outcomes as follows. One study found that serum 25(OH)D concentrations <10 ng/mL were associated
with an increased incidence of oral candidiasis in HIV-exposed infants (adjusted IRR = 1.47; 95% CI
1.00, 2.15; P=0.046).5° However, the same study reported that serum 25(OH)D concentrations
>30ng/mL were significantly associated with an increased incidence of clinical (adjusted IRR = 1.34;
95% CI 1.06, 1.70; P=0.02) and confirmed (adjusted IRR = 1.71; 95% CI 1.15, 2.54; P<0.01) malaria
diagnoses. Another study reported lower risk of URTI in underweight children who were vitamin D-
deficient (adjusted IRR = 0.73; 95% CI 0.61, 0.89; P<0.001) or vitamin D-insufficient (adjusted IRR =
0.80; 95% CI 0.68, 0.94; P<0.05) at baseline compared to those who were vitamin D-sufficient.*%

Table KQ2-5 shows the ROB assessment of cohort studies reporting infectious disease
outcomes. In one study, there was ROB due to lack of reporting that the outcome was not present at the
start of the study, possible insufficient adjustment for potentially relevant confounders, and a significant
number of participants lost to follow-up.®® There was concern for ROB in a second study due to unclear
adequacy of follow-up of participants.®®
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Table KQ2-4. Characteristics and results of observational studies reporting the association between vitamin D intake and infectious disease outcomes

Study
design; Breas Race
N Enroll tfeedi or Health status Mean
Author analyz ment Location; Age Male ng ethnici "; nutritional follow-up
(year) ed years latitude range” (%) status  ty status " (SD) Exposure Key findings "
Ahmed Cohort; 2010- Dhaka, 6-24 51.3 NR 100%  NR; NR 0.38 years Serum 25(OH)D levels URTI: 0 (deficiency and
et al. N=446 2012 Banglades months Asian (NR) at 6-24 months at birth,  insufficiency vs. sufficiency
(2016) ¢ h; 23.8° Indian 6 months, and years 1, (ref.))}
2, 3, and 4: sufficiency,
insufficiency, and ALRI: 0 (deficiency and
deficiency | insufficiency vs. sufficiency
(ref))
Ahmed Cohort; 2010- Dhaka, 6-24 50.2 NR 100%  NR; 100% 0.37 years Serum 25(OH)D levels URTI: -- (deficiency and
et al. N=466 2012 Banglades months Asian  underweight  (NR) at birth, 6 months, and insufficiency vs. sufficiency
(2016) ¢ h; 23.8° Indian  (weight-for- years 1, 2, 3, and 4: (ref.)) !
age z-score < sufficiency,
-2.00 SD) insufficiency, and ALRI: 0 (deficiency and
deficiency ' insufficiency vs. sufficiency
(ref.))}
Hollams  Cohort; 1996-  Western, Neonate NR Any NR Generally Proceeding  Serum 25(OH)D levels Respiratory tract infection: 0
et al. N=263 1998 Australia; s BF healthy; NR 6orl12 at birth, 6 months, and (sufficiency vs insufficiency vs
(2017) &3 NR months years 1,2, 3, and 4: deficiency at all follow ups)
after sufficiency,
exposure insufficiency, and
assessment  deficiency
Sudfeld  Cohort; NR Tanzania;  5-7 535 Any 100%  Generally 20.9 Serum 25(OH)D levels ~ ALRI: 0 (serum 25(OH)D
et al. N=948 ~-6° weeks BF Tanzan healthy; low  months ® at 5-7 weeks of age quartiles vs. second highest
ian status : ng/mL): <10, 10-19.9,  quartile (ref.)) &
(2015) i VD (IQR (ng/mL): <10, 10-19.9 ile (ref.))
(HIV- (mean serum  17.0-23.9)  20-29.9 (ref.), >=30
exposed, 25(OH)D Malaria infection: -- (highest
uninfect 18.1 ng/mL quartile vs second highest
ed and SD 9.2 quartile of serum 25(OH)D
cohort) ng/mL) (ref))) &

Oral candidiasis: ++ (lowest
quartile of serum 25(OH)D vs.
second highest quartile (ref.)) &
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ALRI = acute lower respiratory tract infection; BF = breast-feeding; HIV = human immunodeficiency virus; IQR = interquartile range; n = sample size; NR = not reported; ref. =
reference group; SD = standard deviation; URTI = upper respiratory tract infection; VD = vitamin D

2 Median age at follow up.

® Key findings: ++ Significant difference indicating benefit of higher serum 25(OH)D levels (p < 0.05); + Marginally significant difference indicating benefit (0.05 < p < 0.1); 0 No
significant difference; - Marginally significant difference indicating detriment (0.05 < p < 0.1); -- Significant difference indicating detriment (p < 0.05).

¢ Adjusted for baseline maternal factors, including age, education, marital status, number of prior pregnancies, household assets, food expenditure per person, underweight, anemia,
CD4 T-cell count, and use of antiretrovirals during pregnancy, and baseline child factors, including sex, exclusive breastfeeding, stunting, wasting, low birth weight, anemia,
season of 25(OH)D measurement, and randomized treatment regimen.

h At baseline or first exposure assessment; no studies reported the mean or median age.

! Defined as <50 nmol/L, >=50 and <75 nmol/l, >=75 nmol/l, respectively.

i Adjusted for serum retinol, serum zinc, maternal education, household wealth index, and season of vitamin D measurement.

X Unadjusted.
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Table KQ2-5. Risk of bias assessment results for cohort studies reporting the association between vitamin D intake and infectious disease outcomes®

Was
Demonstration follow-up
that outcome of  Comparability of long
Selection of the  Ascertainment interest was not  cohorts on the basis enough for Adequacy of
Outcome(s) non-exposed of 25(OH)D present at start  of the design or Assessment of outcomes follow up of
Author (year) assessed cohort concentrations of study analysis outcome to occur? cohorts
Ahmed et al. URTI; ALRI  a) Drawn from b) Method used a) Not presentat  c) Both a) and b) a) Independent a) Yes (for  a) Complete
(2016) ¢ the same was HPLC, RIA  start blind assessment  both URTI  follow up - all
community as the  kits, LC-MS/MS and ALRI  subjects were
exposed cohort OR outcomes)  accounted for
EIA/Chemilumin
escence
Hollams et al. ~ Respiratory a) Drawn from b) Method used b) Present at start  a) Study controls for ¢) Self-report a) Yes c) Lost to follow
(2017) 3 tract infection  the same was HPLC, RIA  or unknown at least 4/6 of the only with no up rate > 20%
community as the  kits, LC-MS/MS important factors or reference to and no
exposed cohort OR gives justification for  original health description of
EIA/Chemilumin non-inclusion records or no those lost
escence documented
source
Sudfeld et al. ALRI; malaria  a) Drawn from b) Method used a) Not presentat  c) Both a) and b) a) Independent a) Yes d) No statement
(2015) infection; oral  the same was HPLC, RIA  start blind assessment

candidiasis

community as the
exposed cohort

kits, LC-MS/MS
OR
EIA/Chemilumin
escence

ALRI = acute lower respiratory tract infection; EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass
spectrometry; RIA = Radioimmunoassay; URTI = upper respiratory tract infection

2 Assessed with The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in meta-analyses.

b Study controls for 3+ important factors AND any of the other factors, gives justification for non-inclusion.
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KQ2. Autoimmune Disease Outcomes

Table KQ2-6 shows study characteristics and results of seven observational studies from six
articles reporting the association between serum vitamin D and autoimmune disease outcomes. Reported
outcomes included type 1 diabetes, islet autoimmunity (a precursor to type 1 diabetes), and juvenile
idiopathic arthritis (JIA). Four references reported on nested case-control studies,**% one reported a
case-cohort study design,®” and two reported case-cohort studies.”®’! Sample sizes in the included
studies ranged from 128 to 8,676, and the mean age of participants at baseline or first measure of serum
vitamin D was under 12 months for all studies. Follow-up duration was precisely reported in two
studies,®®? and the other studies either did not report duration or reported only the age or year of last
follow-up.67-6%71

Four articles reported no association between serum vitamin D level (including serum
25(OH)Dz, 25(0OH)D3, or serum 25(OH)D) and either type 1 diabetes or islet autoimmunity outcomes,**"
68,70 and a fifth article reported no association between 25(OH)D levels and odds of JIA.”! One nested
case-control study of 8,676 children at increased genetic risk of type 1 diabetes found that higher serum
25(OH)D, as measured in infancy and in early childhood, was associated with lower odds of islet
autoimmunity (adjusted OR = 0.93 per 5 nmol/L difference; 95% CI 0.89, 0.97).%°

Table KQ2-7 shows the ROB assessment of case-cohort and nested case-control studies
reporting autoimmune disease outcomes. At least one study had ROB due to each of the following
reasons: unknown follow-up of the original cohort, incomplete or poor description of case selection,
non-random or unmatched selection of controls, non-optimal adjustment of possible confounders, poor
description of how outcomes were assessed, incomplete or poor description of subject follow-up rate, or
inappropriate or poorly described analytic methods.
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Table KQ2-6. Characteristics and results of observational studies reporting the association between vitamin D intake and autoimmune disease

outcomes

Study Mean

design; Locatio age Breas Race

N Enroll n (SD) Mal tfeedi or Mean
Author enrolle ment [latitud [range] e ng ethnici Health status "; follow-up
(year) d years e] h (%)  status ty nutritional status " (SD) Exposure Key findings "
Cadario etal. Nested Since Italy Neonat 48 NR NR Generally healthy; Cases: 7.0 Serum 25(OH)D  Type 1 diabetics vs.
(2015) case- 1990 es NR (0.25); at birth nondiabetics: 0 ©
66 control; Controls

N=303 7.2 (0.49)
Jacobsen et Case- 1981-  Denmar Neonat 51.2 NR Mother Generally healthy; Until end Serum Type 1 diabetics vs.
al. 2016 cohort; 2002 k; ~56° es s NR of 2012; 25(OH)D, nondiabetics: 0 (for all
67 N= >90% Cases: 25(0OH)D,, and  three exposures) &

3778 Danish 10.2; 25(OH)D; at

Controls: birth
10.5"

Jacobsen et Nested 1981-  Denmar Neonat 52.3 NR Mother Generally healthy; Until May ~ Serum Type 1 diabetics vs.
al. 2016 case- 2002 k; ~56° es s NR 2012 25(0OH)D, nondiabetics: 0 (for all
67 control; >95% 25(0OH)D,, and  three exposures) ™

N=105 Danish 25(OH)D; at

4 birth
Makinen et Nested 1994-  Tamper 3 (0) 51 NR NR Generally healthy, Cases: 2.53  Serum 25(OH)D  Type 1 diabetics vs.
al. (2016) case- 2004 e, months 100% with HLA- y of age; in infancy nondiabetics: 0 !
68 control; Finland; conferred Controls:

N= 252 61° susceptibility to 2.92y of

T1D; NR age*

Norris etal.  Nested 2004-  USA 95% 55.6 NR NR Generally healthy, NR Serum 25(OH)D  Islet autoimmunity vs. non-
(2018) case- 2010 and age 3- 100% with high-risk in first year of cases: ++ (for first year of
69 control; Europe 12 HLA haplotype or life and in life exposure) ¢

N= months first-degree relative childhood

8676 at first with T1D; NR Islet autoimmunity vs. non-

sample cases: ++ (for childhood
exposure) ©
Simpson et Case- 1993-  Denver, NR 50 NR 76% Generally healthy, Cases: 3.5  Serum 25(OH)D  Islet autoimmunity vs. non-
al. (2011) cohort; 2006 USA; [0.1- Non- 100% with high-risk  (2.6) y; at 9 months of cases: 0 f (for both
(study 1c) N=128 39.7° 0.75] Hispan allele in HLA Controls age; VD exposures)
7 years ic region or first- 7.3 (4.0)y insufficiency at
white degree relative with 9 months of age

TID; NR
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Thorsen et Case- 1983-  Denmar Neonat 40.2 NR 89.3%  Generally healthy; Median Serum 25(OH)D  Oligoarticular JIA groups
al. (2017) cohort; 2012 k es ethnic  NR age 5-8.5 at birth vs. controls: 0
n N= 600 Dane years

Polyarticular JIA groups
vs. controls: 0

HLA = human leukocyte antigen; JIA = juvenile idiopathic arthritis; NR = not reported; ref. = reference group; T1D = type 1 diabetes; VD = vitamin D; y = years

? Median age at follow up.

b Results: ++ Significant difference indicating benefit of higher serum 25(OH)D levels (p < 0.05); + Marginally significant difference indicating benefit (0.05 <p < 0.1); 0 No
significant difference; - Marginally significant difference indicating detriment (0.05 < p < 0.1); -- Significant difference indicating detriment (p < 0.05).

¢ Multiple serum 25(OH)D measures were collected in each subject.

4 Controls matched for clinical center, sex, and family history of type 1 diabetes; adjusted for HLA-DR3/4 status and the first two PCs indicating ancestry, age, and season of
sample collection at the first visit.

¢ Adjusted for HLA-DR3/4 status and the first two PCs indicating ancestry.

f Adjusted for family history of T1D and HLA-DR3/4, DQB1*0302 genotype.

¢ Adjusted for maternal and paternal type 1 diabetes status.

h At baseline or first exposure assessment.

J Controls matched for date of birth; adjusted for 25(OH)D, gender, ethnicity, weight (categorical), gestational age (categorical), and mother’s age (categorical).

k Controls matched for date of birth and ethnic group.

! Controls matched for age, sex, study site, and HLA-conferred; adjusted for sample month, sample year, age of child at sample draw, and sex.

™ Controls matched for season of birth; adjusted for HLA genotype.

" Median age at last follow-up.

° Controls matched for birth date and ethnicity, model unadjusted.
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Table KQ2-7. Risk of bias assessment results for case-cohort and nested case-control studies reporting the association between serum 25(OH)D and

autoimmune disease outcomes?

Demonstr Was C-C:
ation that follow- Weighting;
outcome up long NCC:
Ascertain  of interest Comparabilit enough Adequac Accounts
Study Follow-up ment of was not y of cohorts for y of for unequal
design; in the Selection  25(OH)D  present at  on the basis of Assessme  outcome follow probability
Author outcome  original Selection of concentra  start of the design or  nt of s to up of sampling Adjusted
(year) assessed  cohort of cases controls tions study analysis outcome occur? cohorts methods variance
Cadario NCC; d) No a) All a) Drawn b) Method a) Not a) Study e)Botha) a)Yes d) No b) b)
et al. Type 1 statement  cases randomly  used was presentat  controls forat  and b) statement Conditional ~ Analysis
(2015) % diabetes fromthe  or matched HPLC, start least 4/6 of the logistic does not
cohort with cases  RIA Kkits, important regression include
were AND LC- factors, OR the analysis with  adjusted
selected  drawn MS/MS authors matching variance,
from the OR described the variables or  or no
same EIA/Chem variable stratification  statement
cohort as iluminesce selection
cases nce process or
gives
justification
for non-
inclusion
Jacobsen C-C; b) Subjects b) Notall a) Drawn b) Method a) Not c)Botha)and e¢)Botha) a)Yes a) b) Analysis a)
et al. Type 1 lost to cases randomly  used was presentat  b) and b) Complete involves Analysis
(2016) —  diabetes  followup  fromthe  or matched HPLC, start follow up  weighted includes
Study 1 unlikely to  cohort with cases  RIA Kkits, - all likelihood robust
67 introduce were AND LC- controls approach estimation
bias selected drawn MS/MS were of the
or no from the OR accounte variance
descriptio  same EIA/Chem d for
n cohort as iluminesce
cases nce
Jacobsen NCC; b) Subjects b) Notall a) Drawn b) Method a) Not c)Botha)and e¢)Botha) a)Yes a) b) b)
et al. Type 1 lost to cases randomly  used was presentat  b) and b) Complete Conditional  Analysis
(2016) —  diabetes  followup  fromthe  or matched HPLC, start follow up  logistic does not
Study 2 unlikely to  cohort with cases  RIA Kkits, - all regression include
67 introduce  were AND LC- controls  analysis with  adjusted
bias selected drawn MS/MS were matching variance,
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Demonstr Was C-C:
ation that follow- Weighting;
outcome up long NCC:
Ascertain  of interest Comparabilit enough Adequac Accounts
Study Follow-up ment of was not y of cohorts for y of for unequal
design; in the Selection  25(OH)D  present at  on the basis of Assessme  outcome follow probability
Author outcome  original Selection of concentra  start of the design or  nt of s to up of sampling Adjusted
(year) assessed  cohort of cases controls tions study analysis outcome occur? cohorts methods variance
or no from the OR accounte  variables or or no
descriptio  same EIA/Chem d for stratification  statement
n cohort as iluminesce
cases nce
Makinen NCC; c)Lostto  b)Notall a)Drawn b) Method a) Not a) Study a) a) Yes b) b) b)
et al. Type 1 follow up  cases randomly  used was presentat  controls forat  Independe Controls  Conditional ~ Analysis
(2016) %8 diabetes  rate >20% fromthe  or matched HPLC, start least 4/6 of the  nt blind lost to logistic does not
and no cohort with cases  RIA Kkits, important assessment follow up regression include
description  were AND LC- factors or (e.g., by unlikely  analysis with  adjusted
of those selected drawn MS/MS gives physician/ to matching variance,
lost or no from the OR justification nurse or introduce variablesor  or no
descriptio  same EIA/Chem for non- from bias stratification  statement
n cohort as iluminesce inclusion health
cases nce records)
Norriset  NCC; d) No a) All a) Drawn d)Botha) a)Not c¢)Botha)and a) a) Yes b) b) b)
al. Islet statement  cases randomly  and b) presentat  b) Independe Controls  Conditional ~ Analysis
(2018) % autoimm fromthe  or matched start nt blind lost to logistic does not
unity cohort with cases assessment follow up regression include
were AND (e.g., by unlikely analysis with  adjusted
selected  drawn physician/ to matching variance,
from the nurse or introduce  variables or or no
same from bias stratification  statement
cohort as health
cases records)
Simpson C-C;Islet c¢)Lostto  b)Notall b)Neither b)Method a)Not c)Botha)and a) a) Yes d) No b) Analysis b)
et al. autoimm  followup  cases drawn used was presentat  b) Independe statement  involves Analysis
(2011)—  unity rate >20% fromthe randomly  HPLC, start nt blind weighted does not
Study lc and no cohort nor RIA Kkits, assessment likelihood include
7 description  were matched LC- (e.g., by approach adjusted
of those selected OR drawn  MS/MS physician/ variance,
lost or no from a OR nurse or or no
different EIA/Chem from statement
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Demonstr Was C-C:
ation that follow- Weighting;
outcome up long NCC:
Ascertain  of interest Comparabilit enough Adequac Accounts
Study Follow-up ment of was not y of cohorts for y of for unequal
design; in the Selection  25(OH)D  present at  on the basis of Assessme  outcome follow probability
Author outcome  original Selection of concentra  start of the design or  nt of s to up of sampling Adjusted
(year) assessed  cohort of cases controls tions study analysis outcome occur? cohorts methods variance
descriptio  source iluminesce health
n than cases  nce records)
Thorsen  NCC; b) Subjects b) Notall a) Drawn b) Method a) Not c)Botha)and e¢)Botha) a)Yes a) b) a)
et al. Juvenile  lostto cases randomly  used was presentat  b) and b) Complete Conditional  Analysis
(2017)—  idiopathi  followup  fromthe  or matched HPLC, start follow up  logistic uses
Birth c arthritis  unlikely to  cohort with cases  RIA Kkits, - all regression adjusted
cohort 7! introduce were AND LC- controls analysis with  variance
bias selected  drawn MS/MS were matching
or no from the OR accounte  variables or
descriptio  same EIA/Chem d for stratification
n cohort as iluminesce
cases nce

C-C = case-cohort; EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; NCC = nested case-
control; RIA = Radioimmunoassay

2 Assessed with an adapted version of The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
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KQ?2. Growth and Neurological Development Outcomes

Six observational studies included in this systematic review assessed the association between
serum 25(OH)D concentrations in infancy and outcomes related to growth or neurological development
outcomes (Table KQ2-8). These studies ranged in size from 134 to 1,550 participants, and study
latitudes ranged from 7° S to 65° N. Four cohort studies assessed weight, length/height, or body mass
index (BMI) outcomes after six months,’*”® 18 months,% or 19 years.”* Two of these studies also
assessed neurological development determined with the Ages and Stages Questionnaire-37? or Borge
Priens 1Q scores.” One nested case-control study assessed changes in 25(OH)D and BMI over three
years for children diagnosed with type 1 diabetes and healthy controls®® while another compared
25(OH)D in children with or without intellectual disabilities at about age three.”

All six studies reported no significant linear associations between 25(OH)D levels and growth
and development outcomes; however, some subgroup and categorical analyses provided support for
possible associations. One study found an inverse relationship between 25(OH)D at infancy and BMI at
age 3, but this study did not report if these findings were statistically significant.®® Another study®
reported significant benefits in weight-for-length Z-scores at 20 months if 25(OH)D levels at age 5-7
weeks were between 20-29.9 ng/mL compared to less than 10 ng/mL. For all other group comparisons,
no significant associations were found.

Two studies reporting on neurological development outcomes found no linear association with
25(OH)D levels from infancy.”>’* After dividing neonatal 25(OH)D into quintiles, one of these studies’
found infants with 25(OH)D levels in quintiles three (21.8-30.3 nmol/L) and four (30.3—43.9 nmol/L)
had significantly higher 1Q scores around age 19 than infants in quintile one (0-13.3 nmol/L). In another
study that analyzed 25(OH)Ds deciles, models predicted the lowest relative risk for intellectual disability
by age three years was at the 72" percentile (48.1 nmol/L).”

Among the included cohort studies, the potential for ROB was generally assessed as low (Table
KQ2-9). Two studies showed potential for bias due to a loss to follow-up rate greater than 20% for
certain outcomes with no description of those lost.”>”* One study used an uncommon method to assess
25(OH)D.” Another cohort study included underweight infants in the study population but also
measured underweight as an outcome.® In this study, unclear follow-up rates were another source of
potential bias. One nested case-control was assessed as having high possibility for ROB in three
domains due to unclear reporting (Table KQ2-10).% Regarding selection, it was not clear if 100% of
cases from the original cohort were included in the study. While some description of analysis methods
was provided, details for how BMI was assessed and analyzed were not clearly presented. Neither
nested case-control study mentioned the use of adjusted or robust estimation of the variance which is
recommended for studies of this design.
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Table KQ2-8. Characteristics and key findings of observational studies reporting the association between serum 25(OH)D and growth or neurological

development outcomes

Mean age
Study (SD)
design; Enroll [range]® Breastfe Health status; Growth Mean age
Author country ment N analyzed at eding Race or nutritional outcome (SD) [range]
(year) (latitude) years (male %) baseline status ethnicity status analyzed at follow-up  Exposure Key findings®
Chowdh  Cobhort; 2010- 960 (51) ~16.2 Any BF  Presumed 34.5% with Neurodevel NR (NR)[12- Serum ASQ-3:0
ury etal. Delhi, India 2012 N=401 with (7.0-7.1) (mixed 100% vitamin D opment 36] months 25(0OH)D HAZ: 0
017) ™ (29°) neurological [6-30] feeding) As1f1n deficiency (ASQ-3 status at 6-30 WHZ: 0
measures months Indian sco.re); months: :
) weight; deficient (<25 WAZ: 0
N=919 with length nmol/L), non-
growth deficient (>25
measures nmol/L)
Makinen Nested case 1994- 252 (50.8) 3(0) NR Presumed 100% with BMI Median Changes in ABMI: Inverse
et al. control; 2004 Cases: months 100% HLA-conferred [IQR]: 25(OH)D from association (P-
(2016) ®®  Oulu, N=126 (50.8) Finnish susceptibility to Cases: 3.24 baseline to value NR)®
Tampere, T1D, and cases [1.55-5.74] follow-up
and Turku, Controls: were those who cars
Finland N=126 (50.8) developed T1D; Y
(60-65°) NR Controls:
2.53 [1.10-
5.20] years
Pludows  Cohort; NR 134 (51.5)at 183 (7) Any BF Presumed 100% Healthy;  Body 365 (7) [NR]  Changes in ABody weight:
ki et al. Bialystok, enrollment; days (mixed 100% weight; days 25(OH)D from 0 (No
(2011) *  Rzeszow, 98 (NR) at feeding)  Polish body length age 6 months correlation)
Warsaw, last follow-up to 12 months ABody length:
and Kielce, 0 (No
Poland (49- correlation)
54.5°)
Specht et  Cohort; 1988- 818 (95.8) 0(0)[0-7] NR 100% Generally BMI; 19.4 (NR) 25(0OH)D from BMI: 0
al. Denmark 1998 days Danish healthy; NR neurologica [17.7-27.8] neonatal DBS 1Q%: 0
(2020) ™ (56°) 1 years as quintiles (overall), ++
developme (nmol/L): 0- (Q3 vs. él;
score) 13.3-21.8 (all other
(Q2),21.8- quintile
30.3(Q3), comparisons)
30.3-43.9
(Q4), and
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Mean age
Study (SD)
design; Enroll [range]® Breastfe Health status; Growth Mean age
Author country ment N analyzed at eding Race or nutritional outcome (SD) [range]
(year) (latitude) years (male %) baseline status ethnicity status analyzed at follow-up  Exposure Key findings®
43.9-104.7
(Q5)
Sudfeld  Cohort; Dar 2004- 948 (53.5)in  [5-7] Any BF 100% Generally Height; Median Serum LAZ: 0
et al. es Salaam, 2007 the HIV- weeks (mixed Tanzanian  healthy; Low weight [IQR]: 20.9 25(OH)D WLZ: 0 (ref.
(2015) % Tanzania (- exposed, feeding) VD status, [17.0-23.9] levels (ng/mL) ¢ 10.199
7°) uninfected mean (SD) months at 5-7 weeks: ng/mL; ref. vs.
cohort 25(OH)D at <10,10-19.9, <3 ng/mL),
baseline = 18.1 20-29.9 (ref)), . (ref. vs.
(92) ng/mL and > 30 <10 ng/mLe)
WAZ: 0
Wuetal. Nested 2008- 1,550 (77.4)  3.3(1.6- Any BF 100% Cases were ID (based 3 (NR) [NR]  25(OH)D; ID: ++
(2018) > case- 2010 Cases: 1.8) [1-7]  (mixed Chinese diagnosed with  on IQY) years from neonatal
cor.llt.rol; N=310 (77.4) days feeding) ASDs; NR DBS
Beijing,
China (39°) Controls:
N=1,240
(77.4)

ASDs = autism spectrum disorders; ASQ = Ages and Stages Questionnaire; BF = breastfeeding; BMI = body mass index; DBS = dried blood spots; HAZ = height-for-age z-score;
HIV = human immunodeficiency virus; ID: intellectual disability; IQ = intelligence quotient; IQR = interquartile range; LAZ = length-for-age z-score; N = sample size; NR = not
reported; Q = quintile; ref. = reference group; RR = relative risk; SD = standard deviation; T1D = type 1 diabetes; VD = vitamin D; WAZ = weight-for-age z-score; WHZ =
weight-for-height z-score; WLZ = weight-for-length z-score

4 Measure from baseline or first exposure assessment.

b Results: ++ Significant difference indicating benefit of higher serum 25(OH)D levels (P < 0.05); + Marginally significant difference indicating benefit (0.05 < P < 0.1); 0 No
significant difference; - Marginally significant difference indicating detriment (0.05 < P <0.1); -- Significant difference indicating detriment (P < 0.05)
¢ According to Makinen et al. (2016) %, “when BMI increased with 1 kg/m?, median 25(OH)D concentration decreased with 1.3 nmol/L. The effect was similar in cases and

controls (P =.57)" (p. 727).

4 Adjusted mean Berge Priens IQ test scores according to quintiles of neonatal vitamin D levels. Results for linear regression model adjusted for maternal age at birth, maternal and

paternal education level, gestational age at birth, and season of birth.

¢ According to Sudfeld et al. (2015) %, “In multivariate analysis, the trajectory of WLZ significantly differed for infants with 25(OH)D concentrations of <10 ng/mL compared

with those with concentrations of 20-29.9 ng/mL (P < 0.01). Infants with 25(OH)D concentrations of <10 ng/mL experienced a rapid decrease in WLZ from 10-38 wk of age, but
then experienced catch-up, and WLZ was comparable to other groups by 110 wk of age” (p. 126).
f Intellectual disability defined as IQ < 80 on the Combined Raven’s Test after conversion to Chinese children’s norms.
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Table KQ2-9. Risk of bias assessment results for cohort studies® reporting on growth or neurological development outcomes

Demonstration
that outcome of

Comparability
of cohorts on the

Was follow-up

Selection of the  Ascertainment interest was not  basis of the long enough for  Adequacy of
Outcome non-exposed of 25(OH)D present at start design or Assessment of outcomes to follow up of
Author (year) assessed cohort concentrations of study analysis outcome occur? cohorts
Chowdhury et  Weight; length  a) Drawn from b) Method used a) Not present at  c¢) Both a)andb)  a) Independent a) Yes b) Subjects lost to
al. (2017) 72 the same was HPLC, RIA  start blind assessment follow up
community as the  kits, LC-MS/MS unlikely to
exposed cohort OR introduce bias
EIA/Chemilumin
escence
Chowdhury et Neurological a) Drawn from b) Method used a) Not present at ~ b) Study controls  a) Independent a) Yes c) Lost to follow
al. 2017) 7 development the same was HPLC, RIA  start for 3+ important  blind assessment up rate > 20%
community as the  kits, LC-MS/MS factors AND any and no
exposed cohort OR of the other description of
EIA/Chemilumin factors, gives those lost
escence justification for
non-inclusion
Pludowski et Body weight; a) Drawn from ¢) Other methods  a) Not presentat  ¢) Botha)andb)  a) Independent a) Yes ¢) Lost to follow
al. 2011) 73 body length the same were used to start blind assessment up rate > 20%
community as the assess 25(OH)D and no
exposed cohort or no description description of
those lost
Specht et al. Body mass a) Drawn from b) Method used a) Not present at  c¢) Botha)andb)  b) Record linkage a) Yes a) Complete
(2020) 7 index the same was HPLC, RIA  start follow up - all
community as the  kits, LC-MS/MS subjects were
exposed cohort OR accounted for
EIA/Chemilumin
escence
Specht et al. Neurological a) Drawn from b) Method used a) Not present at  c¢) Both a)andb)  b) Record linkage a) Yes a) Complete
(2020) ™ development the same was HPLC, RIA  start follow up - all
(IQ score) community as the  kits, LC-MS/MS subjects were
exposed cohort OR accounted for
EIA/Chemilumin
escence
Sudfeld et al. Height; weight a) Drawn from b) Method used b) Present at start c¢) Botha)andb)  a) Independent a) Yes d) No statement
(2015) % the same was HPLC, RIA  or unknown blind assessment
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Demonstration Comparability

that outcome of  of cohorts on the Was follow-up
Selection of the Ascertainment interest was not  basis of the long enough for  Adequacy of
Outcome non-exposed of 25(OH)D present at start design or Assessment of outcomes to follow up of
Author (year) assessed cohort concentrations of study analysis outcome occur? cohorts

community as the  kits, LC-MS/MS

exposed cohort OR
EIA/Chemilumin
escence

EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; RIA = Radioimmunoassay
2 Assessed with The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
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Table KQ2-10. Risk of bias assessment results for nested case-control studies® reporting on growth or neurological development outcomes

Supplement

Demonstr
ation that Compara Was Accounts
outcome bility of follow-up for
Ascertain  of interest cohorts on long unequal
Follow-up ment of was not the basis enough Adequacy probabilit
in the Selection 25(OH)D  present at  of the Assessme  for of follow y

Author Outcome  original Selection of concentra  start of design or  nt of outcomes  up of sampling  Adjusted

(year) assessed cohort of cases controls tions study analysis outcome to occur?  cohorts methods variance

Makinen  Body c)Lostto  b)Notall a)Drawn b) Method  a) Not Not clear d) No a) Yes b) Not clear b)

et al. mass followup  cases from randomly used was presentat  from description Controls from Analysis

(2016) ®®  index rate >20% the cohort  or matched HPLC, start reporting lost to reporting does not

and no were with cases  RIA Kkits, follow up include
description selected or AND LC- unlikely to adjusted
of those no drawn MS/MS introduce variance,
lost description  from the OR bias or no
same EIA/Chem statement
cohort as iluminesce
cases nce

Wuetal. Intellectua b) Subjects a) All a) Drawn d)Botha) a)Not c) Botha) a) a) Yes a) b) b)

2018) 7% 1 lost to cases from randomly and b) presentat  and b) Independe Complete  Conditiona Analysis
developm followup  the cohort  or matched start nt blind follow up - 1 logistic does not
ent (IQ) unlikely to  were with cases assessment all controls  regression  include

introduce selected AND (e.g., by were analysis adjusted
bias drawn physician/ accounted  with variance,
from the nurse or for matching or no
same from variables statement
cohort as health or
cases records) stratificati
on

EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; RIA = Radioimmunoassay

2 Assessed with an adapted version of The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
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KQ2. Fracture OQutcome

One large case-cohort study (n = 2,604; ~47.7% male) conducted in Denmark (~55°-58° N)
reported on the association between 25(OH)Ds levels at birth and bone fracture outcomes when
participants were 6-13 years old.”® Table KQ2-11 shows the characteristics of this study where cases
were identified through the Danish National Patient Registry (NPR), and fractures of interest were
forearm, wrist, or scaphoid bone (International Classification of Diseases, 10th edition [ICD-10]: S52,
S62.0); the clavicle (ICD-10: S42.0); or the ankle (ICD-10:S82.5, S82.6, S82.8). This study found no
association between serum 25(OH)Ds at birth as a continuous measure and fracture risk at age 6-13
years. When 25(OH)Ds quintiles were compared, participants in the middle quintile (mean 25[OH]Ds =
23.90 nmol/L) had significantly lower odds of fracture compared to participants in the lowest quintile
(mean 25[OH]D3 = 7.88 nmol/L; crude OR = 0.76; 95% CI 0.60, 0.98). This trend remained after
adjusting for age, sex, parity, maternal education level, maternal ethnicity, and maternal age (adjusted
OR =0.75; 95% CI1 0.58, 0.96). Other models adding either maternal smoking during pregnancy, season
of birth, or birth weight to the adjusted model also resulted in lower odds of fracture for the middle
quintile compared to the lowest quintile. In global tests, no significant overall association was found for
any model (P-value range: 0.08 — 0.16).

There was some potential for risk of bias in the selection of participants, as 100% of cases were
not included in the study; rather, a sample was selected randomly from all eligible cases (Table KQ2-
12). Due to this deviation from the classic case-cohort design, the study analysis did not include
weighting or robust adjustments for variance which resulted in additional potential for risk of bias.

KQ2. Blood Pressure

A cohort study (n =284, 56.3% male) conducted in Sweden (60° N) assessed the association
between 25(OH)Ds levels at birth and blood pressure outcomes at age 35 years (Table KQ2-13).”” This
study utilized stored dried blood samples which, when tested, showed signs of potential for 25(OH)D3
degradation. Due to this, 25(OH)D3 was assessed only as a continuous measure. Regression results
suggested no association between 25(OH)Ds3 at birth and systolic (95% CI -1.32, 6.21; P =0.20) or
diastolic (95% CI -2.46, 3.22; P =0.79) blood pressure at age 35 years after adjusting for sex, postnatal
age at sample collection, season of birth, preterm birth, maternal age, education, smoking, fish
consumption per week, exercise per week, and current 25(OH)D. A similar trend was found when
current BMI was added to the model (systolic 95% CI -2.67, 4.79; P = 0.58; diastolic 95% CI -3.56,
2.04; P =0.60).

In this study, there was a likelihood of low ROB for both the selection and comparability
domains (Table KQ2-14). There were some concerns for the outcome domain due to a loss to follow-up
rate of nearly 80%. With a 35-year follow-up duration, “rejection or no response to invitation”
accounted for 79% of those lost to follow-up. The paper states, “Response rates were not influenced by
sex or season of birth”;”” however, nothing was reported regarding differences between levels of
25(OH)D at birth for those who did or did not participate.
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Table KQ2-11. Characteristics and key findings of one case-cohort study reporting on fracture outcomes

Study Health
design; Enroll Mean age Breastf status; Mean age
country ment N analyzed (SD) at eeding Race or nutritional Exposur [range] at
Author (year) (latitude) year(s) (male %) baseline status ethnicity” status e follow-up Key findings®
Handel et al. Case- 1989- 2,604 Cases GA: NR Cases: NR; low 25(0OH)D NR [6-13]y  Odds of fracture at age 6-
(2017) 7 cohort; 1999 (~47.7%) 39.5(1.8) 95.7% VD3 levels 3 from 13 y by mean 25(OH)Ds
Denmark Cases: weeks European; DBS at at birth: ++ (middle
(~55°-58%) N=1,039 Controls GA: Controls: birth qulrlmle [23'9.0 n{n 017/155]55
(49.9) 39.6 (2.0) 92.3% vs. lowest quintile [7.
nmol/L])
Controls: weeks European .
- Risk of fracture at age 6-
N=1,565 13 y by continuous
(52.3) y oy

25(OH)Ds; at birth: 0

GA = gestational age; DBS = dried blood spots; N = sample size; NR = not reported; SD = standard deviation; VD3 = vitamin Ds; y = years

2 Maternal race/ethnicity reported.
b Results comparing higher to lower levels of serum 25(OH)D: ++ Significant beneficial effects of higher 25(OH)D levels (P < 0.05); + Marginally significant beneficial effects
(0.05 < P<0.1); 0 No effects; - Marginally significant detrimental effects (0.05 < P <0.1); -- Significant detrimental effects (P < 0.05).
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Table KQ2-12. Risk of bias assessment results for one case-cohort study® reporting on fracture outcomes

Demonstr
ation that Compara Was
outcome bility of follow-up
Ascertain  of interest cohorts on long
Study Follow-up ment of was not the basis enough Adequacy
design; in the Selection 25(OH)D  present at  of the Assessme  for of follow
Author outcome  original Selection of concentra  start of design or  nt of outcomes  up of Adjusted
(year) assessed cohort of cases controls tions study analysis outcome to occur?  cohorts Weighting variance
Handelet C-C; b) Subjects b) Notall  a) Drawn b) Method a) Not a) Study e) Botha) a)Yes b) d) b)
al. Fracture lost to cases from  randomly used was presentat  controls and b) Controls Analysis Analysis
(2017) 7 followup  the cohort  or matched HPLC, start for at least lost to does not does not
unlikely to  were with cases  RIA Kkits, 4/6 of the followup  include include
introduce selected or AND LC- important unlikely to  weighting  adjusted
bias no drawn MS/MS factors or introduce or no variance,
description  from the OR gives bias statement  or no
same EIA/Chem justificatio statement
cohort as iluminesce n for non-
cases nce inclusion

EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; RIA = Radioimmunoassay

2 Assessed with an adapted version of The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
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Table KQ2-13. Characteristics and key findings of a cohort study reporting on blood pressure outcomes

Study Health

design; N Mean age  Breastf status; Mean age
Author country Enrollmen analyzed (SD) at eeding Raceor nutritiona (SD) at
(year) (latitude) tyear(s) (male %) Dbaseline Status  ethnicity 1 status Exposure follow-up Key findings®
Tornhammar Cohort; 1975; 2010 N=284 ~4.8(1.2- NR 100% NR; NR 25(OH)Ds 35 (NR)y Systolic BP at
etal. (2014) Sweden  (follow-up) (56.3%) 1.3) days Swedish from DBS age35y: 0
" (60°) at birth Diastolic BP at

age35y: 0

BP = blood pressure; DBS = dried blood spots; N = sample size; NR = not reported; SD = standard deviation; y = years

2 Results comparing higher to lower levels of serum 25(OH)D: ++ Significant beneficial effects of higher 25(OH)D levels (P < 0.05); + Marginally significant beneficial effects

(0.05 < P <0.1); 0 No effects; - Marginally significant detrimental effects (0.05 < P <0.1); -- Significant detrimental effects (P < 0.05).

Table KQ2-14. Risk of bias assessment results for one cohort study® reporting on blood pressure outcomes

Demonstration Comparability

that outcome of  of cohorts on the Was follow-up
Selection of the  Ascertainment interest was not  basis of the long enough for  Adequacy of
Outcome non-exposed of 25(OH)D present at start design or Assessment of outcomes to follow up of
Author (year) assessed cohort concentrations of study analysis outcome occur? cohorts
Tornhammar Blood pressure  a) Drawn from b) Method used a) Not present at  ¢) Both a)andb)  a) Independent a) Yes ¢) Lost to follow
etal. (2014)77 the same was HPLC, RIA  start blind assessment up rate > 20%
community as the  kits, LC-MS/MS and no
exposed cohort OR description of
EIA/Chemilumin those lost
escence

EIA = Enzyme immunoassay; HPLC = High performance liquid chromatography; LC-MS = Liquid chromatography mass spectrometry; RIA = Radioimmunoassay

2 Assessed with The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses.
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KQ3. What is the effect of vitamin D intake on serum 25(OH)D concentrations in children aged 0 to 4
years?

Table KQ3-1 reports the characteristics of interventional studies reporting the effect of vitamin
D intake on serum 25-hydroxyvitamin D [25(OH)D] included in our review. Of the 67 studies (from 66
publications), 51 studies were conducted in children ages 0 to 4 years,?427-49-31-54.57.78-100 hile 16 studies
(from 14 publications) were conducted in children ages 3-9 years.3¢101-114

To perform planned subgroup analyses (see Background), we first categorized the included
studies into 5 sub-sections: 1) studies comparing different levels of daily vitamin D supplementation
(vitamin D3 or D2 supplements), 2) studies using non-daily vitamin D supplementation dosing regimens
(including single dose), 3) studies comparing supplementation to post-partum mothers to
supplementation to infants, 4) studies using food interventions with different levels of vitamin D or
comparing food interventions with vitamin D supplements, and 5) studies examining the effects of
combined vitamin D and calcium supplementation. Within each section, we then plotted the mean
25(0OH)D concentration and its 95% confidence interval at baseline (if reported) and at follow-up time
points for all intervention arms of each included study to summarize the individual study results. Results
of all follow-up time points were included; however, results from the post-intervention follow-up time
points were excluded.
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Table KQ3-1. Characteristics of all studies reporting the effect of vitamin D on serum 25(OH)D included in our review

Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
Abrams et al. RCT; N=64 2009-2011 Houston, USA; 6.6(1.4)[ NR NR NR 100% Healthy; EIA/Chemi- CDC: yes;
(2013) 29.7° 4-8.9] NR luminescence NIST: no
101 years
Aglipay et al. RCT; N= 2011-2015  Toronto, 2.7(1.5) 574  AnyBF NR 100% Healthy; Protein- CDC: yes;
(2017) 703 Canada; 43° years NR binding NIST: no
32 assay
Ala-houhala et al. RCT; N=92 1982 Tampere, Neonates NR Exclusively NR 100% Healthy; HPLC CDC: no;
(1985) Finland; 61° BF NR NIST: no
51
Ala-Houhala et al. RCT;N=16 1984 Tampere, Neonates NR Exclusively NR 100% Healthy; Competitive  CDC: no;
(1986) Finland; 61° BF NR protein NIST: no
78 binding
assay
Alahouhala et al. RCT; N=51 1984-1985 Tampere, [8-10 NR NA NR 100% Healthy; HPLC CDC: no;
(1988) 12 Finland; 61° years] NR NIST: no
Alonso et al. (2011) RCT; N=88  2007-2008 Spain; 43° Neonates  52.3 Any BF NR 100% Healthy; EIA/Chemi-  CDC: yes;
3 NR luminescence NIST: no
Aluisio et al. RCT; N= 2007-2009  Kabul, 0.5[0.08- NR NR NR 100% Healthy; EIA/Chemi-  CDC: yes;
(2013) 3046 Afghanistan; 0.92] NR luminescence NIST: no
7 34.5° years
Atas et al. (2013) RCT; N= 2006-2007  Istanbul, Neonates NR Exclusively NR 100% Healthy; HPLC CDC: no;
80 169 Turkey; 40° BF NR NIST: no
Brett et al. (2016) RCT; N=77 2014 Montreal, 5.1(1.9) 545 NA NR 100% Healthy; EIA/Chemi- CDC: yes;
103 Canada; 45.5°  years NA luminescence  NIST: yes
(mean
bias: NR)
Brett et al. (2018) RCT; N=51 2014 Montreal, ~52(1.8- 529 NA 60.8% 100% Healthy; HPLC CDC: no;
104 Canada; 46° 2.0) [1.9- White; <8% with low NIST: yes
8.6] years 39.4% non- vitamin D (mean
white bias:
(Hispanic, <5%)
Black, or
Asian)
Chan et al. (1982) RCT;N=91 NR Salt Lake City, Neonates = NR Any BF 100% White  100% Healthy; Competitive =~ CDC: no;
4 USA; NR NR protein NIST: no
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Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
binding
radioassay

Chandy et al. RCT; N= 2012-2014  India; 26° Neonates NR Any BF 100% Asian ~ 100% Healthy; RIA Kkits CDC: yes;
(2016) 230 Indian NR NIST: no
45
Dawodu et al. RCT; N= 2013-2016 ~ Dohar, Qatar; Neonates NR Exclusively NR 100% Healthy; EIA/Chemi-  CDC: yes;
(2019) 190 25° BF Low vitamin luminescence NIST: no
46 D intake
Economos et al. RCT; N= 2005-2006  Massachusetts, 8.0 (1.4) 61 NA 2.1% Asian; 100% Healthy; Protein CDC: yes;
(2014) 176 USA; 42° years 44.0% Black; NR binding NIST: no
105 24.8% assay

White;

12.8%

Hispanic;

16.3% other
Ekbote et al. (2011) RCT; N=60  2007-2008  Pune, India; 2.7(0.52) 52 NR Presumed 100% Healthy; EIA/Chemi-  CDC: yes;
81 19° [1-5] 100% Asian ~ NR luminescence  NIST: no

years Indian

Enlund-Cerullo et RCT; N= 2013-2016  Helsinki, NR [0-2 503 AnyBF 100% of 100% Healthy; EIA/Chemi-  CDC: yes;
al. (2019) 913 Finland; 60.2° years] mothers of NR luminescence NIST: yes
34 Northern (mean

European bias: <8%

Origin positive)
Gallo etal. (2013)a RCT; N=52  2010-2011  Montreal, 1 month 48 Any BF NR 100% Healthy; LC-MS/MS  CDC: no;
82 Canada; 46° NR NIST: no
Gallo et al. (2013)b RCT; N= 2007-2010  Montreal, Neonates 57.6  Exclusively 84% White, 100% Healthy; LC-MS CDC: yes;
38 132 Canada; 46° BF 16% non- NR NIST: no

white
Gordon et al. RCT; N=40 2005-2007 Boston, USA; Neonates 45 NR NR 100% Healthy; EIA/Chemi- CDC: yes;
(2008) 42° 100% vitamin ~ luminescence NIST: no
83 D deficiency
Grant et al. (2014) RCT; N= 2010-2011 Auckland, New Neonates 48.6  Any BF NR 100% Healthy; LC-MS/MS CDC: yes;
84 260 Zealand; -36° NR NIST: no
Grant et al. (2015)  RCT; N= 2010-2011  Auckland, New Neonates NR Any BF NR 100% Healthy; LC-MS/MS  CDC: yes;
30 236 Zealand; -36° NR NIST: no
Greer et al. (1981) RCT; N=30 1978 NR; NR Neonates NR Exclusively 94% 100% Healthy; NR CDC: no;
%8 BF Caucasian; NA NIST: no

6% Asian

Indian
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Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
Greer et al. (1982) RCT; N=30 1978 NR; NR Neonates NR Exclusively 94% White; 100% Healthy; NR CDC: no;
37 BF 6% Asian NA NIST: no
Indian
Harnot et al. (2017) RCT; N=60 2012-2013  Chandigarh, 1.2 (0.8) 683 NR Presumed 100% with EIA/Chemi-  CDC: yes;
85 India; 31° [0-3] 100% Asian  evidence of luminescence NIST: no
years Indian VitD
deficiency;
Low vitamin
D intake
Hibbs et al. (2018)  RCT; N= 2013-2016  Cleveland, Neonates 55 Any BF 100% Black ~ 100% preterm  EIA/Chemi-  NIST: no
24 300 USA; or African (mean luminescence
Charleston, American GA=33); NR
USA; Bronx,
USA; ~38°
Hirschler et al. Cluster RCT; 2011-2013  Salta, 8.8 (1.8) 469 NA 100% South ~ 100% Healthy; EIA/Chemi-  CDC: yes;
(2014) N=96 Argentina; -24°  years American Low vitamin luminescence NIST: no
106 indigenous D intake
children
Hollis et al. (2015) RCT; N= 2005 -2012  Charleston, NR [4-6] NR Any BF 23% Black; 100% Healthy; RIA kits CDC: no;
86 216 Rochester, weeks 51% White;  NR NIST: no
Morgantown, 26%
USA; 33°, 43° Hispanic
Holmlund-Suilaet  RCT; N= 2010-2011  Helsinki, Neonates 504  Any BF NR 100% Healthy; EIA/Chemi- CDC:
al. (2012) 113 Finland; 60.2° NR luminescence unclear;
3 NIST: no
Holstgemeiner et RCT; N=21 1976 Vienna, Neonates 23.8  Any BF Presumed Generally NR CDC: no;
al. (1978) Austria; 48° 100% healthy; NIST: no
87 Austrian
Huynh et al. (2017) RCT;N=70 2013-2014  St. Albans, Neonates NR Any BF NR 100% Healthy; EIA/Chemi-  CDC: no;
36 Australia; -38° VD deficiency  luminescence NIST: no
Karlsland Akeson RCT; N= NR Malmo and 6.3 years NR NR Presumed 100% Healthy; LC-MS/MS  CDC: yes;
et al. (dark skinned 206 Umea Sweden; 100% NA NIST: no

children) (2018) 55° and 63° Swedish
107
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Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
Karlsland Akeson RCT; N= NR Malmo and 6.3 years NR NR Presumed 100% Healthy; LC-MS/MS  CDC: yes;
et al. (fair-skinned 206 Umea Sweden,; 100% NA NIST: no
children) (2018) 55° and 63° Swedish
107
Kumar et al. (2011) RCT; N= 2007-2010  New Delhi, Neonates 46.7  Any BF Presumed 100% with RIA kits CDC: yes;
2 2079 India; 29° 100% Asian  low NIST: no
Indian birthweight
(range 1.8-2.5
kg); 100%
with severe
VD deficiency
Kunz et al. (1982) RCT;N=29 NR Bonn, Neonates NR NR Presumed Generally NR CDC: no;
88 Germany; 48° 100% healthy; Low NIST: no
German vitamin D
intake
Loeb et al. (2019) RCT; N= 2013-2016 ~ Thanh Ha, 8.6 [3-17] 50 NR NR 100% Healthy; EIA/Chemi-  CDC: yes;
108 1,300 Vietnam; 21.1°  years NR luminescence NIST: no
Madar et al. (2009) RCT; N=66  2004-2006  Oslo, Norway;  0.13 NR Any BF Pakistani, 100% Healthy; HPLC CDC: no;
8 60° (0.03) Turkish or Low vitamin NIST: no
years Somali D intake
background
Manaseki-Holland ~ RCT; N= 2008-2009  Kabul, ~0.54 52 Any BF Father Generally EIA/Chemi-  CDC: yes;
etal. (2012) 3046 Afghanistan; [0.17-1] ethnicity: healthy; luminescence NIST: no
B 34.6° years Tajik, Malnourished
Pashton,
Uzbek,
Hazara, or
other
Mandlik et al. Controlled 2014-2015  Pune, Western  ~8.12 545 NR 100% Asian  66% vit D EIA/Chemi-  CDC: no;
(2019) Trial; N= India; 18.5° (~1.2) Indian deficient; NR luminescence NIST: no
109 435 years
Marwabha et al. RCT; N= 2015-2016  Delhi, India; 8.9 [6.1- 0 NA Presumed 100% Healthy; EIA/Chemi- CDC: yes;
(2018) 240 29° 11.8] 100% Asian ~ Low vitamin luminescence NIST: no
10 years Indian D intake
Mittal et al. (2014) RCT; N=76  2010-2012  Delhi, India; ~17.5 55 NR Presumed 100% with RIA kits CDC: yes
9 ~29° (13.2- 100% Asian  clinical NIST: no
14.4) Indian evidence of
months rickets
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Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
Mittal et al. (2018) RCT; N= NR Delhi, India; 10.5 60 NR Presumed 100% with EIA/Chemi- CDC: yes
100 110 ~29° months [6 100% Asian  radiographic luminescence NIST: no
months — Indian evidence of
5 years] rickets
Moodley et al. RCT; N=51  2011-2012  Tijuana, Neonates 51 Any BF 100% 100% Healthy; LC-MS/MS  CDC: no
(2015) Mexico; ~32.5° Hispanic Low vitamin NIST: no
%0 D intake
Mortensen et al. RCT; N= 2014-2015  Copenhagena 6.6 (1.5) 47 NR NR 100% Healthy; LC-MS/MS  CDC: yes;
(2016) 130 and [4-8] NR NIST: no
1t Frederiksberg  years
Denmark; 55°
Natarajan et al. RCT; N=96  2011-2012  Northern India; Neonates 56.3  Any BF Presumed 100% preterm  EIA/Chemi-  CDC: yes;
(2014) ~29° 100% Asian  infants (mean  luminescence NIST: no
39 Indian GA =32.5);
81% with VD
deficiency
Ohlund et al. RCT; N= 2012-2013 Sweden; NA® 6.3 [5-7] 51.1 NR NR 100% Healthy; LC-MS/MS CDC: yes;
(2017) 206 years NR NIST: no
112
Pittard (term RCT; N=25 NR Charleston, US; Neonates 44 Exclusively NR 100% Healthy; Competitive = CDC: no;
infants only) et al. 32.8° formula NR protein NIST: no
(1991) binding
ol assays
Ponnapakkam et al. RCT; N=80 NR Louisiana, Neonates NR Any BF NR Not specified EIA/Chemi-  CDC: yes;
(2010) USA; ~30° but luminescence NIST: no
53 presumably
healthy;
Presumably
normal
Rao etal. (2016)% RCT;N=45 NR Kanpur, India;  ~3.1 NR NR Presumed NR; 100% EIA/Chemi- CDC:no
26° (~0.7-0.9) 100% Asian ~ with VD luminescence NIST: no
[2.5] Indian deficiency
years (<20 ng/mL)
Rosendahl et al. RCT; N= 2013-2014  Helsinki, Neonates 50.3  Any BF 100% of 100% Healthy; EIA/Chemi-  CDC: yes;
(2018) 975 Finland; 60.2° mothers of 95.7% with luminescence NIST: yes
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Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
» Northern vitamin D (mean
European sufficiency bias:
Origin <8%)
Rueter et al. (2019) RCT; N= 2012-2017  Perth, Neonates 53 NR NR 100% Healthy; EIA/Chemi-  CDC: yes;
2 195 Australia; 32° NR luminescence NIST: no
Shajari et al. (2009) RCT;N=90 NR Yazd, Iran; 32° Neonates NR Exclusively Presumed 100% Healthy; NR CDC: no
92 BF 100% Iranian  Presumably NIST: no
normal
Shakiba et al. RCT; N=75 2007 Yazd, Iran; 32° Neonates  46.7 Any BF NR 100% Healthy; EIA/Chemi-  CDC: yes;
(2010) NR luminescence NIST: no
93
Shakiba et al. Non- 2010 Yazd, Iran; 32° Neonates 49.4  Exclusively NR 100% Healthy; EIA/Chemi-  CDC: yes;
(2014) randomized BF NR luminescence NIST: no
%4 trial; N= 83
Sharma et al. RCT; N= 2007-2010  Montreal, 1 month 57.6  Any BF 84% White; 100% Healthy; LC-MS/MS CDC: no;
(2016) 132 Canada; 46° 15% non- NR NIST: no
93 white
Siafarikas et al. RCT; N=40 NR Berlin, Neonates NR Any BF NR 100% Healthy; RIA kits CDC: no;
(2011) Germany; 52.5° NR NIST: no
52
Singh et al. (2018)  RCT; N= 2013-2014  New Delhi, Neonates 55 Exclusively Presumed 100% Healthy; EIA/Chemi- CDC: no;
44 100 India; 29° BF 100% Asian ~ ~47% with VD  luminescence NIST: no
Indian deficiency
Stellinga-Boelen et RCT; N= 2003 Groningen, The 7.1 [2-12] 58 NR NR 100% Healthy; RIA Kkits CDC: yes;
al. (2007) 135 Netherlands; years estimated VD NIST: no
13 53° intake ranged:
0.1-6.0 pug
(median 1.2
Hg)
Talaat et al. (2016) RCT; N= 2014 Taif region, 85(3.53) 493 NR NR 100% Healthy; EIA/Chemi-  CDC: yes;
114 637 KSA; 21.4° [2-18] Low vitamin luminescence  NIST: no
years D intake
Trilok-Kumar et al. RCT; N= 2007-2010  New Delhi, Neonates 52.1  Any BF Presumed Low birth RIA Kkits CDC: yes;
(2015) 912 India; 29° 100% Asian  weight (1.8 to NIST: no
48 Indian <2.5 kg);
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Study Mean age Health status;
design; N Enrollment Location; (SD) Male Breastfeeding Race or nutritional Assay Assay
Author (year) randomized years latitude [range] (%) status ethnicity status method standards
~50% with
vitamin D
deficiency at
follow-up
Wagner et al. RCT; N=19 NR Charleston, Neonates 47 Exclusive or White: 79% 100% Healthy; NR NR
(2006) #! South Carolina, fully BF Hispanic: NR
United States; 11%
33¢ Black: 11%
Wicklow et al. RCT; N=55 2009-2011 Montreal, Neonates 564  Any BF 87.3% 100% Healthy; LC-MS/MS CDC: no;
(2016) Canada; 46° White; NR NIST: no
4 12.7% non-
white
Zeghoud et al. RCT; N=30 1991-1992  Constantine, NR [0- NR NR NR 100% Healthy; RIA Kkits CDC: no;
(1991-1992 study) Algeria; 36° 0.75 Low vitamin NIST: no
(1994) years) D intake
9%
Zeghoud et al. RCT; N=80 199%4 Compiegne, Neonates NR NR 99% Mothers 100% Healthy; RIA kits CDC: no;
(1997) France; 49° of European = NR NIST: no
o7 extraction
Zhou et al. (2018) RCT; N= 2015-2016  Yongkang, Neonates 52.3  Any BF Presumed Generally NR CDC: no
31 400 China; 100% healthy; NIST: no
Wenzhou, Chinese Presumed
China; Jinhua, normal
China; ~29°
Ziegler et al. (2014) RCT; N= 2006-2010  Iowa City, 1 month NR Exclusively 100% Healthy; RIA kits CDC: yes;
40 213 USA; 41° BF Normal NIST: no

BF = Breast Feeding; CDC = Centers for Disease Control and Prevention; EIA = Enzyme immunoassay; GA = gestational age; HPLC = High performance liquid chromatography;
LC-MS = Liquid chromatography mass spectrometry; NIST = National Institute of Standards and Technology; NA = Not applicable; NR = Not reported; RCT = Randomized
controlled trial; RIA = Radioimmunoassay; VD = Vitamin D
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KQ3. Studies comparing different levels of daily vitamin D supplementation

Total of 38 unique studies (in 39 publications) examining the effects of daily vitamin D intake on
serum 25(OH)D concentration were included, of which, 30 trials (in 31 publications) were conducted in
children 0 to 12 months,2*+?27-29-31,33-40,43-46,52,53,78,80,82-84,86-89,91.93.95.97 g ne was conducted in children 1 to 4
years,>? and seven were conducted in children 3 to 9 years.!01-103:109%-11L114 The characteristics of these
studies are reported in Table KQ3-1.

Children 0-12 months old

Thirty trials reported in 31 publications (all RCTs) examining the effects of daily vitamin D
intake on serum 25(OH)D concentration in children 0 to 12 months were included.*?7-29:31.33-40.43-
46,52,53,78,80.82-84.86-89.91.93.95.97 The individual study results are shown in Figures KQ3-1a and KQ3-1b.
The doses of vitamin D supplementation (mostly vitamin D3) ranged from 200 to 2,000 IU/d across the
30 RCTs, and of these, 11 RCTs included a non-vitamin D supplementation comparison group (placebo,
no intervention, or maternal supplementation). Intervention durations ranged from six to 94 weeks.
Sample sizes ranged widely from five to 459 subjects per intervention arm.

Figure KQ3-2 shows the summary and individual risk of bias (ROB) plots for trials reporting
the effect of vitamin D intake on serum 25(OH)D concentration in children from birth to 12 months of
age. More than 75% of trials had some or high ROB due to deviations from intended interventions,
especially issues of non-adherence and how they were accounted for in the statistical methods. More
than 75% of trials also had some or high ROB due to selection of the reported results. More than 50% of
trials had some ROB in the randomization process and some or high ROB due to missing outcome data.
Nearly all studies (>95% of studies) had low ROB in measurement of the outcome.

Children 1 to 4 years old

Only one study examining the effects of daily vitamin D intake on serum 25(OH)D concentration
conducted in children 1 to 4 years was included.?? The study results are shown in Figure KQ3-1b. In the
study, children were randomized to either 400 IU/d or 2,000 IU/d of vitamin D3. At 16 weeks follow-up,
serum 25(OH)D remained unchanged in the 400 IU/d group but had significantly increased from 89.6 to
121.6 nmol/L in the 2,000 IU/d group. The study was assessed as having high ROB due to deviations
from intended intervention, specifically surrounding to issues of adherence and statistical analysis;
however, the study was assessed as having low ROB in all other domains.

Random-effects meta-regression analysis of studies conducted in children O to 4 years showed
that each 100 IU/d increase in vitamin D supplementation was associated with an average of 1.92 (95%
C10.28, 3.56) nmol/L increase in achieved 25(OH)D concentration (n = 53 intervention arms; P =
0.022; adjusted R? = 9.07%). However, the residual heterogeneity is large (I> = 99.39%) (see Table
KQ3-2; Figure KQ3-3).
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Table KQ3-2. Random-effects meta-regression analysis to examine the association between daily
vitamin D supplementation doses and achieved 25(OH)D concentrations at the end of intervention
period in children 0 to 4 years®

Meta-regression Number of observation = 53°
REML estimate of between-study variance tau® = 662.6
% residual variation due to heterogeneity I? residual = 99.39%
Proportion of between-study variance explained with Knapp- Adj R-squared = 9.07%
Hartung modification
Std.
Coef. Err. t P>t [95% CI]
Vitamin D daily dose (IU) 0.0192 | 0.0082 2.3500 0.0220 0.0028 ‘ 0.0356

Adj = adjusted; IU = international units; REML = restricted maximum likelihood

2 Meta-regression analysis includes 27 studies with mean age 0-12 months and one study with mean age 2.7 years.
® Meta-regression analysis included 28 unique RCTs with total 53 intervention arms.

Three RCTs examining the effects of daily vitamin D intake on serum 25(OH)D concentration in
children 0 to 4 years cannot be included in the meta-regression analysis due to insufficient quantitative
data.?*8386 One RCT showed that 2,000 IU/d of vitamin D> and 2,000 IU/d of vitamin D3
supplementation had similar effects on changes in 25(OH)D concentrations (both groups had about
150% increase from baseline; data were reported in the figure only).3* Another RCT showed that
neonates receiving 400 1U/d of vitamin D3 had significantly higher median serum 25(OH)D levels after
three months compared to placebo group (38.0 vs. 36.8 ng/mL; P<0.001), but there was no significant
difference in 25(OH)D concentrations at six or 12 months.?* Lastly, an RCT compared exclusively
breastfed infant-mother dyads both receiving 400 IU/d of vitamin D3 to exclusively breastfed infant-
mother dyads with infants receiving placebo and mothers receiving 2,400 IU or 6,400 IU/d of vitamin
Ds. Analysis revealed no difference in serum 25(OH)D between the groups.®¢
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Figure KQ3-1a. Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study arms in
children 0-12 months. Legend: BF = breastfeeding; wk = weeks

Vit D dose Follow-up, Mean 25{0H)D, nmol/L
Trial 1D and Study BF status Arm {1uvd) 25{0H)D assay wk n (95% CI)
ID: 4
Ala-Houhala et al. (1986) exclusively BF other: specify o other (specify) 0 17 L] 23.35(14.93, 31.77)
Ala-Houhala et al. (1986) exclusively BF other: specify ] other (specify) [} 16 - 18.52 (12.21, 24.83)
Ala-Houhala et al. (1986) exclusively BF other: specify 4] other (specify) 1 17 —— 52.87 (41.83, 63.92)
Ala-Houhala et al. (1986) exclusively BF other: specify 0 other (specify) 1 16 - 30.60 (25.86, 35.33)
Ala-Houhala et al. (1986) exclusively BF other: specify o other (specify) 15 16 il 41.33 (33.44, 40.22)
Ala-Houhala et al. (1986) exclusively BF other: specify ] other (specify) 15 17 —— 70.59 (55.86, 85.31)
Ala-Houhala et al. (1986) exclusively BF vit D2 400 other (specify) 0 16 - 19.86 (12.50, 27.23)
Ala-Houhala et al. (1986) exclusively BF vit D2 400 other (specify) 8 16 —— 58.85 (43.54, 76.16)
Ala-Houhala et al. (1986) exclusively BF vit D2 400 other (specify) 15 16 e ] 82.66 (57.94, 107.39)
ID: 6
Alonso et al. (2011) any BF no intervention 0 ElA/Chemiluminsecense 12 44 =i 68.89 (59.45, 78.33)
Alonso et al. (2011) any BF no intervention o EIA/Chemiluminsecense 24 45 == 81.12 (74.83, 87.61)
Alonso et al. (2011) any BF no intervention ] ElA/Chemiluminsecense 48 43 —— 92.10 (81.96, 102.25)
Alonso et al. (2011) any BF vit D only 402 ElIA/Chemiluminsecense 12 39 i 104.33 (91.25, 117.41)
Alonso et al. (2011) any BF vit D only 402 ElA/Chemiluminsecense 24 3 —f— 109.32 (97.20, 121.45)
Alonso et al. (2011) any BF vit D only 402 EIA/Chemiluminsecense 48 28 - 99.59 (90.72, 108.47)
ID: 8
Atas et al. (2013) exclusively BF vit D only 200 HPLC 14 75 —— 126.30 (115.79, 136.80)
Atas et al. (2013) exclusively BF vit D only 400 HPLC 14 64 —— 184.20 (168.73, 190.68)
ID: 9
Holmlund-Suila et al. (2012) any BF vit D3 1200 ElA/Chemiluminsecense 0 38 - 35.00 (30.23, 39.77)
Holmlund-Suila et al. (2012) any BF vit D3 1200 ElA/Chemiluminsecense 10 3s i 124.00 (114.06, 133.94)
Holmlund-Suila et al. (2012) any BF vit D3 1600 ElA/Chemiluminsecense 0 37 - 37.00 (32.81,41.19)
Holmlund-Suila et al. (2012) any BF vit D3 1600 EIA/Chemiluminsecense 10 37 —f— 153.00 (140.11, 165.89)
Holmlund-Suila et al. (2012) any BF vit D3 400 EIA/Chemiluminsecense 0 37 - 35.00 (30.49, 39.51)
Holmlund-Suila et al. (2012) any BF vit D3 400 ElA/Chemiluminsecense 10 34 - 8B.00 (81.95, 94.05)
ID: 13
Chan et al. (1982) any BF no intervention 0 other (specify) ] 20 ——l— 49.92 (35.24, 64.60)
Chan et al. (1882) any BF ne intervention o other (specify) [ 22 i 42.43 (32.85, 52.22)
Chan et al. (1982) any BF ne intervention 0 other (specify) 14 23 —— 42.43 (27.76, 57.11)
Chan et al. (1982) any BF no intervention 4] other (specify) 22 19 —-— 47.42 (37.64, 57.21)
Chan et al. (1982) any BF vit D3 400 other (specify) 0 29 - 34.94 (30.05, 39.84)
Chan et al. (1982) any BF vit D3 400 other (specify) 6 23 —— 47.42 (37.84, 57.21)
Chan et al. (1982) any BF vit D3 400 other (specify) 14 24 —_— 54.91 (40,24, 69.59)
Chan et al. (1982) any BF vit D3 400 other (specify) 22 20 —— 57.41 (42,73, 72.08)
1D: 14
Chandy et al. (2016) exclusively BF placebo o RIA kits 14 54 - 42.30 (34.67, 40.93)
Chandy et al. (2016) exclusively BF other: specify 4] RIA kits 14 51 = 60.90 (52.69, 69.11)
Chandy et al. (2018) exclusively BF vit D3 400 RIA kits 14 47 - 59.30 (51.87, 66.73)
ID: 15
Dawodu et al. (2019) exclusively BF placebo 4] EIAChemiluminsecense 0 93 = 31.90 (27.49, 36.31)
Dawodu et al. (2019) exclusively BF placebo 0 ElA/Chemiluminsecense 12 67 == 81.40 (75.05, 87.75)
Dawodu et al. (2019) exclusively BF placebo 0 ElA/Chemiluminsecense 24 55 —— 92.20 (82.82, 101.58)
Dawodu et al. (2019) exclusively BF vit D3 400 ElA/Chemiluminsecense 0 94 - 20.60 (26.18, 33.02)
Dawodu et al. (2019) exclusively BF vit D3 400 ElA/Chemiluminsecense 12 60 ol 105.50 (92.75, 118.25)
Dawodu et al. (2019) exclusively BF vit D3 400 ElIA/Chemiluminsecense 24 47 —— 109.10 (96.72, 121.48)
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Figure KQ3-1a (continued). Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study

arms in children 0-12 months. Legend: BF = breastfeeding; wk = weeks
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81.20 (79.01, 83.39)
114.40 (111.62, 117.18)
81.40 (78.86, 83.94)
82.70 (80.76, 84.64)
115.00 (112,30, 117.70)
117.70 (115.17, 120.23)
82.70 (80.76, 84.64)
86.60 (84.69, 88.51)

56.90 (43.69, 70.11)
69.50 (57.74, 81.26)
54.60 (45.49, 63.71)
44.20 (35.05, 53.35)
69.00 (57.00, 81.00)
82.90 (74.02, 91.78)
76.80 (70.11, 83.49)
64.80 (54.32, 75.28)

64.64 (55.94, 73.33)
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109.28 (88.70, 129.86)
63.64 (51.27, 76.00)
120.85 (84.00, 157.70)
180.00 (153.50, 206.50)
160.12 (130.30, 189.94)
122.79 (100.48, 145.09)
55.18 (48.67, 61.69)
66.27 (59.52, 73.01)
78.00 (71.50, 84.50)
81.69 (73.01, 90.36)
75.90 (69.40, 82.41)
52.84 (44.02, 61.67)
84.71 (74.41, 95.00)
102.00 (90.00, 114.00)
98.43 (86.42, 110.44)
87.65 (80.29, 95.00)
65.64 (54.11, 77.18)
135.53 (116.51, 154.56)
115.56 (06.89, 134.24)
56.41 (47.21, 65.61)
82.62 (74.20, 91.03)
81.12 (69.67, 92.57)
52.17 (41.67, 62.66)
101.34 (87.96, 114.71)
100.34 (87.74, 112.94)
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Figure KQ3-1a (continued). Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study
arms in children 0-12 months. Legend: BF = breastfeeding; wk = weeks

Vit D dose Follow-up, Mean 25(0H)D, nmoliL
Trial ID and Study BF status Arm {1Uid) 25(0H)D assay wk n (95% CI)
ID: 22
Gaordon et al. (2008) nr vit D2 2000 ElAChemiluminsecense 0 12 - 39.31 (33.69, 44.93)
Gordon at al. (2008) nr vit D3 2000 El&/Chemiluminsecense 0 14 L ] 38.06 (33.08, 43.05)
ID: 23
Grant at al. {2014) any BF placebo o LC-MSMS o 63 | | 37.19 (36.13, 38.24)
Grant at al. (2014} any BF placebo o LC-MSMS 3 70 | 54.08 (51.98, 56.57)
Grant at al. (2014) any BF placebo o LC-MSMS 16 68 n 70.61 (68.40, 72.82)
Grant ot al. (2014) any BF placabo 0 LC-MSMS 24 bed [ ] 78.15 (76.46, 79.83)
Grant ot al. (2014) any BF vit D3 400 LC-MSMS 0 74 | | 59,80 (59.12, 60.49)
Grant ot al. (2014) any BF vit D3 400 LC-MSMS 8 74 | | 7.70 (86.21, 89.18)
Grant at al. {2014) any BF vit D3 400 LC-MSMS 18 &1 u 91.46 (90.27, 92.66)
Grant at al. (2014} any BF vit D3 400 LC-MSMS 24 67 | B5.43 (B84.47, 86.40)
Grant at al. (2014) any BF vit D3 B0O LC-MSMS o 63 n 67.59 (66.60, 68.59)
Grant ot al. (2014) any BF vit D3 800 LC-MSMS 8 &1 ] 120,36 (118.28, 122.44)
Grant at al. (2014) any BF vitD3 80O LC-MSMS 18 80 n 109.05 {107.21, 110.90)
Grant ot al. (2014) any BF vit D3 800 LC-MSMS 24 70 | | 101.01 (99.72, 102.31)
I0: 27
Greer et al. (1981) exclusively BF placebo o ather (specify) 12 9 u 20.00 (18.04, 21.96)
Graer et al. (1981) exclusively BF  vit D3 400 ather (spacify) 12 a u 38.00 (36.04, 39.96)
1D: 30
Hibbs et al. (2018) any BF vitD3 400 ElA/Chemiluminsecense 0 147 ] 52.42 (50.00, 54.83)
Hibbs et al. (2018) any BF wit D3 400 ElA/Chemiluminsecense 0 183 [ ] 52.24 (48.80, 55.88)
10: 33
Hollis et al. (2015) exclusivaly BF  placebo 0 FIA kits ] 106 —— 94,60 (83.53, 105.67)
Hollis et al. (2015) exclusively BF  vit D3 400 FIA kits ] 10 —— 84.12 (73.15, 95.08)
ID: 35
Holstgemeiner et al. (1978) any BF vit D3 1200 nr o 10 = 30.70 (26.70, 34.70}
Holstgemeiner etal. (1978) any BF vit D3 1200 nr 5 8 ——— 153.18 (107.80, 198.59)
1D: 36
Huynh et al. (2017) any BF vit D3 400 ElA/Chemiluminsecense 14 23 = 81.29 (73.53, 89.05)
1D: 40
Kunz et al. (1982) any BF vit D3 1000 nr 3 16 ——— 134.78 (11277, 156.80)
Kunz et al. (1982) any BF vit D3 500 nr [ 13 il 92.35 (81.50, 103.21)
1D: 45
Madar et al. (2008) any BF no intarvention o HPLG o 29 —fl— 55.80 (42.77, 68.83)
Madar et al. (2008) any BF no intervention o HPLG 7 29 —fl— 72.70 (60.29, 85.11)
Madar et al. (2008) any BF vit D2 400 HPLG o 22 —— 38.80 (24.26, 53.34)
Madar et al. (2009) any BF vit D2 400 HPLG 7 22 —— 93.50 (80.63, 106.37)
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Figure KQ3-1a (continued). Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study
arms in children 0-12 months. Legend: BF = breastfeeding; wk = weeks

Vit D dose Follow-up, Mean 25(0H)D, nmoliL
Trial 1D and Study BF status Arm (1U/d) 25(0H)D assay wh n {95% Cl)
ID: 52
Matarajan et al. (2014) any BF vit D3 400 EIA/Chemiluminsecense 7.5 45 == 49,00 (42.52, 55.47)
Natarajan et al. (2014) any BF vit D3 800 EIA/Chemiluminsecense 7.6 43 —_—— 93.48 (77.67, 109.28)
ID: 54
Pittard {term infants only) et al. (1991}  exclusively formula  vit D only 400 ather (specify) 2 1 b ol 57.41 (45.61,69.21)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 400 other (specify) 4 11 i 52.42 (40,62, 64.22)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 400 other (specify) 6 1 —— 62.40 (47.65, 77.15)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 400 other (specify) 8 i —— 69.89 (50.71, 89.06)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 400 other (specify) 10 11 —— 67.39 (54.12, B0.67)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 400 other (specify) 12 1 —ll— 67.39 (54.12, BO.67)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 400 other (specify) 14 11 e 72.38 (53.21, 91.56)
Pittard {term infants only) et al. (1991}  exclusively formula  vit D only 400 ather (specify) 16 1 —— 64.90 (47.20, 82.60)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) 2 5 ] 52.42 (41.48, 63.36)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) 4 5 s £4.90 (47.39, B2.40)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) B 5 —— 69.89 (56.76, 83.01)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) 8 5 —— 69.89 (50.20, 89.58)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) 10 5 —— 82.37 (53.93, 110.81)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) 12 5 —— 84.86 (49.86, 119.87)
Pittard {term infants only) et al. (1991}  exclusively formula  vit D only 800 ather (specify) 14 5 —— 82.37 (47.36, 117.37)
Pittard (term infants only) et al. (1991)  exclusively formula  vit D only 800 other (specify) 16 5 e — 87.36 (56.73, 117.99)
ID: 55
Ponnapakkam et al. (2010) any BF vit D3 EIA/Chemiluminsecense 8 B - 88.75 (37.77, 139.73)
Ponnapakkam et al. (2010) any BF vit D3 EIA/Chemiluminsecense 16 7 = 132.86 (87.87, 177.84)
Ponnapakkam et al. (2010) any BF placebo ] ElA/Chemiluminsecense 8 6 e 44.00 (27.55, 60.45)
Ponnapakkam et al. (2010) any BF placebo 0 ElA/Chemiluminsecense 16 6 i 57.83 (43.74, 71.93)
Ponnapakkam et al. (2010) any BF placebo 0 ElA/Chemiluminsecense 24 8 —_— 108.00 (69.51, 146.49)
Ponnapakkam et al. (2010) any BF vit D3 200 EIA/Chemiluminsecense 8 [ = 83.00 (36.92, 120.08)
Ponnapakkam et al. (2010) any BF vit D3 200 EIA/Chemiluminsecense 16 [} = 122.33 (53.04, 191.62)
Ponnapakkam et al. (2010) any BF vit D3 200 EIA/Chemiluminsecense 24 B ——— 99,86 (73.55, 126.16)
ID: 59
Rueter et al. (2019) nr placebo 0 ElA/Chemiluminsecense 12 90 - 59.20 (54.51, 63.89)
Rueter et al. (2013) nr placebo ] ElA/Chemiluminsecense 24 87 - 82.00 (76.14, 87.86)
Rueter et al. (2019) nr vit D3 400 EIA/Chemiluminsecense 12 a0 == 83.20 (77.46, 88.94)
Rueter et al. (2013) nr vit D3 400 EIA/Chemiluminsecense 24 B6 il 93.10 (87.03, 99.17)
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Figure KQ3-1a (continued). Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study

arms in children 0-12 months. Legend: BF = breastfeeding; wk = weeks

Trial ID and Study

ID: 61
Shakiba et al. (2010)
Shakiba et al. (2010)

ID: 63

Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)
Sharma et al. (2016)

ID: 64

Siafarikas et al. (2011)
Siafarikas et al. (2011)
Siafarikas et al. (2011)
Siafarikas et al. (2011)

ID: 65
Singh et al. (2018)
Singh et al. (2018)

BF status Arm

any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3
any BF vit D3

exclusively BF no intervention
exclusively BF wvit D3

Vit D dose
(1Urd)

200

1200
1200
1200
1200
1200
1200
1600
1600
1600
1600
1600
1600

250
250
500
500

Follow-up,
25(0H)D assay wk

ElA/Chemiluminsecense 24

ElA/Chemiluminsecense 24

LC-MSMS 0
LC-MSMS 4
LC-MSMS B
LC-MS/MS 20
LC-MSMS 3z
LC-MSMS 44
LC-MSMS 0
LC-MSMS 4
LC-MSMS 8
LC-MSMS 20
LC-MS/MS 32
LC-MSMS 44
LC-MSMS 0
LC-MSMS 4
LC-MSMS 8
LC-MS/MS 20
LC-MSMS 3z
LC-MSMS 44
LC-MSMS 0
LC-MSMS 4
LC-MSMS 8
LC-MSMS 20
LC-MSMS 3z
LC-MSMS 44
RIA kits 0
RIA kits [
RIA kits ]
RIA kits 6

ElA/Chemiluminsecense 24

EIA/Chemiluminsecense 24

19
26

29
30
27
30
27
28

13
13
10
12
12
35
24
29
29
29
29
29
30
3z
30
28
27

48
49

|+}+

+
+“\

———
. —

Mean 25(0H)D, nmol/L
(95% CI)

78.12 (68.59, 87.66)
95.85 (84.91, 106.78)

64.65 (56.71, 72.58)
120.24 (106.00, 134.49)
130.85 (114.56, 147.14)
125.42 (112,69, 138.16)
139.96 (115.37, 164.55)
90.04 (82.71, 97.37)
62.15 (48.73, 75.57)
122,30 (84.35, 160.26)
179.65 (156.66, 202.64)
165.92 (142.07, 189.78)
124.80 (103.47, 146.13)
98.53 (81.90, 115.16)
57.72 (51.84, 63.60)
62.90 (55.72, 70.08)
75.88 (69.02, 82.74)
75.32 (64.18, 86.46)
72.20 (65.49, 78.90)
71.88 (67.67, 76.10)
56.35 (47.90, 64.80)
87.36 (77.38, 97.34)
105.27 (93.36, 117.17)
103.02 (92.32, 113.73)
83.87 (76.51, 91.22)
80.00 (72.92, 87.07)

68.00 (53.00, 83.00)
139.00 (114.00, 164.00)
68.00 (53.00, 83.00)

151.00 (126.00, 176.00)

67.14 (55.70, 78.58)
75.38 (62.50, 88.17)
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Figure KQ3-1a (continued). Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study
arms in children 0-12 months. Legend: BF = breastfeeding; wk = weeks

Vit D dose Fallaw-up, Mean 25[0H)D, nmallL

Trial ID and Study BF status Am (1) 25(0H]D assay wik n (95% CI)
1D: 77
Zeghaud et al. (Hypavitaminosis group 16-30 nmoliLinr vit D2 1000 RIA kits 0 1 L 21.82 (18,67, 24.96)
Zeghoud et al. (Hypovitaminosis group 16-30 nmoliLnr vitD2 1000 RIA kits 4 1 —a— 59.80 (49.34, 70.26)
Zeghoud et al. (Hypovitaminosis group 16-30 nmoliLnr vitD2 1000 RIA kits 12 1 —— 69.63 (58.31, BO.95)
Zeghoud et al. (Hypovitaminosis group 16-30 nmoliLnr vitD2 500 RIA kits ] 8 - 2214 (18.99, 25.28)
Zaghaud et al. (Hypavitaminosis group 16-30 amol/Linr vit D2 500 AIA kits 4 9 e 5A.72 (52.43, 65.01)
Zaghoud et al. (Hypavitaminosis group 16-30 amol/Lins vit D2 500 AIA kits 12 9 el B5.45 (54.76, 76.15)
Zaghoud et al. (Vit D deficient group ==15 nmalll)  nr vit D2 1000 AIA kits o 4 == 17.97 (12.94, 23.00)
Zeghoud et al. (Vit D deficient group <=15 nmalll] nr vit D2 1000 RIA kits 4 4 ] 51.30 (39.54, 63.08)
Zeghoud et al. (Vit D deficent group <=15nmalll] nr vit D2 1000 RIA kits 12 4 —— 70.27 (61.46, 79.07)
Zeghoud et al. (Vit D deficent group <=15nmalll] nr vit D2 500 RIA kits o 8 - 18.29 (14.52, 22.06)
Zeghoud et al. (Vit D deficient group <=15 nmolll] nr vit D2 500 RIA kits 4 8 - 45.50 (40.37, 50.63)
Zeghoud et al. (Vit D deficient group <=15 nmolll]  nr vit D2 500 RIA kits 12 8 - 55.83 (50.17, 61.49)
Zeghoud et al. (Vit D sufficient group >30 nmoliL) nr vit D2 1000 RIA kits o 13 - 46.84 (43.07, 50.62)
Zeghoud et al. (Vit D sufficient group =30 nmalll}  nr vitD2 1000 RIA kits 4 13 =il 589.20 (53.00, 65.40)
Zeghoud et al. (Vit D sufficient group =30 nmalll}  nr vitD2 1000 RIA kits 12 12 —i— 69.30 (61.13, 77.48)
Zeghoud et al. (Vit D sufficient group =30 nmalll}  nr vitD2 500 RIA kits ] T == 47.81 (42.78, 52.84)
Zeghoud et al. (Vit D sufficient group =30 nmalll}  nr vitD2 500 RIA kits 4 T == 50.68 (54.65, 64.71)
Zeghoud et al. (Vit D sufficient group =30 nmalll}  nr vitD2 500 RIA kits 12 T - B2.57 (57.54, 67.60)
1D: 78
Zhou et al. (2018) any BF vit D3 1200 fr 0 164 ] 42,60 (4170, 43 50)
Zhou et al. (2018) any BF vit D3 1200 fr 6 164 | 61.30 (59.82, 52.78)
Zhou et al. (2018) any BF vit D3 1200 fr 16 164 | | 62.80 (61.24, 54.36)
Zhou et al. (2018) any BF vitD3 400 nr ] 168 ] 43.40 (42.48, 44.32)
Zhou et al. (2018) any BF vitD3 400 nr ] 168 ] 43.80 (42.89, 44.71)
Zhou et al. (2018) any BF vitD3 400 nr 16 168 n 43.10 (42.13, 44.07)
ID: 80
Ziegler et al. (2014) exclusivaly BF vit D3 200 RIA kits o 1 - 35.10 (30.18, 40.02)
Ziegler et al. (2014) exclusively BF vit D3 200 AIA kits 8 53 —— 64.30 (58,65, 69.95)
Ziegler et al. (2014) exclusively BF vit D3 200 RIA kits 16 46 —— 76.10 (67.95, B4.25)
Ziegler et al. (2014) exclusively BF vit D3 200 RIA kits 22 45 —— 75.10 (66.31, B3.83)
Ziegler et al. (2014) exclusively BF vit D3 200 AIA Kits a0 42 —— 85.70 (78.47, 92.93)
Ziegler et al. (2014) exclusively BF vit D3 400 AIA Kits i} 60 - 42.20 (37.49, 46.91)
Ziegler et al. (2014) exclusively BF vit D3 400 AIA Kits 8 55 - 72.20 (67.05, 77.35)
Ziegler et al. (2014) exclusively BF vit D3 400 RIA kits 16 44 i B1.30 (72.67, 89.93)
Ziegler et al. (2014) exclusively BF vit D3 400 RIA kits 22 ar e B4.50 (74.87, 84.13)
Ziegler et al. (2014) exclusively BF vit D3 400 RIA kits ao 34 — 94.30 (84.25, 104.35)
Ziegler et al. (2014) exclusively BF vit D3 600 RIA kits 0 56 - 43.40 (37.90, 48.90)
Ziegler et al. (2014) exclusively BF vit D3 600 RIA kits 8 49 - 77.30 (71.25, B3.35)
Ziegler et al. (2014) exclusively BF vit D3 600 RIA kits 16 42 —— 101.60 (91.80, 111.40)
Ziegler et al. (2014) exclusively BF vit D3 600 RIA kits 22 40 —— 97.60 (89.14, 106.06)
Ziegler et al. (2014) exclusively BF vit D3 600 RIA kits ao 32 —— 101.60 (90.17, 113.03)
Ziegler et al. (2014) exclusively BF vit D3 800 RIA kits 0 Pl - 44.20 (38,14, 50.26)
Ziegler et al. (2014) exclusively BF vit D3 Boo RIA kits ] ar ol B2.70 (72.81, 92.59)
Ziegler et al. (2014) exclusively BF vit D3 Boo RIA kits 16 33 —— 100.90 (91.62, 110.18)
Ziegler et al. (2014) exclusively BF vit D3 Boo RIA kits 22 3o —— 103.00 (94.56, 111.44)
Ziegler et al. (2014) exclusively BF vit D3 Boo RIA kits aon 28 —— 115.80 (106.61, 124.99)
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Figure KQ3-1b. Results of studies reporting the effect of daily vitamin D supplementation on serum 25(OH)D (nmol/L) by study arms in children 1
to 4 years. Legend: BF = breastfeeding; wk = weeks

BF Vit D dose Follow-up, Mean 25(0H)D, nmol/L
Trial 1D and Study status Arm (1U/d) 25(0H)D assay wk n (95% CI)
ID: 2
Aglipay et al. (2017) any BF vit D3 2000 ather (specify) 0 349 - 89.61 (86.39, 92.83)
Aglipay et al. (2017) any BF vit D3 2000 other (specify) 16 349 - 121.56 (117.06, 126.05)
Aglipay et al. (2017) any BF vit D3 400 aother (specify) [} 354 -» 9210 (B9.06, 95.14)
Aglipay et al. (2017) any BF vit D3 400 other (specify) 16 354 - 91.85 (B8.36, 95.35)
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Figure KQ3-2. Summary (panel a) and individual study (panel b) ROB for studies reporting the effect of
vitamin D on serum 25(OH)D in children ages 0-12 months
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Figure KQ3-3. Random-effects meta-regression analysis to examine the association between daily
vitamin D supplementation doses and achieved 25(OH)D concentrations at the end of intervention
period in children 0 to 4 years

Children 0-36 months
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Children 3-9 years old

Seven unique studies (all RCTs) examining the effects of daily vitamin D intake on serum
25(0OH)D concentration in children three to nine years old were included.!%!-10310%-11L114 The individual
study results are shown in Figure KQ3-4. The doses of vitamin D supplementation (mostly vitamin D3)
ranged from 400 to 2,000 IU/d across the seven RCTs, and of these, five RCTs included a non-vitamin
D supplementation comparison group (placebo, no intervention, or maternal supplementation).
Intervention durations ranged from eight to 52 weeks. Sample sizes ranged widely from 24 to 199
subjects per intervention arm.

Figure KQ3-5 shows the summary and individual ROB plots for trials reporting the effect of
vitamin D intake on serum 25(OH)D concentration in children ages three to nine years. More than 75%
of trials had some or high ROB due to deviations from intended interventions, often due to issues of
non-adherence and how non-adherence was accounted for in the statistical methods. All (100%) of the
trials also had some ROB due to selection of the reported results. More than 50% of trials had some or
high ROB in the randomization process, and more than 25% had some or high ROB due to missing
outcome data. All studies (100%) had low ROB in measurement of the outcome.

Table KQ3-3 shows the ROB for one cluster-randomized trial reporting the effect of vitamin D
intake on serum 25(OH)D in children ages 3-9 years. The study had high ROB due to the randomization
process and low ROB in all other ROB domains.

Random-effects meta-regression showed that each 100 IU/d increase in vit D supplementation
was associated with an average of 2.49 (95% CI -0.24, 5.22) nmol/L increase in achieved 25(OH)D
concentration in children three to nine years old (n = 16 intervention arms; P = 0.071; adjusted R? =
19.96%). However, the residual heterogeneity is large (1> = 97.75%) (Table KQ3-4; Figure KQ3-6).

One RCT comparing the effects of three daily vitamin D3 supplementation doses (600, 1,000,
and 2,000 IU/d) on serum 25(OH)D concentrations in pre-pubertal girls aged 6.1 to 11.8 years old
cannot be included in the meta-regression.!''? The study found that the median serum 25(OH)D increased
by 37.25, 45.0, and 55.5 nmol/L (14.9, 18.0, and 22.2 ng/mL), respectively, for the three
supplementation groups, and analysis of variance revealed these changes were significantly different
(P<0.05).

Table KQ3-3. ROB for one cluster-randomized trial reporting the effect of vitamin D intake on serum
25(OH)D in children ages 3-9 years®

Bias arising

from the
timing of Bias due
identification Bias due to to
Bias arising and deviations Bias due Biasin selection
from the recruitment from to measurement of the
Author randomization of intended missing  of the reported
(year) process participants interventions data outcome result
Mandlik et High Low Low Low Low Low

al. (2020)
115

2 Assessment based on Revised Cochrane risk of bias tool for randomized trials (RoB 2.0): Additional considerations for
cluster-randomized trials.
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Figure KQ3-4. Results of studies reporting the effect of daily vitamin D supplementation on serum
25(0OH)D (nmol/L) in children 3-9 years old. Legend: BF = breastfeeding; wk = weeks

VitD

BF dose 25(0OH)D Follow-up, Mean 25(OH)D,
Study status Arm (lU/d) assay wk n nmol/L (85% CI)
ID: 1
Abrams et al. (2013) n/a placebo 0 EIA/Chemiluminescence 0 31 - 68.89 (62.48, 75.30)
Abrams et al. (2013) n/a placebo 0 EIA/Chemiluminescence 8 31 —— 74.63 (63.74, 85.53)
Abrams et al. (2013) n/a vit D3 1000 EIA/Chemiluminescence O 32 - 69.14 (62.74, 75.54)
Abrams et al. (2013) n/a vit D3 1000 EIA/Chemiluminescence 8 32 - 89.86 (80.95, 98.76)
ID:5
Alahouhala et al. (1988) n/a placebo 0 HPLC 0 27 - 45.93 (40.09, 51.76)
Alahouhala et al. (1988) n/a placebo 0 HPLC 32 27 - 58.91 (52.22, 65.59)
Alahouhala et al. (1988) n/a placebo 0 HPLC 52 27 - 43.18 (35.84, 50.52)
Alahouhala et al. (1988) n/a vit D2 400 HPLC 0 24 - 49.17 (41.58, 56.76)
Alahouhala et al. (1988) n/a vit D2 400 HPLC 32 24 il 77.88 (68.19, 87.56)
Alahouhala et al. (1988) n/a vit D2 400 HPLC 52 24 —— 71.14 (61.65, 80.62)
ID: 11
Brett et al. (2016) nr nointervention 0 EIA/Chemiluminsecense 12 24 - 55.80 (50.88, 60.72)
Brett et al. (2016) nr vit D3 400 EIA/Chemiluminsecense 12 25 - 64.10 (60.18, 68.02)
Brett et al. (2016) nr vit D3 600  EIA/Chemiluminsecense 12 25 - 63.70 (58.84, 68.56)
ID: 47
Mandlik et al. (2019)  nr placebo 0 EIA/Chemiluminsecense 0 150 L 57.70 (56.10, 59.30)
Mandlik et al. (2019)  nr placebo 0 EIA/Chemiluminsecense 24 145 L 58.30 (55.74, 60.86)
Mandlik et al. (2019) nr placebo 0 EIA/Chemiluminsecense 48 49 - 42.60 (35.46, 49.74)
Mandlik et al. (2019) nr vit D plus calcium 1000 EIA/Chemiluminsecense 0 135 u 60.20 (58.19, 62.21)
Mandlik et al. (2019)  nr vit D plus calcium 1000 EIA/Chemiluminsecense 24 124 - 83.90 (78.60, 89.20)
Mandlik et al. (2019) nr vit D plus calcium 1000 EIA/Chemiluminsecense 48 79 bl 54.40 (48.62, 60.18)
ID: 49
Marwaha et al. (2018) n/a vit D3 600  EIA/Chemiluminsecense 0 74 ] 25.28 (23.29, 27.28)
Marwaha et al. (2018) n/a vit D3 1000 EIA/Chemiluminsecense 0 67 ] 25.48 (23.27, 27.70)
Marwaha et al. (2018) n/a vit D3 2000 EIA/Chemiluminsecense 0 75 u 24.46 (22.35, 26.57)
ID: 51
Mortensen et al. (2016) nr placebo 0 LC-MS/MS 0 41 = 55.20 (51.89, 58.51)
Mortensen et al. (2016) nr placebo 0 LC-MS/MS 20 41 u 31.10 (28.80, 33.40)
Mortensen et al. (2016) nr vit D3 400 LC-MS/MS 0 38 - 56.90 (52.86, 60.94)
Mortensen et al. (2016) nr vit D3 400 LC-MS/MS 20 38 - 61.80 (58.43, 65.17)
Mortensen et al. (2016) nr vit D3 800 LC-MS/MS 0 40 - 58.10 (53.92, 62.28)
Mortensen et al. (2016) nr vit D3 800 LC-MS/MS 20 40 - 75.80 (72.24, 79.36)
ID: 69
Talaat et al. (2016) n/a vit D3 400  EIA/Chemiluminsecense 0 196 - 54.09 (50.76, 57.42)
Talaat et al. (2016) n/a vit D3 400 EIA/Chemiluminsecense 16 196 - 42.28 (39.00, 45.57)
Talaat et al. (2016) n/a vit D3 400 EIA/Chemiluminsecense 48 196 = 25.56 (22.67, 28.45)

1 1T 1 1T 1T 1T 1T T"1
0 20 40 60 80 100 120 140 160 180

95



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al. Supplement

Figure KQ3-5. Summary (panel a) and individual study (panel b) ROB for studies reporting the effect of
vitamin D on serum 25(OH)D in children ages 3-9 years
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Table KQ3-4. Random-effects meta-regression analysis to examine the association between daily
vitamin D supplementation doses and achieved 25(OH)D concentrations at the end of intervention
period in children 3-9 years old

Meta-regression Number of observation = 16*
REML estimate of between-study variance tau®= 265.9
% residual variation due to heterogeneity I? residual = 97.75%
Proportion of between-study variance explained with Knapp- Adj R-squared = 19.96%
Hartung modification
Std.
Coef. Err. t P>t [95% CI]
Vitamin D daily dose (IU) | 0.0249 | 0.0127 | 1.9600 0.0710 -0.0024 ‘ 0.0522

Adj = adjusted; IU = international units; REML = restricted maximum likelihood
2 6 RCTs with total 16 intervention arms.
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Figure KQ3-6. Random-effects meta-regression analysis to examine the association between daily
vitamin D supplementation doses and achieved 25(OH)D concentrations at the end of intervention
period in children 3 to 9 years old
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KQ3 Sub-section 2. Studies using non-daily vitamin D supplementation dosing regimens

Figure KQ3-7 shows a forest plot of 11 studies reporting the effect of non-daily vitamin D
supplementation dosing regimens on serum 25(OH)D,36:42:83.87.90.93.96.99.108.112.114 The characteristics of
these studies are reported in Table KQ3-1. Among the studies that administered a single dose of vitamin
D3 supplement, the doses ranged from 50,000 to 600,000 IU. Other intervention regimens included
intermittent dosing regimens, including weekly, monthly, or bimonthly dosing for variable durations.
Many studies included placebo groups, other control groups (no intervention and without placebo), or
daily dosing supplementation groups as comparisons. Studies reported serum 25(OH)D assessments at
single or multiple time points ranging from one to 48 weeks follow-up. Information on the season or
month during which serum 25(OH)D was assessed was not reported in five studies. Two studies
reported that serum 25(OH)D was assessed in all seasons,**** while two studies provided a specific
timing for baseline serum 25(OH)D assessment and the intervention.?*!14
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Figure KQ3-7. Forest plot of studies reporting the effect of non-daily vitamin D supplementation dosing regimens on serum 25(OH)D (nmol/L) by
study arms

BF Follow-up, Mean 25(0H)D. nmal/L
Trial ID and Study status Other intervention info. 25(0OH)D assay wk n (95% CI)
1D: 22
Gordon et al. (2008) NR VD2: 2000 UM EIA/Chemiluminsecense v 12 - 39.31 (33.69, 44.93)
Gordon et al. (2008) NR VD2: 50,000 IU once weekly EIA/Chemiluminsecense o 14 - 38.06 (33.08, 43.05)
Gordon et al. (2008) NR VD3: 2000 UM EIA/Chemiluminsecense v 14 - 38.06 (33.08, 43.05)
1D: 35
Holstgemeiner et al. (1978) Any BF VD3: 1200 UM nr 0 10 L] 30.70 (26.70, 34.70)
Holstgemeiner et al. (1978) Any BF VD3: 1200 IUd nr 1 10 —— 66.89 (46.82, 86.97)
Holstgemeiner et al. (1978) Any BF VD3: 1200 UM nr 5 8 —— 153.19 (107.80, 198.59)
Holstgemeiner et al. (1978) Any BF VD3: 200,000 IU single dose  nr o 11 31.99 (16.15, 47.84)
Holstgemeiner et al. (1978) Any BF VD3: 200,000 IU single dose  nr 1 1 —.9 317.67 (202.02, 433.32)
Holstgemeiner et al. (1978) Any BF VD3: 200,000 1U single dose  nr 5 9 L > 245.99 (136.92, 355.07)
1D: 36
Huynh et al. (2017) Any BF VD3: 400 IU/d ElA/Chemiluminsecense 1.5 3 = 48.37 (42.95, 53.79)
Huynh et al. (2017) Any BF VD3: 400 1U/id EIA/Chemiluminsecense 14 23 L 81.29 (73.53, 89.05)
Huynh et al. (2017) Any BF VD3: 50,000 IU single dose  EIA/Chemiluminsecense 1.5 kal —a— 154.41 (132.76, 176.06)
Huynh et al. (2017) Any BF VD3: 50,000 IU single dose  EIA/Chemiluminsecense 14 26 L 61.90 (55.87, 67.93)
1D: 38
Ohlund et al. {dark skinned children) (2017} NA Fortified foed: 1000 U/ VD3 LC-MS/MS "] 40 = 48.00 (42.42, 53.58)
Ohlund et al. {dark skinned children) (2017) NA Fortified food: 1000 1U/d VD3 LC-MS/MS 12 38 - 77.00 (71.59, 82.41)
Ohlund et al. {dark skinned children) (2017} NA Fortified foed: 400 IU/d VD3 LC-MS/MS "] 38 - 51.00 (45.59, 56.41)
Ohlund et al. {dark skinned children) (2017) NA Fortified food: 400 IU/d VD3 LC-MS/MS 12 33 - 67.00 (61.48, 72.54)
Ohlund et al. {dark skinned children) (2017} NA Fortified foed: 80 U/ VD3 LC-MS/MS "] 17 - 39.00 (31.39, 46.61)
Ohlund et al. {dark skinned children) (2017) NA Fortified food: 80 1U/d VD3 LC-MS/MS 12 16 - 39.00 (31.92, 46.08)
Ohlund et al. {fair-skinned children) (2011)  NA Fortified foed: 1000 U/ VD3 LC-MS/MS "] 45 - 66.00 (60.45, 71.55)
Ohlund et al. {fair-skinned children) (2011) NA Fortified food: 1000 1U/d VD3 LC-MS/MS 12 45 = B86.00 (81.03, 90.97)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 400 IU/d VD3 LC-MS/MS "] 40 - 61.00 (56.04, 65.96)
Ohlund et al. {fair-skinned children) (2011) NA Fortified food: 400 IU/d VD3 LC-MS/MS 12 35 ] 72.00 (67.43, 76.57)
Ohlund et al. {fair-skinned children) (2011)  NA Fortified foed: 80 U/ VD3 LC-MS/MS "] 22 = 58.00 (50.90, 65.10)
Ohlund et al. {fair-skinned children) (2011) NA Fortified foed: 80 U/ VD3 LC-MS/MS 1z 19 - 58.00 (51.53, 64.47)
1D: 39
Kumar et al. (2011) Any BF Placebo RIA kits 24 237 | 36.00 (32.75, 39.25)
Kumar et al. (2011) Any BF VD3: 1400 IU once weekly RIA kits 24 216 ] 55.00 (52.00, 58.00)
1D: 44
Loeb et al. (2019) NA Placebo ElA/Chemiluminsecense "] 542 | | 65.21 (63.79, 66.63)
Loeb et al. (2019) NA VD: 14,000 IU once weekly  EIA/Chemiluminsecense o 553 n 65.73 (64.34, 67.12)
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Figure KQ3-7 (continued). Forest plot of studies reporting the effect of non-daily vitamin D supplementation dosing regimens on serum 25(OH)D
(nmol/L) by study arms

Trial 1D and Study

ID: 50

Maadlay et al. (2015)
Maadlay et al. (2015)
Maadlay et al. (2015)
Moadlay et al. (2015)
Maadlay et al. (2015)
Maadlay et al. (2015)
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Shakiba et al. (2010)
Shakiba et al. (2010)
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Talaat et al. (2016)
Talaat et al. (2016)
Talaat et al. (2016)
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Talaat et al. (2016)
Talaat et al. (2018)
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57.58 (53.63, 61.54)

92,00 (70.75, 113.25)
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17.60 (11.73, 23.48)

100



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al. Supplement

Figure KQ3-8 shows the summary and individual study ROB plots for trials in this section.
More than 75% of trials had high ROB due to deviations from intended interventions. Further, 100% of
trials had some ROB in selection of the reported outcomes, usually from failing to provide pre-specified
analysis plans, and nearly 50% of studies had some or high ROB from the randomization process. Over
50% of studies had some or high ROB due to missing outcome data. Notably, 100% of studies had low
ROB in measurement of the outcome.

As seen in Figure KQ3-7, single doses of 200,000 IU of vitamin D3 increased serum 25(OH)D to
above 317 nmol/L at one week and 246 nmol/L at 5 weeks in one study,®” and 150 nmol/L at two weeks
in another study.”® A single dose of 100,000 IU of vitamin D3 resulted in serum 25(OH)D levels of 92 at
two weeks.”® Two studies used a single dose of 50,000 IU of vitamin D3, with serum 25(OH)D
measuring 154 and 62 nmol/L at 1.5 and 14 weeks in one study,*® and measuring 85 and 91 nmol/L at
eight and 14 weeks in the other study.”® One single-dose study compared 300,000 IU to 600,000 IU and
found that serum 25(OH)D levels were 16.1 and 17.6 nmol/L, respectively, after 12 weeks.”” Other dose
regimens, including weekly or monthly doses of vitamin D, resulted in increased 25(OH)D. In one
study, baseline was assessed in July in the northern hemisphere, and the comparison group of 400 IU/d
of vitamin D3 resulted in decreased serum 25(OH)D at follow-up assessments, while intermittent dosing
regimens resulted in variable changes in serum 25(OH)D at follow-up assessments.!'* Another RCT
compared the effect of 14,000 IU/wk of vitamin D3 to placebo among children (mean age = 8.5 years)
and found that the mean 25(OH)D increased to 91.8 nmol/L in the vitamin D3 supplementation group
but did not change in the placebo group (mean = 64.5 nmol/L) after eight months.!%

One RCT reported the mean change (%) in serum 25(OH)D in infants with hypovitaminosis D
after six weeks of treatment with either 2,000 IU of vitamin D2 daily, 50,000 IU of vitamin D2 weekly,
or 2,000 IU of vitamin D3 daily. They found the daily D2, weekly D2, and daily D3 groups, which had
baseline serum 25(OH)D means (SD) of 39 (10), 38 (10), and 38 (10) nmol/L, respectively, had mean
(95% CI) percent increases in serum 25(OH)D of 149% (84%, 214%), 169% (111%, 226%), and 159%
(100%, 219%), respectively.®
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Figure KQ3-8. Summary ROB plot (panel a) and individual study ROB (panel b) for trials examining
the effect of non-daily vitamin D supplementation dosing regimens on serum 25(OH)D
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KQ3 Sub-section 3. Studies comparing supplementation for post-partum mothers to supplementation
for infants

Table KQ3-5 shows the characteristics of studies comparing supplementation for post-partum
mothers to supplementation for infants, including maternal exposure information. Figure KQ3-9 shows
a forest plot of four studies reporting the effect of post-partum maternal vitamin D supplementation on
the serum 25(OH)D of their human milk fed infants.*!*>51:78 Maternal supplementation included
interventions of 400, 1,000, 2,000, and 6,400 IU/d of vitamin D, as well as an intermittent large dose of
120,000 IU vitamin Ds. Studies included placebo groups and direct infant supplementation groups (with
or without maternal supplementation) as comparisons. Studies reported serum 25(OH)D assessments at
eight, 15, 14, 16, and 28 weeks of interventions. Information on the season or month during which
serum 25(OH)D was assessed was not reported in one study,’! one study reported follow-up assessment
was completed in January,”® while the last reported baseline assessment in September and follow-up in
June.®

Figure KQ3-10 shows the summary and individual study ROB plots for trials in this section. All
trials had some ROB in selection of the reported outcomes, and this was usually from failing to provide
pre-specified analysis plans. About 75% of trials had some or high ROB in two ROB domains: bias due
to deviations from intended interventions and bias due to missing outcome data. Further, 50% of trials
had some ROB due to the randomization process, and 25% of trials had some ROB due to measurement
of the outcome.

In one RCT, the serum 25(OH)D of human milk fed infants at eight weeks follow-up had
decreased in the maternal 1,000 IU/d supplementation group, while serum 25(OH)D increased in both
the direct infant supplementation of 400 IU/d and 1,000 IU/d of vitamin Ds groups.’! Baseline serum
25(0OH)D was not provided in the other trials; however, one study showed maternal supplementation of
120,000 IU vitamin D3 following delivery and once per month for 3 months (infant placebo), as well as
infant supplementation of 400 IU/d vitamin D3 (maternal placebo), both resulted in higher infant serum
25(OH)D at 14 weeks compared to double placebo (maternal and infant).*’ In the other trial, maternal
supplementation of 1,000 IU/d, but not 2,000 1U/d, resulted in infant serum 25(OH)D significantly lower
than that of infants receiving direct 400 IU vitamin D2 daily at eight weeks.”® This difference was also
significant at 15 weeks, but differences between the other groups were not significant. Lastly, in one
trial of supplementation with 6,400 1U/d to breastfeeding mothers (infant placebo) compared to infant
supplementation of 300 IU/d with maternal supplementation of 400 IU/d found no significant difference
in serum 25(OH)D levels at 16 or 28 weeks.*!
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Table KQ3-5. Characteristics of studies assessing the effect of post-partum maternal vitamin D exposure on breastfed infants’ serum
25(0OH)D

Health
Author (year); Mean age status;
study design; N Enrollment Location; (SD) Male Race or nutritional  Assay Assay
randomized years latitude [range] (%) ethnicity  status method standards  Intervention  Control
Ala-houhalaetal. 1982 Tampere, Neonates NR NR 100% HPLC CDC: no; Infant 400 Maternal 1000
(1985) 3!; RCT; Finland; 61° Healthy; NR NIST:no  IU/, IU/d, infant
N=92 breastfed breastfed (not
supplemented)
Infant 1000
1U/d,
breastfed
Ala-Houhala etal. 1984 Tampere, Neonates  NR NR 100% Competitive CDC:no;  Infant 400 Maternal 2000
(1986) 8; RCT; Finland; 61° Healthy; NR  protein NIST: no 1U/d, 1U/d, infant
N=16 binding breastfed breastfed (not
assay supplemented)
Maternal 1000
1U/d, infant
breastfed (not
supplemented)
Chandy et al. 2012-2014  India; 26° Neonates ~ NR 100% 100% RIA kits CDC: yes; Infant 400 Maternal
(2016) 4; RCT; Asian Healthy; NR NIST: no 1U/d, 120,000 IU
N=230 Indian breastfed (within 7d of
delivery then at
1.5,2.5, and
3.5 months),
infant breastfed
(not
supplemented)
Double placebo
Wagner et al. NR Charleston,  Neonates 47 White: 100% NR NR Infant 300 Maternal 6400
(2006) #'; RCT; South 79% Healthy; NR U/, IU/d, infant
N=19 Carolina, breastfed plus
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Health
Author (year); Mean age status;
study design; N Enrollment Location; (SD) Race or nutritional  Assay Assay
randomized years latitude [range] ethnicity status method standards Intervention Control
United Hispanic: maternal 400  breastfed plus 0
States; 33° 11% 1U/d IU/d placebo
Black:
11%

CDC = Centers for Disease Control and Prevention; d = day; HPLC = high performance liquid chromatography; IU = international units; N =
sample size; NIST = National Institute of Standards and Technology; NR = not reported; RCT = randomized controlled trial; RIA =

radioimmunoassay; SD = standard deviation
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Figure KQ3-9. Forest plot of studies reporting the effect of post-partum maternal vitamin D supplementation on breastfed infants’ serum 25(OH)D
(nmol/L) by study arms

Fallaw-up, Maan 25({0H)D, nmalL

Trial 1D and Study BF status Other intervention infa. 25(0H)D assay wh n {85% CI)
ID: 3
Ala-houhala et al. (1985) Exclusively BF - Matemal VD: 1000 IU/d; infant breastfed, not supplemented HPLG 0 az ] 82,37 (66.80, 97.93)
Ala-houhala et al. (1885) Exclusively BF Matarmal VD: 1000 IUM; infant breastfed, not supplemented HPLC 8 az el 59.90 (44.34, 75.47)
Ala-houhala et al. (1985) Exclusively BF  WD3: 1000 IUd HFLG o 29 s 67.38 (51.04, 83.74)
Ala-houhala et al. (1985) Exclusively BF  WD3: 1000 IUMd HPLC 8 29 e — 174.72 (153,83, 195.61)
Ala-houhala et al. (1885) Exclusively BF WD3: 400 IUfd HPLC ] Eal —— 82.37 (70.95, 33.79)
Ala-houhala et al. (1885) Exclusively BF WD3: 400 IUfd HPLC ] Eal e 117.31 (97.98, 136.64)
ID: 4
Ala-Houhala et al. (1986) Exclusively BF Matermal VD: 1000 U/, infant breastfed, not supplemented ather (specily) 8 18 - 30.60 (25.86, 35.33)
Ala-Houhala et al. (1986) Exclusively BF Maternal VD: 1000 IWd; infant breastfed, not supplemanted athar (specify) 15 16 o 41.33 (33.44, 49.22)
Ala-Houhala et al. (1986) Exclusively BF Matermal VD: 2000 IUd; infant breastfed, not supplemantad athar (specify) 8 17 i 5287 (41.83, 63.92)
Ala-Houhala et al. (1986) Exclusively BF Maternal VD: 2000 IUd; infant breastfed, not supplemented ather (specily) 15 17 bl 70.58 (55.86, 85.31)
Ala-Houhala et al. (1986) Exclusively BF  WD2: 400 IU/d ather (specily) 8 18 e 59.85 (43.54, 76.16)
Ala-Houhala et al. (1986) Exclusively BF  WD2: 400 IU/d ather (specily) 15 18 e—— 82,66 (57.94, 107.39)
ID: 14
Chandy et al. (2016) Exclusively BF  Maternal VD3: 120,000 IU after delivery and 1.5 manths, then monthly after that; infant breastfed, nol supplemented RIA kils 14 &1 il 60.90 (52.69, 69.11)
Chandy et al. (20186) Exclusively BF  Placebo RIA kits 14 54 =il 42.30 (34.67, 49.93)
Chandy et al. (2018) Exclusively BF  WD3: 400 IU/d RIA kits 14 47 - 59.30 (51.87, 66.73)
ID: 84
Wagner et al. (2006) any BF Matarnal VD: 6400 1U/Md; infant breastfed, not supplemented HPLC 16 e fl— 36.00 (20.32, 51.68)
Wagner et al. (2006) any BF Maternal VD: 8400 IUM; infant breastfed, nol supplementad HPLC 28 ] 48.00 (26.40, B5.80)
Wagner et al. (2006) any BF VD3 300 IU/d; Maternal VID: 400 1Ud HPLC 16 e 33.00 (21.24, 44.76)
Wagner et al. (2006) any BF WD3: 300 IU/d; Maternal VD: 400 1Ud HFLG 28 b 43.00 (29.28, 56.72)
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Figure KQ3-10. Summary ROB plot (panel a) and individual study ROB (panel b) for trials examining
the effect post-partum maternal vitamin D supplementation on breastfed infants’ serum 25(OH)D
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KQ3 Sub-section 4. Studies using food interventions with different levels of vitamin D or comparing
food interventions with vitamin D supplements

Figure KQ3-11 shows a forest plot of three trials reporting the effect of vitamin D in fortified
and non-fortified food on serum 25(0OH)D.*!194112 Interventions included food fortified with vitamin D
ranging from 80 IU/d to 1,000 1U/d, with non-fortified food, daily vitamin D supplementation, placebo,
and other control groups as comparisons. Studies reported serum 25(OH)D assessments ranging from six
to 22 weeks of intervention. Information on the season or month during which serum 25(OH)D was
assessed was not reported in two studies,*!% but one trial reported baseline assessment in early winter
with follow-up assessment in late winter stratified by child skin tone.!!?

Figure KQ3-12 shows the summary and individual study ROB plots for trials in this section. All
three trials had some ROB in selection of the reported outcomes, usually from failing to provide pre-
specified analysis plans, and all had some or high ROB due to deviations from intended interventions.
One trial had high ROB due to missing outcome data and some ROB due to the randomization process.
Notably, 100% of studies had low ROB in measurement of the outcome.

Results in one study showed that serum 25(OH)D decreased in groups receiving both fortified
(with mean vitamin D dose of 466-486 1U/d) and non-fortified food, although none of the changes were
significant.'® In a second study, participants receiving 400 IU of vitamin D3 supplementation daily had
significantly increased serum 25(OH)D at 14 and 22 weeks; however, the placebo and fortified formula
(400 TU/L) groups saw no significant increase in serum 25(OH)D.** The last trial reported significant
increases in 25(OH)D after 12 weeks of food fortified with 1,000 IU/d and 400 IU/d in both fair- and
dark-skinned children but no significant increase in the groups receiving 80 IU/d in food.!'?
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Figure KQ3-11. Forest plot of studies reporting the effect of vitamin D in fortified and non-fortified foods on serum 25(OH)D (nmol/L) by study
arms

BF 25(0H)D Follow-up, Mean 25(QH)D,
Study status Other intervention info. assay wk n nmol/L (95% Cl}
ID: 12
Brett et al. (2018) NA Fortified food: 466 1U/d HPLC 0 26 - 65.30 (60.61, 69.99)
Brett et al. (2018) NA Fortified food: 466 IU/d HPLC 12 26 == 64.70 (60.01, 69.39)
Brett et al. (2018) NA Fortified food: 486 1U/d HPLC 24 26 = 58.40 (55.06, 61.74)
Brett et al. (2018) NA Non-fortitied food: 239 1U/d HPLC 0 25 b 67.50 (61.58, 73.42)
Brett et al. (2018) NA Non-fortified food: 239 1U/d HPLC 12 23 =l 58.30 (52.05, 64.55)
Brett et al. (2018) NA Non-fortitied food: 241 1U/d HPLC 24 23 == 56.60 (50.92, 62.28)
ID: 13
Chan et al. (1982) Any BF Without intervention other (specify) 0 20 49.92 (35.24, 64.60)

Chan et al. (1982) Any BF Without intervention other (specify) 14 23 42.43 (27.76, 57.11)
47 .42 (37.64, 57.21)

Chan et al. (1982) Any BF VD3: 400 IU/d other (specify) 0 29 == 34.94 (30.05, 39.84)

———
Chan et al. (1982) Any BF Without intervention other (specify) 6 22 i 4243 (32.65, 52.22)
i —
——

Chan et al. (1982) Any BF Without intervention other (specify) 22 19

Chan et al. (1982) Any BF VD3: 400 U/d other (specify) 6 23 — 47 42 (37.64, 57.21)
Chan et al. (1982) Any BF VD3: 400 U/d other (specify) 14 24 e ] 54.91 (40.24, 69.59)
Chan et al. (1982) Any BF VD3: 400 UM other (specify) 22 20 —— 57.41 (42.73, 72.08)
Chan et al. (1982) Exclusively Formula  Fortified food: dose NR (400 IU/L) other (specify) 0 40 —— 49.92 (40.14, 59.70)
Chan et al. (1982) Exclusively Formula Fortified food: dose NR (400 1U/L) other (specify) 6 39 e — 67.39 (47.82, 86.96)
Chan et al. (1982) Exclusively Formula Fortified food: dose NR (400 1U/L) other (specify) 14 49 —— 62.40 (52.62, 72.18)
Chan et al. (1982) Exclusively Formula Fortified food: dose NR (400 1U/L) other (specify) 22 30 el 4493 (35.14, 54.71)
ID: 38

Ohlund et al. (dark skinned children) (2017) NA Fortified food: 1000 1U/d VD3 LC-MS/MS 0 40 == 48.00 (42.42, 53.58)
Ohlund et al. (dark skinned children) (2017) NA Fortified food: 1000 1U/d VD3 LC-MS/MS 12 38 == 77.00 (71.59, 82.41)
Ohlund et al. (dark skinned children) (2017) NA Fortified food: 400 1U/d VD3 LC-MS/MS 0 38 = 51.00 (45.59, 56.41)
Ohlund et al. (dark skinned children) (2017) NA Fortified food: 400 1U/d VD3 LC-MS/MS 12 33 - 67.00 (61.46, 72.54)
Ohlund et al. (dark skinned children) (2017) NA Fortified food: 80 IU/d VD3 LC-MS/MS 0 17 il 39.00 (31.39, 46.61)
Ohlund et al. (dark skinned children) (2017) NA Fortified food: 80 IU/d VD3 LC-MS/MS 12 16 =il 39.00 (31.92, 46.08)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 1000 1U/d VD3 LC-MS/MS 0 45 == 66.00 (60.45, 71.55)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 1000 IU/d VD3 LC-MS/MS 12 45 - 86.00 (81.03, 90.97)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 400 IU/d VD3 LC-MS/MS 0 40 == 61.00 (56.04, 65.96)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 400 1U/d VD3 LC-MS/MS 12 35 == 72.00 (67.43, 76.57)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 80 IU/d VD3 LC-MS/MS 0 22 =il 58.00 (50.90, 65.10)
Ohlund et al. (fair-skinned children) (2011) NA Fortified food: 80 IU/d VD3 LC-MS/MS 12 19 =l 58.00 (51.53, 64.47)

I | I I | | | I | |
0 20 40 60 80 100 120 140 160 180
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Figure KQ3-12. Summary ROB plot (panel a) and individual study ROB (panel b) for trials examining
the effect of vitamin D in fortified and non-fortified foods on serum 25(OH)D
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KQ3 Sub-section 5. Studies examining the effects of combined vitamin D and calcium
supplementation

Figure KQ3-13 shows a forest plot of three studies reporting the effect of combined vitamin D
and calcium on serum 25(OH)D. One study randomized 101 participants to 200 IU/d of vitamin D3 plus
700 mg/d of calcium supplementation or 700 mg/d of calcium supplementation without vitamin D
supplementation. After 12 weeks, mean serum 25(OH)D levels in the vitamin D plus calcium group
increased significantly more than that in the calcium only (+12.7 nmol/L [5.09 ng/mL]; 95% CI 1.3,
24.1).1% The second study randomized 60 participants to 405 mg or 156 mg of calcium five times
weekly. Each group also received 30,000 IU of vitamin D3 once monthly. After 48 weeks, there was no
significant difference in serum 25(OH)D concentration between the two groups.®! The last study
randomized 30 infants to either 30,000 IU once weekly or 4,000 IU/d of vitamin D3.%® Each group also
received 50 mg/d of calcium for every kg of body weight. After 48 weeks, serum 25(OH)D had
increased significantly; however, there was no significant difference between groups. Information on
season or month of serum 25(OH)D assessment was not reported for any study.

Figure KQ3-14 shows the summary and individual study ROB plots for these three RCTs. All
three studies had some or high ROB in three ROB domains. All three trials had low ROB due to
measurement of the outcome, but an overall high risk of bias rating.
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Figure KQ3-13. Forest plot of studies reporting the effect of the effect of combined vitamin D and calcium on serum 25(OH)D (nmol/L) by study

arms

BF Follow-up, Mean 25(0OH)D, nmaol/L
Trial ID and Study status Other intervention info. 25(0H)D assay wh n (95% CI)
ID: 10
Ekbote et al. (2011) NR 30,000 IU VD3 once monthly + 156 mg Ca 5 times per week RIA kits ] 30  —f— 18.90 (9.24, 28.56)
Ekbote et al. (2011) NR 30,000 IU VD3 once monthly + 156 mg Ca 5 times per week RIA kits 48 28 58.10 (53.69, 62.51)
Ekbote et al. (2011) NR 30,000 IU VD3 once monthly + 405 mg Ca 5 times per week RIA kits 1] 30 e 25.00 (15.30, 34.70)
Ekbote et al. (2011) NR 30,000 IU VD3 once monthly + 405 mg Ca 5 times per week RIA kits 48 30 64.30 (55.75, 72.85)
ID: 16
Economos et al. (2014)  NA 200 |W/d VD3 + 700 mg/d Ca other (specify) 1] 53 ——— 64.20 (39.22, 89.18)
Economos et al. (2014) MNA 200 |W/d VD3 + 700 mg/d Ca other (specify) 12 34 —a— 92.80 (80.70, 104.90)
Economos et al. (2014) NA 700 mg/d Ca ather (specify) o 48 64.30 (58.39, 70.21)
Economos et al. (2014) NA 700 mg/d Ca other (specify) 12 25 e ] B0.80 (68.84, 92.76)
ID: 83
Rao et al. (2016) NR 30,000 IU once weekly + 50 mg/kg/d Ca ElA/Chemiluminsecense 12 15 ] 29.08 (27.23, 30.93)
Rao et al. (2016) NR 30,000 IU once weekly + 50 mg/kg/d Ca ElA/Chemiluminsecense 48 15 51.12 (50.17, 52.07)
Rao et al. (2018) NR 4000 1U/d VD3 + 50 mg/ka/d Ca ElA/Chemiluminsecense 12 15 - 28.02 (24.35, 31.69)
Rao et al. (2016) NR 4000 1U/d VD3 + 50 mg/ka/d Ca ElA/Chemiluminsecense 48 15 47.58 (44.46, 50.70)
| | | | | | | | |
0 20 40 80 100 120 140 160 180
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Figure KQ3-14. Summary ROB plot (panel a) and individual study ROB (panel b) for trials examining
the effect of combined vitamin D plus calcium on serum 25(OH)D
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I1. Vitamin D Upper Limits

ULs KQla. At what levels of vitamin D intake are adverse effects observed in children aged 0 to 4
years?

The below section includes interventional, observational, and case report studies that assess
upper limit (UL) outcomes. The UL outcomes include hypercalcemia, hypercalciuria, nephrocalcinosis,
kidney stones, and overweight and obesity.

Figure VDUL-1 displays the summary and individual outcome ROB for all interventional
studies included in this section. All studies were assessed to be of some or high ROB due to deviations
from intended interventions, such as high levels of non-adherence to the intervention. Many of the
included studies were also prone to bias due to missing outcome data with no evidence to suggest results
were not biased due to this missingness. Other potential sources of bias are attributed to poorly
described or inappropriate randomization processes or a lack of evidence that analysis and statistical
plans were pre-specified before unblinded outcome data were available. Almost all studies were
assessed to have low risk of bias for the measurement of outcomes.

No ROB appraisals were performed for observational studies and case reports. Of note, there are
currently no validated ROB assessment tools for cross-sectional studies and case reports.

Interventional Studies
Daily or less frequent vitamin D supplementation

Table VDUL-1 shows the characteristics and results of 11 interventional studies included in our
review that investigate the effect of a daily dose or less frequent vitamin D supplementation on upper
limit outcomes. All studies were conducted in children 0-12 months.

All studies used an RCT design 2#31:35:36.38.39.42:44.52.92,116 Mgt studies were conducted in North
America, Europe, and Asia, with one study conducted in Australia. Most studies included infants with
any breastfeeding status (mixed feeding) or did not specify feeding status. The health and nutritional
status of subjects was characterized as healthy term infants in most studies, but three studies were in
preterm or low birthweight infants.?*3%#2 Vitamin D deficiency was usually defined as a serum
25(0OH)D level <20 ng/mL (50 nmol/L). Ten studies administered daily vitamin D3 supplementation
ranging from 200 IU/d to 2,000 IU/d, and one study administered 1,400 IU vitamin D3 supplementation
once weekly, versus placebo.*?

Hypercalcemia was a reported outcome in seven RCTs. Five of these (with administered vitamin
D doses ranging from 400 to 1,600 IU/d) reported no hypercalcemia during the study periods.?!-33-3%-2.116
In a study with vitamin D interventions of four different doses, the 800, 1,200, and 1,600 IU/d groups
each had two participants with suspected hypercalcemia compared to none with suspected
hypercalcemia in the 400 IU/d group (no statistical comparisons were reported).**In another study
among preterm infants, the incidence of hypercalcemia (calcium > 10.7 mg/dL) by age 6 months was
lower in the group supplemented with 400 IU/d vitamin D compared to the placebo group, but this
difference was not statistically significant (Risk Difference % = - 5.4; 95% CI -13.0, 1.9).%

Hypercalciuria was a reported outcome in five RCTs*-383%4452 and was assessed by spot urine in
all five. The incidence of hypercalciuria showed no patterns but was variable across studies and across
intervention arms comparing different doses of vitamin D supplementation.

Mortality was a reported outcome in one large RCT (n = 2,079). The study participants were
infants with low birthweight and severe vitamin D deficiency at baseline. The results showed that, at six
months, 1.92% and 1.83% of infants died from all causes in the 1,400 IU of vitamin D once weekly and
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placebo arms, respectively, but the rate per child year in these two groups was not statistically different
(Adjusted Rate Ratio = 1.97; 95% CI 0.74, 5.28; P = 0.18).%

Nephrocalcinosis was a reported outcome in one RCT.* No participants were reported to have
nephrocalcinosis in either the 400 [U/d of vitamin D supplementation or control group (no
intervention).**

Single, large-dose vitamin D supplementation

Tables VDUL-2a and VDUL-2b show the characteristics and results of studies in our review
that investigated the effect of a single, large dose of vitamin D supplementation on upper limit
outcomes. This included six interventional studies from five publications (one publication reported two
studies®®) conducted in children 0-12 months (n = 3 studies) and 1-9 years (n = 3 studies).

Children 0-12 months. The studies conducted in children 0-12 months consisted of two single-
arm interventions and one RCT reported in two publications (Table VDUL-2a).”*!"” The studies were
conducted in healthy children in Germany and Algeria. Two studies were conducted in children with
vitamin D deficiency. Administered vitamin D doses ranged from single doses of 100,000 to 600,000 IU
of vitamin D3, with follow-up ranging from 2 weeks to 20 months.

Hypercalcemia was a reported outcome in two studies. One study reported no hypercalcemia
during the study periods.’®. The other study (a single-arm interventional trial), with intervention of
600,000 IU of vitamin D once every 3-5 months, reported that none of the infants were hypercalcemic
before the first dose, but 14 of the treated infants (34%) later had calcium values above the high normal
limit.'”

Hypercalciuria was an outcome reported in one study and was assessed by spot urine. The study
reported no hypercalciuria at either follow-up (2 weeks and 6 months) after a single, large dose of
vitamin D (600,000 IU) was administered.”

Children 1-9 years. The studies conducted in children 1-9 years old consisted of two RCTs®>%
and one single-arm intervention''® (Table VDUL-2b). The studies were conducted in India and
Argentina with mean age ranging from 1.2 to 8.6 years. Health status of enrolled participants ranged
from healthy to evidence of vitamin D deficiency with or without clinical evidence of rickets.
Administered vitamin D doses ranged from single doses of 150,000 IU of vitamin D2 to 600,000 IU of
vitamin D3, with follow-up ranging from 3-5 days to five months.

Hypercalcemia was reported in all three studies, but one study reported this outcome as
hypercalcemia and/or hypercalciuria.®® One study reported no hypercalcemia during the six-week follow
up period for children given a single 150,000 IU dose of vitamin D2.!'® Another study reported one case
of hypercalcemia in each group (300,000 IU or 600,000 IU vitamin D3) at four weeks, and one
additional child with hypercalcemia at 12 weeks in the 600,000 IU vitamin D3 group (statistical
comparisons not reported).” The study reporting hypercalcemia and/or hypercalciuria found a slightly
higher incidence in the group receiving 600,000 IU compared to the group with 300,000 IU of vitamin
D3, but the difference was not statistically significant at either 7-10 days or 25-30 days post therapy (for
both follow-up periods, RR = 1.73; 95% CI 0.46, 6.54; P = 0.47).%

Hypercalciuria was a reported outcome in two studies and was assessed by spot urine in both.
One study reported no hypercalciuria at six weeks and five months after a single, large dose of vitamin
D2 (150,000 1U) was administered.''® The other study reported incidences of 7.1% and 18.5% 3-5 days
after participants received a single dose of 300,000 or 600,000 IU of vitamin D3, respectively, but this
difference was not statistically significant (RR = 2.59; 95% CI 0.55, 12.24; P = 0.25).%°
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Figure VDUL-1. Summary ROB (panel a) and individual outcome ROB (panel b) for interventional

studies reporting vitamin D upper limit outcomes
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Table VDUL-1. Characteristics and key findings of interventional studies reporting the effects of a daily dose of vitamin D intake on upper limit

outcomes in children 0-12 months.?

Study Breast
design; Enroll Mean Mal feedin Race or Health status; Interven
Author N ment Location; age(SD) e g ethnicit nutrition tion Upper limit outcome incidence by
(year) randomized  years latitude [range] (%) status y status duration intervention group
Gallo et al. RCT; N=132 2007- Montréal, Neonates 57.6  Any 84% 100% Healthy; 11 Hypercalcemia:
(2013)b 2010 Québec, BF white, NR months VD3 400 1U/d: 0.0%;
38 Canada; 46° 16% VD3 800 [U/d: 6.25%;
non- VD3 1200 IU/d: 7.41%;
white VD3 1600 IU/d: 15.5%
Hypercalciuria [spot urine]:
VD3 400 1U/d: 0.0%;
VD3 800 1U/d: 3.13%;
VD3 1200 1U/d: 3.70%;
VD3 1600 1U/d: 7.69%
Hibbsetal. RCT;N=300 2013- Cleveland, Neonates 55 Any 100% 100% preterm 6 months  Hypercalcemia:
(2018) 2016 USA; BF Black or (mean VD3 400 1U/d: 6.72%;
24 Charleston, African  GA=33); NR Placebo: 12.12%
USA,; Bronx, Americ
NY, USA; an
~38°
Holmlund- RCT; N=113 2010-  Helsinki, Neonates 504 Any NR 100% Healthy; 10 weeks Hypercalciuria [spot urine]:
Suila et al. 2011 Finland; 60° BF NR VD3 400 1U/d vs. 1200 1U/d vs. 1600 1U/d:
(2012) "Hypercalciuria occurred in 39% of all
35 subjects, but U-Ca/Cr level was the same
between intervention groups (ANOVA,
p=0.623)." Gender was used a covariate for
this assessment.
Symptoms of hypercalcemia:
VD3 400 1U/d: 0%;
VD3 1200 1U/d: 0%;
VD3 1600 TU/d: 0%
Huynhetal. RCT;N=70  2013-  St. Albans, Neonates NR  Any NR 100% Healthy; 3.5 Hypercalcemia:
(2017) 2014 Australia; -38° BF VD deficiency months VD3 400 1U/d: 26.9%;
36

VD3 50,000 IU single dose: 6.9%

117



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al. Supplement
Study Breast
design; Enroll Mean Mal feedin Race or Health status; Interven
Author N ment Location; age(SD) e g ethnicit nutrition tion Upper limit outcome incidence by
(year) randomized  years latitude [range] (%) status y status duration intervention group
Kumar etal. RCT;N= 2007-  New Delhi, Neonates 46.7 Any Presum  100% with low 6 months  All-cause incidence of death:
(2011) 2079 2010 India; 29° BF ed birthweight VD3 1400 IU once weekly: 1.92%;
2 100% (range 1.8-2.5 Placebo: 1.83%
Asian kg); 100%
Indian with severe
VD deficiency
Natarajanet RCT;N=96  2011-  North India; Neonates 56.3  Any Presum  100% preterm 12 weeks  Hypercalcemia:
al. (2014) 2012 ~29° BF ed infants (mean VD3 400 1U/d: 0%;
39 100% GA =32.5); VD3 800 1U/d: 0%
Asian 81% with VD
Indian deficiency Hypercalciuria [spot urine]:
VD3 400 1U: 0%;
VD3 800 IU: 0%
Shajarietal. RCT; N=90 NR Yazd, Iran; Neonates NR  Exclus Presum  100% Healthy, 10 weeks Hypercalciuria [spot urine]:
(2009) 32° ively ed Presumed VD3 200 [U/d: 83.3%;
92 BF 100% normal VD3 400 1U/d: 76.7%;
Iranian VD3 50,000 IU at baseline and 6 weeks:
93.3%
Siafarikaset RCT; N=40 NR Berlin, Neonates NR  Any NR 100% Healthy; 6 weeks Hypercalcemia:
al. (2011) Germany; BF NR VD3 250 1U/d: 0%;
52 52.5° VD3 500 1U/d: 0%
Singh et al. RCT; N=100 2013-  New Delhi, Neonates 55 Exclus Presum  100% Healthy; 6 months Hypercalciuria [spot urine]:
(2018) 2014 India; 29° ively ed ~47% with VD VD3 400 1U/d: 0%;
4 BF 100% deficiency Without intervention (no placebo was
Asian used): 0%
Indian
Nephrocalcinosis:
VD3 400 1U/d: 0%;
Without intervention (no placebo was
used): 0%
Valkamaet  RCT;N=987 2013 Helsinki, Neonates 50 Any Mothers  100% Healthy; 12 Severe hypercalcemia:
al. (2017) Finland [60.2] BF >90% NR months VD3 400 1U/d: 0%
116 Caucasi VD3 1200 TU/d: 0%
an
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Study Breast
design; Enroll Mean Mal feedin Race or Health status; Interven
Author N ment Location; age(SD) e g ethnicit nutrition tion Upper limit outcome incidence by
(year) randomized  years latitude [range] (%) status y status duration intervention group
Zhou et al. RCT; N=400 2015-  Yongkang, 0.65 523  Any Presum  Generally 4 months  Hypercalcemia:
(2018) 2016 China; (0.22) BF ed healthy; VD3 400 1U/d: 0%;
3 Wenzhou, years 100% Presumed VD3 1200 1U/d: 0%
China; Jinhua, Chinese normal
China; ~29°

BF = breastfeeding; d = day; GA = gestational age; IU = international units; N = sample size; NR = not reported; RCT = randomized controlled trial; SD = standard deviation; U-

Ca/Cr = urinary calcium to creatinine ratio; VD = vitamin D; VD3 = vitamin D3
2 No studies conducted in children 1-9 years were identified were identified.
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Table VDUL-2a. Characteristics and key findings of interventional studies reporting the effects of a single large dose of vitamin D on upper limit

outcomes in children 0-12 months

Author
(year)

Study
design;

N
randomized

Enroll
ment
years

Location;
latitude

Mean Mal
age(SD) e
[range] (%)

Breast
feedin

g
status

Race or
ethnicit

y

Health status;
nutrition
status

Follow-
up

Upper limit outcome incidence by
intervention group

Markestad et
al. (1987)

117

Zeghoud et
al. (1994)
(1984-1985
study)

96

Zeghoud et
al. (1994)
(1991-1992
study)

96

Single-arm
intervention;
N=43

Single-arm
intervention;
N=30

RCT; N=30

NR

1984-
1992

1991-
1992

Jena,
Germany;
50.9°

Constantine,
Algeria;
36.4°

Constantine,
Algeria;
36.4°

~8.7 NR
(~5.6) [1-

20]

months

Neonates NR

NR[0- NR
0.75

years]

Any
BF

NR

NR

NR

NR

NR

100% Healthy;
NR

100% Healthy;
100% with VD
deficiency

100% Healthy;
100% with VD
deficiency

20
months

2 weeks

6 months

9 months

Hypercalcemia:

600,000 IU once every 3-5 months: "None
of the infants were hypercalcemic before
the first dose but 14 of the treated infants
(34%) later had one or both Ca values
above the high normal limit. The infants
with high Ca levels did not differ from the
others with respect to the vitamin D
metabolites."

“All infants had normal Ca levels before
the first dose but 14 infants (34%) later had
one or both Ca values above the upper
normal limit of 2.80 mmol/L (2.81-3.32
mmol/L), indicating that the vitamin D
doses were excessive despite the lack of
accumulative increases in serum vitamin D
concentrations.”

Hypercalciuria [spot urine]:
VD3 600,000 IU single dose: 0%

Hypercalciuria [spot urine]:
VD3 600,000 IU single dose: 0%

Hypercalcemia:

VD3 100,000 IU single dose: 0%;
VD3 200,000 IU single dose: 0%;
VD3 600,000 IU single dose: 0%

BF = breastfeeding; IU = international units; N = sample size; NR = not reported; RCT = randomized controlled trial; SD = standard deviation; VD = vitamin D; VD3 = vitamin Ds
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Table VDUL-2b. Characteristics and key findings of interventional studies reporting the effects of a single large dose of vitamin D on upper limit
outcomes in children 1-9 years

Study Breast
design; Enroll Mean Mal feedin Race or Health status;

Author N ment Location; age(SD) e g ethnicit nutrition Follow- Upper limit outcome incidence by

(year) randomized  years latitude [range] (%) status y status up intervention group

Harnotetal. RCT;N=60  2012-  Chandigarh, 1.2(0.79) 683 NR Presum  100% with 30 days Hypercalcemia and hypercalciuria [spot

(2017) 2013 India; 31° years ed evidence of urine] at 7-10" day post therapy:

85 100% VD VD3 300,000 IU single dose: 10.71%;

Asian deficiency; VD3 600,000 IU single dose: 18.52%
Indian VD deficiency
Hypercalcemia and hypercalciuria [spot
urine] at 25-30" day post therapy:
VD3 300,000 IU single dose: 10.71%;
VD3 600,000 IU single dose: 18.52%
Hypercalciuria [spot urine] at 3-5% day post
therapy:
VD3 300,000 IU single dose: 7.14%;
VD3 600,000 IU single dose: 18.52%

Mittal et al. RCT; N=76 2010- Delhi, India; ~17.5 55 NR Presum  100% with 12 weeks  Hypercalcemia:

(2014) 2012 ~29° (13.2- ed clinical VD3 300,000 IU single dose: 2.6%
14.4) 100% evidence of VD3 600,000 IU single dose: 5.3%
months Asian rickets

Indian

Oliveri etal.  Single-arm NR Ushuaia, 8.6(1.4) 582 NR NR 100% Healthy; 6 weeks  Hypercalcemia:

(1996) intervention; Argentina; - years NR VD2 150,000 IU single dose: 0%

18 N="79 55¢

5 months  Hypercalcemia:

VD2 150,000 IU single dose: 0%
6 weeks  Hypercalciuria [spot urine]:

VD2 150,000 IU single dose: 0%
5 months  Hypercalciuria [spot urine]:

VD2 150,000 IU single dose: 0%

BF = breastfeeding; d = day; IU = international units; N = sample size; NR = not reported; RCT = randomized controlled trial; SD = standard deviation; VD = vitamin D; VD2 =

vitamin D;; VD3 = vitamin D3
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Observational Studies

Table VDUL-3 shows the characteristics and results for three cross-sectional studies, one case-
cohort study, and one cohort study included in our review. The studies investigated the association
between vitamin D intake and upper limit outcomes,'"” serum 25(OH)D,””120:121 or both.!??> Sample sizes
ranged from six to 1,718. Most studies were conducted in the northern hemisphere in healthy or
generally healthy children or in children who were presumed healthy before nutrient intoxication. Three
studies were conducted in infants,””!!%!22 and two were conducted in seven- and nine-year-old
children.'2%:12!

Hypercalcemia was a reported outcome in two studies. Both studies included children with acute
or subacute vitamin D intoxication and found a high proportion with hypercalcemia. One study
including children with a median vitamin D dose of 600,000 IU and serum 25(OH)D level of 322 ng/mL
(805 nmol/L) found almost 60% had severe hypercalcemia, which was defined as serum calcium levels
>14 mg/dL."?? They found a significant association between serum 25(OH)D and serum calcium (rs =
0.402; P<0.001). The other study included children with a total vitamin D intake ranging from 264,000
to 1,500,000 IU who were found to have serum calcium levels ranging from 15.2 to 19.1 mg/dL.""
These children were also found to have elevated calcium to creatinine ratios ranging from 1.17-2.08
(mg/mg).

Nephrocalcinosis and kidney stone findings were reported together in one study of children
suffering from vitamin D intoxication. The study found that almost 50% of children had clinical findings
of Nephrocalcinosis and/or kidney stones.'*

Lastly, obesity or overweight was reported in three studies, two of which found an association
between lower serum 25(OH)D and overweight or obesity in children.'?!2! The other study reported an
association between higher serum 25(OH)D at birth and overweight and obesity in women, but not in
men, at age 35 years.”’

Case Reports

Table VDUL-4 summarizes 26 unique case reports of excessive vitamin D intake from 14
articles included in our review.
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Table VDUL-3. Characteristics and key findings of observational studies reporting the association between vitamin D intake and upper limit

outcomes
Mean
age
Study (SD); Breas Health
design; Enrol median tfeedi status; Foll
Author N Iment Location; age Male ng Race or nutritional ow-  Exposure or
(year) enrolled years latitude [IQR] (%) status ethnicity  status up comparisons Results ?
Demir et Cross- Turkey; 1.06 61 NR Presumed  Generally NA VD [median dose  Serum Ca mean (SD): 15 (3.2)
al. (2019) sectional, 2002- 39° [0.65- 100% healthy; = 600,000 IU]; mg/dL;
122 N=74 2014 1.60] Turkish 100% VD Median serum
years intoxication 25(0OH)D =803 Severe hypercalcemia (>14 mg/dL)
nmol/L rate: 58.1%;
Serum Ca associated with serum
25(0OH)D (rs=0.402, p<0.001);
Nephrocalcinosis and/or kidney
stone rate: 48.5%
Jensen et Case- Copenaga 7 (NR) Cases NR Maternal Generally 7 Serum 25(OH)D Overweight (>90th percentile of
al. (2017) cohort; 1981- n, years (49); ethnicity: ~ healthy; NR  year  quintiles at birth sex-specific BMI in parent cohort):
120 N=1718 1991  Denmark; Cohor 73% S (nmol/l): <12.0, 0 (serum 25(OH)D quintiles vs.
56° t(51) Danish, 12.0-19.6, 19.6- middle quintile (ref.)) ®
3% 28.0, 28.0-40.8,
Western, >40.8
24% Non-
western
Lee et al. Cross- 2006  Seoul, 9(NR) 54 NR 100% 100% NA  Serum 25(OH)D Obesity: ++ (all serum 25(OH)D
(2013) sectional; Korea; years Asian healthy; NR quartiles quartiles; 4 vs 1, OR =2.59; 4 vs. 2,
121 N= 1660 37.6° (nmol/L): <38.4, OR=1.87; 4 vs. 3, OR=1) &¢
38.4-45.9, 45.9-
54.2,>54.2 Increased waist circumference: ++
(all serum 25(OH)D quatrtiles; 4 vs
1, OR=2.96; 4 vs. 2, OR=2.32 4 vs.
3,0R=2.08) ¢
Sezer etal. Cross- 2005-  Istanbul, 8.0(2.1) NR NR NR Presumed NA  264,000- Hypercalcemia (serum Ca
(2012) sectional; 2010  Turkey; months previously 1,500,000 IU total  concentration range) = 15.2-19.1
19 N=6 41° healthy; mg/dL;
100% with
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VD Hypercalciuria (Urinary Ca/Cr ratio
intoxication range) [spot urine] = 1.17-2.08
mg/mg
Tornhamm  Cohort; 1975- Sweden Neonate 56 NR 100% Generally 35 Serum 25(OH)D Obesity in women: ++
ar et al. N=282 2010 s Swedish healthy; NR  year at birth Obesity in men: 0
(2014) s
77

Overweight in women: ++
Overweight in men: 0

Ca = Calcium; IU = international units; NA = not applicable; NR = not reported; OR = odds ratio; RCT = randomized controlled trial; ref. = reference group; rs = Spearman's rank
correlation coefficient; SD = standard deviation; VD = vitamin D

2 Results: ++ Significant difference indicating benefit of higher serum 25(OH)D levels (p < 0.05); + Marginally significant difference indicating benefit (0.05 <p <0.1); 0 No
significant difference; - Marginally significant difference indicating detriment (0.05 < p < 0.1); -- Significant difference indicating detriment (p < 0.05).

b Adjusts for maternal ethnicity, educational level, civil status, parity, season and year of birth, and offspring PI.

¢ Adjusts for age and sex.

4 Quartiles of serum 25(OH)D levels: 1 indicates lowest group with 4 indicating highest group.

¢ Quintiles of serum 25(OH)D levels: 1 indicates lowest group with 5 indicating highest group.
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Table VDUL-4. Case reports of excessive vitamin D intake in children 0 to 4 years
Age, Location VitaminD Serum Serum Urinary Ca or Nephro-
Author, year sex ; latitude exposure Clinical findings 25(OH)D calcium  Ca/Cr Ratio*  calcinosis Kidney stones
Gurkan, 2004 6 Diyarbak 300,000 IU/d for  Anorexia, nausea, vomiting, 340 ng/ml (850 16.8 UCa/Cr: 2.0 No abnormality
123 mo, ir, 10 days polydipsia, polyuria, nmol/L) mg/dL mg/mg on renal US
F Turkey; constipation, hypertension,
40° positive craniotabes
Vanstone, 2012 2 NR 1400 IU/d for2  NR 84 ng/mL (210 10.7 NR
124 mo, months nmol/L) mg/dL
F
Vanstone, 2012 2yr, NR 2000 IU/d for3 ~ NR 102 ng/mL (255 10.9 NR
124 F months nmol/L) mg/dL
Andersen, 1954 16 Oslo, 250000 IU/d for ~ Vomiting, lethargy, anorexia, NR 17.9 NR No
125 mo, Norway; 6 weeks polydipsia, polyuria mg/dL calcifications on
F 59.9° ABX
Barrueto, 2005 2yr, New 600,000 IU/d for  Vomiting, constipation, 106 ng/mL (265 14.4 NR
126 M York, 4 days abdominal pain, lethargy, nmol/L) mg/dL
USA; hypertension, anorexia
40.7°
Elargam, 2007 3 Fes, 600,000 IU/d for Vomiting, dehydration, NR 18.1 UCa: 270 Hyperechoic
127 mo, Morocco 3 weeks polyuria, polydipsia, cardiac mg/dL mg/24 hours; lesions of renal
M ; 34° arrest UCa/Cr: 1.06 pyramids on
renal US
Evliyaoglu, 11 NR 400 TU/d for 1 Polyuria, polydipsia, NR 22.0 NR
2001 mo, mo; 600,000 [U  vomiting, dehydration, mg/dL
128 F in two doses, 15 dyslipidemia
days apart
Garbim, 2017 8yr, NR 2,000 TU/d Vomiting, anorexia, >150 ng/mL 18.5 UCa: 439
129 M myalgias, polyuria, nocturia, (375 nmol/L) mg/dL mg/24 hrs
weight loss
Hoppe, 1992 3 NR 300,000 TU Failure to thrive, microscopic 108 ng/mL (270  15.6 UCa/Cr:4.8 Medullary
130 mo, twice daily hematuria nmol/L) mg/dL mol/mol nephron-
F calcinosis on
renal US
Hoppe, 1992 4 NR 300,000 IU Hematuria, abdominal pain, NR NR UCa/Cr: 1.0 No findings on Possible stones
130 mo, twice daily mol/mol renal US
F
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Age, Location Vitamin D Serum Serum Urinary Ca or Nephro-
Author, year sex ; latitude exposure Clinical findings 25(OH)D calcium Ca/Cr Ratio® calcinosis Kidney stones
Misselwitz, 8 NR 600,000 IU once  Vomiting, constipation, NR 18.4 NR
1986 mo, at2,4,and 7 fever, hypotonia, areflexia mg/dL
131 M months
Misselwitz, 7 NR 600,000 IU at2,  Vomiting, constipation, 176 ng/mL 14.0 UCa/Cr: 1.04 No findings on No
1986 mo, 4, and 6 months  polyuria, polydipsia, (>440 nmol/L) mg/dL renal US calcifications on
131 F of age anorexia, intermittent fevers, ABX
hypotonia
Misselwitz, 4 NR 600,000 IU at2  Anorexia, constipation, NR 10.4 UCa/Cr: 0.361  No findings on No
1986 mo, and 4 months lethargy mgl/dL renal US calcifications on
131 M ABX
Otto- 11 Poland 300,000 IU at5  Lethargy, irritable, anorexia, = NR 16.0 NR Contrasting
Buczkowska, wk, weeks and 10 vomiting, general malaise mg/dL deposits in the
1982 F weeks urinary tract
132 were not
detected
Otto- 5 Poland 300,000 IU Constipation, vomiting, 250 ng/mL (625 12.7 NR
Buczkowska, mo, twice followed alacrima, irritability, nmol/L) mg/dL
1982 F by daily
132 unknown dose
Ross, 1952 14 NR 10,000 IU/d for  Fever, irritability, weight NR 17.8 NR No
133 mo, 10 months loss, vomiting, polyuria, mg/dL calcifications on
F followed by facial palsy, leukocytosis ABX
30,000 IU/d for
2 months
Ross, 1952 8 NR 10,000-30,000 Anorexia, constipation, NR 18.7 NR
133 mo, 1U/d for 4 vomiting, failure to thrive mg/dL
F months
Unal, 2007 2 NR 300,000 IU once Irritability, failure to thrive, >160 ng/mL 18 UCa/Cr: 3.1 Bilateral
134 mo, weekly pallor, weight loss (400 nmol/L) mg/dL medullary
F nephrocalcinosis
on renal US
Unal, 2007 8 NR 300,000 IU Diarrhea, anorexia, 90 ng/mL (225 11.7 UCa/Cr: 0.58 Bilateral
134 mo, twice dehydration, renal nmol/L) mg/dL minimal
M parenchymal calcification calcification of
renal
parenchyma on
renal US
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Age, Location Vitamin D Serum Serum Urinary Ca or Nephro-
Author, year sex ; latitude exposure Clinical findings 25(OH)D calcium Ca/Cr Ratio® calcinosis Kidney stones
Besbas, 1989 3 Ankara, 45,000 IU/d for ~ Polyuria, vomiting, lethargy, = NR 19.5 UCa/Cr: 1.3 Bilateral No findings on
135 mo, Turkey; 45 days decreased muscle tone, mg/dL medullary intravenous
M 39.9° decreased turgor, dry nephrocalcinosis  pyelogram
mucosa, sunken eyes on renal US
Besbas, 1989 4 Ankara, 60,000 IU/d for =~ Vomiting, lethargy, failure to NR 17.6 UCa/Cr: 0.7 Densely No
135 mo, Turkey; 4 weeks thrive mg/dL echogenic calcifications on
M 39.9° pyramids on ABX
renal US
Nanulescu, 1984 3 mo NR 9,000 TU/d for Anorexia, vomiting, NR 154 NR
136 total 800000 IU  polyuria, hypotonia mg%
Nanulescu, 1984 6 mo NR 10000 IU/d for Anorexia, vomiting, NR 12.4 NR
136 total 1800000 IU  constipation, polyuria, mg%
dehydration, failure-to-thrive
Nanulescu, 1984 6 mo NR 13000 IU/d for Anorexia, vomiting, NR 14.4 NR
136 total 1600000 IU  constipation, polyuria, mg%
irritability
Nanulescu, 1984 10 NR 16000 IU/d for Anorexia, vomiting, failure NR 20mg%  NR
136 mo total 4200000 IU  to thrive, arrythmia,
hypotonia
Nanulescu, 1984 14 NR 8500 TU/d for Anorexia, polyuria, failure- NR 13mg% NR
136 mo total 3600000 IU  to-thrive, hypotonia

ABX = abdominal x-ray (plain film); d = day; F = female; IU = international units; M = male; mo = month; NR = not reported; UCa = urinary calcium; UCa/Cr = urinary calcium
to creatinine ratio; US = Ultrasound; wk = week

2 Reported as mg/mg unless otherwise specified.
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ULs KQ1b. What are levels of vitamin D intake at which a prespecified threshold of serum 25(0OH)D
is reached in children aged 0 to 4 years?

This section includes all randomized and nonrandomized controlled trials assessing the effect of
vitamin D intake on achieving prespecified thresholds of serum 25(OH)D. As indicated below, separate
tables show the results of the included studies using daily dose interventions, single and intermittent
large dose interventions, or interventions with fortified and non-fortified foods. The characteristics of
these studies are reported in Table KQ3-1.

Daily dose interventions

Table VDUL-5 shows the 21 included studies that reported the effect of a daily dose of vitamin
D on achieving prespecified thresholds of serum 25(OH)D. The table reports studies by prespecified
thresholds of serum 25(OH)D, with one study reporting thresholds of 30 nmol/L (12 ng/mL), nine
studies of 50 nmol/L (20 ng/mL), five studies of 75 nmol/L (30 ng/mL), five studies of 125 nmol/L (50
ng/mL), and one study of 150 nmol/L (60 ng/mL). Interventions ranged from 200 to 2,000 [U/d with
intervention durations ranging from 6 weeks to 12 months. A variety of assay methods were used. In
addition to daily vitamin D administration, some studies in this section also reported results for intake of
placebos, no intervention (no placebo), once weekly vitamin D dosing, and maternal vitamin D
exposures. Intervention groups ranged in size from 13 to 354.

Figure VDUL-2 displays the summary and individual study risk of bias (ROB) results for
studies included in this section. Many studies were prone to bias for deviations from intended
interventions, and this was often due to high levels of non-adherence to the intervention or the use of
statistical analyses that did not aim to measure the effect of adhering to the intervention. Some included
studies were also prone to bias for missing outcome data with no evidence to suggest results were not
biased due to this missingness. Other potential bias arose from poorly described or inappropriate
randomization processes and a lack of evidence or indication that detailed analysis and statistical plans
were pre-specified before unblinded outcome data were available. Of note, all included studies had a
low risk of bias in measurement of the outcome, serum 25(OH)D.

Table VDUL-5 reports the last follow-up data, but one study’s primary outcome was the
percentage of participants achieving serum 25(OH)D levels of 75 nmol/L (30 ng/mL).>® In a model
adjusted for race, gender, and period of birth, the results for achieving the 75 nmol/L (30 ng/mL)
threshold were as follows: 800 IU/d vs. 400 IU/d (OR = 3.5; 95% CI 1.1, 11.0); 1,200 IU/d vs. 400 TU/d
(OR=9.7;95% CI 1.9, 49.7).

As seen in Table VDUL-5, the percentage of participants reaching the prespecified threshold was
variable and may have depended on the threshold level, intervention dose, and intervention duration.
One study reported that 100% and 90% of participants achieved a threshold of 30 nmol/L (12 ng/mL) in
the 400 IU/d of vitamin D3 and control arms, respectfully.!!® At a threshold of 50 nmol/L (20 ng/mL),
with participants receiving 400 [U/d of vitamin D3 for durations of seven weeks to eight months, the
percentage above threshold varied from 60% to 97%. For participants receiving 800 1U/d of vitamin D3
for durations of 12 weeks to eight months, the percentage above threshold varied from 88% to 100%. At
a threshold of 75 nmol/L (30 ng/mL), with participants receiving 400 1U/d of vitamin D3 for durations of
four to 11 months, the percentage above threshold varied from 55% to 93%. In two studies where
participants received 800 IU/d of vitamin D3 for durations of 6 weeks and 11 months, the percent above
this threshold was 73% to 81%. The percentage of participants achieving a threshold of 75 nmol/L (30
ng/mL) was variable for other interventions and duration; however, similar to studies using a threshold
of 50 nmol/L (20 ng/mL), the results consistently show that higher doses of vitamin D resulted in more
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participants achieving a threshold of 75 nmol/L (30 ng/mL). Finally, at a threshold of 125 nmol/L (50
ng/mL), no participants in any of the four studies, with interventions of 400 IU/d or 800 IU/d vitamin D3
for durations of 12 weeks to 12 months, achieved serum 25(OH)D levels above threshold. Serum
25(0OH)D levels of 125 nmol/L (50 ng/mL) was achieved in 6% of participants receiving 1,000 IU/d of
vitamin Ds for eight weeks.!?! Notably, in one study reporting a threshold of 150 nmol/L (60 ng/mL),
one participant (8%) receiving 400 IU/d achieved this threshold after 6 months.”

Single and intermittent large dose interventions

Table VDUL-6 shows the six included studies that reported the effect of a single, large dose of
vitamin D or intermittent large doses of vitamin D on prespecified thresholds of serum 25(OH)D. One
study used a prespecified threshold of serum 25(OH)D of 50 nmol/L (20 ng/mL), three studies used 75
nmol/L (30 ng/mL), one study used 120 nmol/L (48 ng/mL), and one study used 250 nmol/L (100
ng/mL). Interventions ranged from a single dose of 50,000 to 600,00 IU at baseline, with some arms
reporting a second, large dose of vitamin D administered one month to three months after baseline dose.
Comparison groups included daily vitamin D dosing and placebo groups. Studies ranged in intervention
duration from 2 weeks to 6 months.

Figure VDUL-3 displays the summary and individual ROB results for studies included in this
section. Almost all included studies had a high risk of bias for deviations from intended interventions,
and this was most often due to high levels of non-adherence to the intervention or the use of statistical
analyses that did not aim to measure the effect of adhering to the intervention. Some included studies
were also prone to bias for missing outcome data with no evidence to suggest results were not biased
due to this missingness. Other potential bias arose from poorly described or inappropriate randomization
processes and a lack of evidence or indication that detailed analysis and statistical plans were pre-
specified before unblinded outcome data were available. Of note, all included studies had a low risk of
bias in measurement of the outcome, serum 25(OH)D.

As seen in Table VDUL-6, the percentage of participants reaching the prespecified threshold
after receiving a single, large dose of vitamin D or intermittent large doses of vitamin D is variable. At a
threshold of 120 nmol/L (48 ng/mL), 23% of participants receiving a single dose of 100,000 IU of
vitamin D had achieved threshold at two weeks, while 58% receiving a single dose of 200,000 IU of
vitamin D had achieved threshold.”® In a different study, 86% of participants who received a single dose
of 50,000 IU of vitamin D had achieved the lower threshold of 50 nmol/L (20 ng/mL) despite a longer
follow up of 3.5 months.>® Relatedly, 64% of participants who received a single dose of 50,000 IU of
vitamin D had achieved the moderate threshold of 75 nmol/L (20 ng/mL) at six months.’® Despite the
heterogenicity of intervention dose, form of vitamin D used, follow-up duration, and threshold used, the
results demonstrate higher doses of vitamin D resulted in more participants achieving the prespecified
thresholds.

Food and fortified food interventions

Table VDUL-7 shows the two included studies that reported the effect of vitamin D from food
and fortified food on prespecified thresholds of serum 25(OH)D. One study used an intervention of food
fortified with vitamin D with a comparison group without food fortified with vitamin D.'%* The duration
of this study was six months, but results were reported at both three and six months. The other study had
two intervention arms with food fortified with different levels of vitamin D as well as one intervention
arm without food fortified with vitamin D for a duration of three months.!'? Both studies used
prespecified thresholds of vitamin D of 50 nmol/L (20 ng/mL). Intervention group sizes ranged from 23
to 84.
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Figure VDUL-4 displays the summary and individual study ROB results for studies included in
this section. Both studies had some risk of bias for deviations from intended interventions and bias due
to reporting of results. Both studies had low risk of bias due to the randomization process, missing
outcome data, and measurement of the outcome.

The two studies in this section included interventions arms of fortified food containing 466 1U/d
and 480 IU/d of vitamin D3.!%%!!2 The percentage of participants with serum 25(OH)D levels higher than
50 nmol/L (20 ng/mL) after three months was 88% and 92%, respectively. All participants in the group
receiving 880 IU/d of vitamin D3 through fortified food achieved this threshold.!'?> Lower percentages of
participants in arms receiving food not fortified with vitamin D achieved the threshold in both studies.
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Table VDUL-5. Characteristics and key findings of studies that report the effect of a daily dose of
vitamin D on prespecified thresholds of serum 25(OH)D

N N (%) above
Author (year) Assay Intervention Follow-up analyzed threshold
25(OH)D threshold:
30 nmol/L (12
ng/mL)
Stellinga-Boelen et RIA kits VD3 400 IU/d 3 month 26 26 (100)
al. (2007)
13 Without intervention (no 31 28 (90)
placebo)
25(OH)D threshold:
50 nmol/L (20
ng/mL)
Dawodu et al. (2019)  EIA/Chemiluminescenc  Maternal VD3 6000 IU/day 6 month 55 49 (89)
46
e
Maternal VD3 600 [U/day 47 43 (91
+ infant VD3 400 [U/day
Gallo et al. (2013) LC-MS/MS VD2 400 1U/d 3 month 24 ~18 (75)
82
VD3 400 1U/d 26 ~25 (96)
Gordon et al. (2008) EIA/Chemiluminescenc VD2 2000 IU/d 6 week NR NR (100)
83
e
VD2 50,000 IU once NR All but one
weekly participant
VD3 2000 IU/d NR All but two
participants
Kumar et al. (2011) RIA kits VD3 1400 IU once weekly 6 month 216 122 (57)
2
Placebo 237 63 (27)
Madar et al. (2009) HPLC VD2 400 1U/d 7 week 22 19 (86)
89
Without intervention (no 29 19 (66)
placebo)
Mortensen et al. LC-MS/MS VD3 400 1U/d 20 week 38 35(92)
(2019)
137 VD3 800 1U/d 39 39 (100)
Placebo 40 0 (0)
Natarajan et al. EIA/Chemiluminescenc VD3 400 IU/d 12 week 45 31 (65)
(2014) e
39 VD3 800 1U/d 42 37 (88)
Singh et al. (2018) EIA/Chemiluminescenc VD3 400 IU/d 6 month 49 ~24 (60)
44
e
Without intervention (no 48 ~12 (24)

placebo)
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N N (%) above
Author (year) Assay Intervention Follow-up analyzed threshold
Ziegler et al. (2014) RIA kits VD3 200 IU/d 8 month 38 37 (97)
40
VD3 400 IU/d 30 29 (97)
VD3 600 1U/d 27 26 (96)
VD3 800 1U/d 24 24 (100)
25(OH)D threshold:
75 nmol/L (30
ng/mL)
Aglipay et al. (2017)  Protein-binding assay VD3 400 1U/d 4 month 354 276 (78)
32
VD3 2000 IU/d 349 329 (94)
Atas et al. (2013) HPLC VD 200 TU/d 3.5 month 75 59 (79)
80
VD 400 TU/d 64 64 (100)
Gallo et al. (2013) LC-MS/MS VD3 400 1U/d 11 month 29 ~16 (55)
38
VD3 800 1U/d 32 ~26 (81)
VD3 1200 IU/d 27 ~25(92)
VD3 1600 IU/d 13 13 (100)
Grant et al. (2014) LC-MS/MS VD3 400 1U/d 6 month 77 55 (74)
84
VD3 800 T1U/d 74 51(73)
Placebo 70 44 (57)
Holmlund-Suila et al.  EIA/Chemiluminescenc VD3 400 IU/d 10 week 29 ~27(93)
(2012) e
35 VD3 1200 1U/d 32 32 (100)
VD3 1600 IU/d 32 32 (100)
25(OH)D threshold:
125 nmol/L (50
ng/mL)
Abrams et al. (2013)  EIA/Chemiluminescenc VD3 1000 IU/d 8 week 32 2 (6)
101
e
Placebo 31 1(3)
Brett et al. (2016) EIA/Chemiluminescenc VD3 400 IU/d 12 week 27 0(0)
103
e
VD3 600 1U/d 26 0 (0)
Without intervention (no 24 0(0)

placebo)
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N N (%) above
Author (year) Assay Intervention Follow-up analyzed threshold
Brett et al. (2016) RIA kits Placebo 9 month 54 0(0)
103
VD3 400 1U/d 47 0 (0)
Maternal VD3 120,000 [U 51 1(2)
once monthly
Mortensen et al. LC-MS/MS VD3 400 1U/d 20 week 38 0 (0)
(2016)
1 VD3 800 IU/d 39 0(0)
Placebo 40 0(0)
Talaat et al. (2016) EIA/Chemiluminescenc VD3 400 IU/d 12 month 196 0(0)
114
e
VD3 45,000 IU once 247 2(1)
weekly for 2 months
followed by VD3 400 IU
almost daily
194 0(0)
VD3 2000 IU once daily
for 3 months followed by
VD3 1000 IU almost daily
25(OH)D threshold:
150 nmol/L (60
ng/mL)
Shakiba et al. (2010)  EIA/Chemiluminescenc VD3 200 IU/d 6 month 19 0(0)
93
e
VD3 400 1U/d 26 1(8)
VD3 50,000 IU once every 30 6 (20)

two months

d = day; EIA = enzyme immunoassay; HPLC = high performance liquid chromatography; IU = international units; LC-MS =
liquid chromatography mass spectrometry; RIA = radioimmunoassay; VD = vitamin D; VD2 = vitamin D,; VD3 = vitamin

D;
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Figure VDUL-2. Summary ROB plot (panel a) and individual study ROB plot (panel b) for daily dose
studies included in vitamin D upper limit key question 1b

a.
Bias Summary for Vitamin D Upper Limit KQ 1b
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Table VDUL-6. Characteristics and key findings of studies that report the effect of a single large dose or
intermittent large doses of vitamin D on prespecified thresholds of serum 25(OH)D

N N (%) above
Author (year) Assay Intervention Follow-up  analyzed threshold
25(OH)D threshold: 50
nmol/L (20 ng/mL)
Huynh et al. (2017) EIA/ VD3 400 1U/d 3.5month 22 20 (91)
36 Chemiluminescense
VD3 50,000 IU 26 23 (86)
single dose
25(OH)D threshold: 75
nmol/L (30 ng/mL)
Hirschler et al. (2014) EIA/ VD 50,000 TU 2 month 36 6 (18)
106 Chemiluminescense once at baseline
and once at one
month 60 32 (53)
VD 100,000 IU
once at baseline
and once at one
month
Moodley et al. (2015) LC-MS/MS VD3 50,000 [U 6 month 11 7 (64)
%0 single dose
10 4 (40)
Placebo
Shakiba et al. (2014) EIA/ VD3 300,000 4 month 30 28 (93)
4 Chemiluminescense single dose
43 12 (28)
VD3 400 1U/d
25(OH)D threshold: 120
nmol/L (48 ng/mL)
Zeghoud et al. (1994) RIA kits VD3 100,000 IU 2 week 13 3(23)
% single dose
VD3 200,000 IU NR NR (58)
single dose
25(OH)D threshold: 250
nmol/L (100 ng/mL)
Harnot et al. (2017) EIA/ VD3 600,000 IU 1 month 27 0(0)
85 Chemiluminescence single dose
28 0 (0)

VD3 300,000 IU
single dose

d = day; EIA = enzyme immunoassay; IU = international units; LC-MS = liquid chromatography mass spectrometry; NR =
not reported; RIA = radioimmunoassay; VD = vitamin D; VD3 = vitamin D3
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Figure VDUL-3. Summary ROB plot (panel a) and individual study ROB plot (panel b) for single or
large dose studies included in vitamin D upper limit key question 1b
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Table VDUL-7. Characteristics and key findings of studies that report the effect of vitamin D in food or
fortified food on prespecified thresholds of serum 25(OH)D

N N (%) above

Author (year) Assay Intervention Follow-up analyzed threshold
25(OH)D threshold: 50
nmol/L (20 ng/mL)
Brett et al. (2018) 1% HPLC VD3 fortified food: =~ 3month 26 ~23 (88)

466 1U/d

6 month 26 21 (85)

VD3 fortified food:

486 1U/d 3 month 23 ~15 (67)

Food: 239 1U/d 6 month 23 ~16 (70)

Food: 241 TU/d
Ohlund et al. (2017) '?  LC- VD3 fortified food: ~ 3month 69 ~64 (92)
MS/MS 480 1U/d
84 84 (100)
VD3 fortified food:
880 1U/d 35 ~17 (48)

Food: 80 IU/d

d = day; HPLC = high performance liquid chromatography; LC-MS/MS = liquid chromatography mass spectrometry; [U =
international units; N = sample size; VD3 = vitamin D3

Figure VDUL-4. Individual study ROB plot for food and fortified food studies included in vitamin D
ULs KQ1b

Risk of bias domains

D3 |
©)

| D5 | oOverall |

| D4
®  © | ©

D1
Brett, 2018 )

©

=

=

=

iy @ ©  ® ®  © | ©
Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. + Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
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Conclusions

The following conclusions focusing on are based on evidence described above as well as strength
of evidence results evaluated by the GRADE approach and summarized in Appendix 1: GRADE
Evidence Profile Tables. A bibliography is presented in Appendix 2.

Vitamin D Requirements

KQ1I. What is the effect of different levels of vitamin D intake on health outcomes in children aged 0
to 4 years?

» Evidence is low on the effect of different levels of vitamin D intake in children 0 to 4 years old
for several health outcomes including atopic outcomes (i.e., asthma, wheeze, eczema), infectious
diseases, growth, neurodevelopment, rickets, bone mineral content, and bone mineral density.
For all or some of these outcomes, evidence was imprecise, inconsistent, without dose-response
relationship, and with some or serious limitations due to risk-of-bias.

o For asthma outcomes, the three identified RCTs reported mixed results comparing
different levels of vitamin D supplementation. Two of these studies reported no
significant findings,>** and the other reported neonates receiving 400 IU/d of vitamin D
had lower risk of asthma compared to placebo (RR = 0.06; 95% CI 0.003, 0.94).2° For
eczema,’**>?’ three RCTs found no significant differences between groups. Results from
two RCTs were mixed for wheeze outcome such that one study reported no significant
findings,?” but the other, an RCT in preterm Black infants, found significantly reduced
risk of recurrent wheezing at 12 months with sustained vitamin D supplementation
compared to diet-limited supplementation (adjusted RR = 0.62; 95% CI 0.44, 0.87; P =
0.005).2*

o For infectious disease outcomes, the eight identified RCTs reported a total of 20
infectious disease outcomes. Of these, 19 outcomes were not significantly different
between intervention groups. One RCT found participants who received 1,200 IU/d of
vitamin D3 were significantly less likely to develop influenza A after 4 months compared
to those receiving 400 IU/d of vitamin D3 (RR = 0.54; 95% CI 0.42, 0.77).3!

o For growth and neurodevelopment outcomes, 12 RCTs in 100% healthy infants and two
RCTs in low birth weight and/or preterm infants were identified. Ten of the studies in
healthy infants reported no significant findings, and the other two reported mixed results.
One study with a non-randomized comparison group reported benefits to length at 12
months for infants given formula with vitamin D vs. a placebo.?” Another study reported
significantly lower Alberta Infant Motor Scale (AIMS) total scores, prone scores, and/or
sitting scores after six months for infants randomized to higher vs. lower doses of vitamin
D3 (800 vs. 400 IU/d; 1,200 vs. 400 1U/d).*” The two RCTs in low birth weight and/or
preterm infants reported mixed results. One reported no significant findings for all
growth measures.>® The other reported significant benefits with 1,400 IU/week of vitamin
D3 vs. placebo for weight- and length-for-age z scores and arm circumference at age 6
months but no difference in weight-for-length z scores or head circumference.** At 3-6
years post intervention, a follow-up study found significantly lower body mass index
(BMI), BMI z scores, and arm muscle area in the vitamin D supplemented group but no
significant differences for all other measures.*3

o For rickets, eight RCTs and one non-randomized controlled trial were identified, and all
eight RCTs found no significant findings. The non-randomized controlled trial included
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interventions with calcium, vitamin D, or calcium plus vitamin D supplementation and
reported rickets in <2% of the study population.’® While results showed no difference in
rickets incidence by supplementation (P = 0.214), there was a significant interaction for
time and supplementation over the 3-year study period (P = 0.001).

o For bone mineral content and density (BMC/BMD) outcomes, nine RCTs and one non-
randomized controlled trial were identified and these reported mixed results. Five RCTs
plus one three-year follow-up reported no difference in outcomes between any study
groups.?%-38:3943.56.57 Tywo studies reported benefits to BMC/BMD outcomes for vitamin D
supplementation vs. placebo but did not report p-values or confidence intervals.?**” Two
studies reported significant benefits for BMC/BMD when comparing higher vs. lower
doses of vitamin D (1,600 IU/d vs. 400 1U/d; 1,600 TU/d vs. 1,200 1U/d)** or when
comparing vitamin D supplementation with human milk alone.>> One study reported
moderately significant (0.05 < P < 0.1) benefits for one bone measurement when
comparing vitamin D supplementation to a placebo.*®

» Evidence is insufficient on the effect of different levels of vitamin D intake on blood pressure,
as only one RCT was identified that assessed this outcome.

» Evidence is insufficient on the effect of different levels of vitamin D intake on autoimmune
disease and fracture, as no interventional studies were identified that assessed these outcomes.

KQ2. What is the association between serum 25(0OH)D concentrations and health outcomes in
children aged 0 to 4 years?

» Evidence is very low on the association between serum 25(OH)D concentration and several
health outcomes including atopic outcomes (i.e., asthma, wheeze, eczema), autoimmune
diseases, and infectious diseases.

o For asthma, three cohort studies reported mixed results with two cohorts finding no
association®!%? and one cohort reporting that lower 25(OH)D concentrations were
associated with increased risk of non-medicated asthma.®® Wheeze and eczema outcomes
also had mixed results. For wheezing, one cohort study found no association,®* while
another reported lower 25(OH)D concentrations being associated with increased risk of
wheezing.®® For eczema, one cohort found no association,®” while another reported lower
25(OH)D concentrations being associated with increased risk of eczema.®

o For autoimmune disease outcomes, seven studies reporting on three outcomes (i.e., type 1
diabetes, islet autoimmunity, and JIA) were identified. For type 1 diabetes, four studies
from three publications found no association.®®%® For islet autoimmunity, one case-cohort
found no association,’® while a nested case-control study found high serum 25(OH)D in
the first year of life and in childhood associated with decreased risk of islet
autoimmunity.®® For JIA, one case-cohort study found no association.”!

o For infectious disease outcomes, four cohort studies were identified which reported on
eight infectious diseases. Higher serum 25(OH)D was associated with three of the eight
outcomes: decreased risk of oral candidiasis,® increased risk for URTI (in underweight
children),* and increased risk of malaria infection (between highest and second highest
quartiles of serum 250HD).%

* Evidence is low on the association between serum 25(OH)D concentration and growth and
neurodevelopment in children 0 to 4 years of age.

o For growth and neurological development outcomes, six observational studies, including
four cohorts and two case-control studies, were identified. No linear associations were
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found between serum 25(OH)D and these outcomes; however, when serum 25(OH)D was
analyzed as a categorical exposure, one study found higher 25(OH)D levels were
positively associated with IQ scores at age 19,” and another study showed significantly
positive associations with weight-for-length z scores for serum 25(OH)D levels of 20-
29.9 ng/mL compared to < 10 ng/mL.%
Evidence is insufficient on the association between serum 25(OH)D concentration and fracture,
as only one case-cohort study was identified that assessed the association.
Evidence is insufficient on the association between serum 25(OH)D concentration and blood
pressure, as only one cohort study was identified that assessed the association.

KQ3. What is the effect of vitamin D intake on serum 25(OH)D concentrations in children aged 0 to 4

years?

Evidence is moderate on the effect of vitamin D intake on serum 25(OH)D concentration in
children aged 0 to 4 years.

o Thirty trials (reported in 31 publications) conducted in children aged 0-12 months, and
one RCT in children aged 1 to 4 years, were identified. A random effects meta-regression
analysis of these age groups combined showed that each 100 IU/d increase in vitamin D
supplementation was associated with an average of 1.92 (95% CI 0.28, 3.56) nmol/L
increase in achieved 25(OH)D concentration (n = 53 intervention arms; P = 0.022;
adjusted R? =9.07%).

o Seven studies were identified in children aged 3-9 years old, and a random-effects meta-
regression for this age group showed that each 100 IU/d increase in vitamin D
supplementation was associated with an average of 2.49 (95% CI -0.24, 5.22) nmol/L
increase in achieved 25(OH)D concentration (n = 16 intervention arms; P = 0.071;
adjusted R? = 19.96%).

Vitamin D Upper Limits

ULs KQla. At what levels of vitamin D intake are adverse effects observed in children aged 0 to 4

years?

Evidence is very low on the association between vitamin D intake or serum 25(OH)D and two
upper limit outcomes, hypercalcemia and hypercalciuria. Generally, the rate of hypercalcemia
increased with dose of vitamin D; however, no significant differences between groups were
reported, and studies were graded as inconsistent and imprecise. The rate of hypercalciuria was
variable among studies and intervention arms.

Evidence is insufficient on the association between vitamin D intake or serum 25(OH)D and
other upper limit outcomes (including nephrocalcinosis, kidney stones, and mortality) due to
limited high-quality studies assessing the outcomes.

ULs KQ1b. What are levels of vitamin D intake at which a prespecified threshold of serum 25(0O0H)D
is reached in children aged 0 to 4 years?

The levels of vitamin D intake at which prespecified thresholds of serum 25(OH)D is reached in
children aged 0 to 4 years was considered in studies with daily dose interventions (n = 21), single
and intermittent large dose interventions (n = 6), and food and fortified food interventions (n =
2). It is difficult to draw a conclusion since the included studies reported the percentage of
participants achieving various prespecified serum 25(OH)D thresholds as the outcome, and the
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percentage of participants reaching the prespecified thresholds was variable and may have
depended on the threshold level, intervention dose, and intervention duration.
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Appendix 1: GRADE Evidence Profile Tables

Vitamin D Requirements and Upper Limits
The effect of vitamin D intake on blood pressure and fracture outcomes were rated insufficient due to less than three unique studies meeting
the inclusion criteria for this systematic review. Therefore, these outcomes were not included in the GRADE evidence profile table below.

GRADE evidence profile table: vitamin D requirements and upper limits

Quality assessment

supplementati
on.

Strength

N (.)f . N . Indirectne[Imprecisi Dose- Summary of findings of
studieDesign |Limitations (Inconsistency .
5 ss on response evidence
KQ1. Atopic outcomes: asthma, wheeze, eczema
4 RCTs [Some No serious  |Direct:  |Imprecise [No dose-  |Asthma: 3 RCTs reported mixed results comparing

limitations: |inconsistency:|Clinical | Small [response is |higher to lower doses of Vit D supplementation. Two

100% of trialsMost trials outcomes. [number of [present. RCTs found no significant differences between groups.

have some or [reported no events One RCT found participants who received 400 IU/d of

high ROB in [significant with large vitamin D3 were at lower risk of developing asthma at 6

at least 1 differences in confidence months, compared to those who received placebo (RR =

ROB domain, [atopic intervals. 0.055; 95% CI1 0.003, 0.94), but there were no

and 50% of |outcomes significant differences in the risk of asthma when

trials have  [comparing comparing 800 IU/d of vitamin D3 to placebo, or when

high or some |higher to comparing 800 IU/d to 400 IU/d of vitamin D3

ROBin3  |lower doses of supplementation.? LOW

domains. Vit D Wheeze: 2 RCTs reported mixed results. One study

reported no significant findings,?’ but another RCT in
preterm Black infants, found significantly reduced risk
of recurrent wheezing at 12 months with sustained
vitamin D supplementation compared to diet-limited
supplementation (adjusted RR = 0.62; 95% CI 0.44,
0.87; P=0.005).%*

Eczema: 3 RCTs found no significant differences
between groups.

KQ1. Infectious diseases

150



Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al.

Supplement

8 RCTs [Some No serious  |Direct:  |Imprecise [No dose-  |Out of the 20 infectious disease outcomes (respiratory, n
limitations: |inconsistency:|Clinical | Studies [responseis [= 15; gastrointestinal, n = 1; and other or unspecified
88% of trials [Most trials outcomes. [reported [present. infections, n = 4), 19 were not significantly different
have some or [reported no variable between intervention groups. One RCT found
high ROB in [significant effect participants who received 1,200 IU/d of vitamin D3 were
at least 2 differences in measures significantly less likely to develop influenza A after 4
ROB infectious with large months compared to those receiving 400 IU/d of vitamin
domains. The |disease confidence D3 (RR = 0.54; 95% CI 0.42, 0.77).3!
. ) LOW
other trial outcomes intervals.
(12%) has  |[comparing
high risk in  |higher to
one ROB lower doses of
domain. vitamin D
supplementati
on
KQI1. Growth and neurodevelopment
13 RCT (1 [Serious Consistent: [Direct: [Some No dose- Eleven RCTs reported no association between VD
study |limitations: [85% of studies|Clinical |imprecisiojresponse is |interventions and growth and development outcomes
with a |All trials havelshowed no outcome. [n: Most [present. when comparing higher to lower doses or when
non-  [some concern [significant studies comparing VD supplementation to a placebo.
randomi|or high ROB [association reported
zed in at least 2 |between VD small
control |[domains, and [intervention confidence
group |85% had highland growth intervals,
37) ROB for outcomes. but studies LOW
deviations  |Only 2 studies were not
from intendedfreported on powered
intervention. |[neurological for
For all ROB |development developme
domains, > |outcomes. nt
30% of outcomes.
studies had

151




Vitamin D Intakes and Health Outcomes in Children Aged 0-4 Years, Beauchesne et al.

Supplement

SOme concern

or high ROB.
KQ1. Rickets
9 RCTs, [Serious Consistent: |Direct: |Imprecise [No dose-  [Eight RCTs reported no rickets. One non-randomized
non-  [limitations: [89% of trials |Clinical [z Very response is  |controlled trial reported rickets in <2% of the study
randomilAll trials havefreported no  |outcome. [small present. population, and while there was no association with
zed some concern [rickets, and number of study arm (calcium, vitamin D, or calcium plus vitamin
controll |or high ROB (11% reported events. D supplementation) (P = 0.214), there was a significant
ed trial [in at least 3  [no significant interaction between time and supplementation over the
domains. For |association three-year study period (P = 0.001).%° LOW
all ROB between
domains, > |rickets and VD
50% of supplements.
studies had
some concern
or high ROB.
KQ1. Bone mineral content and bone mineral density (BMC/BMD)
10 |[RCTs [Serious Some Indirect: |Some Dose- There were mixed results for BMC/BMD outcomes.
(1 study [limitations: [inconsistency:|Surrogate [imprecisiojresponse is |Five RCTs from six publications reported no difference
with a  [All trials have|50% of the outcome. |n: 50% of [present. in BMC/BMD outcomes between any study
non-  [some or high [studies studies groups.??38:39:43:56.57 Ty studies reported benefits to
randomi[ROB in at  [reported no with BMC/BMD outcomes for VD supplementation vs.
zed least 1 ROB |association BMC/BM placebo but did not report p-values or confidence
control |[domain. For |between VD D as intervals, and one included a non-randomized
group [|each ROB |interventions primary comparison group.’**” Two studies reported statistically
37, non-|domain, and outcomes; significant (P<0.05) benefits for various BMC/BMD LOW
randomilexcept for [BMC/BMD 70% of measures when comparing randomized groups with
zed measurement [outcomes. studies higher vs. lower doses of VD (1,600 IU/d vs. 400 TU/d;
controll [of outcome, [30% reported with small 1,600 TU/d vs. 1,200 TU/d)** or when comparing non-
ed trial [at least 50% |benefits of VD sample randomized groups with VD supplementation or breast
of studies supplementati sizes per milk alone.> One study reported moderately significant
have some or |on vs. placebo study (0.05 < P <0.1) benefits for one bone measurement
high ROB. [for group; when comparing VD supplementation to a placebo.*®
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BMC/BMD Mostly
outcomes narrow
(0.05 <P<0.1, confidence
or p-values intervals
and 95% CI for
not reported). BMD/BM
20% reported C
significant outcomes.
associations
between
higher vs.
lower VD
doses or VD
supplementati
on vs. breast
milk alone and
BMC/BMD
outcomes.
KQ2. Atopic outcomes: asthma, wheezing, and eczema
4 Cohorts [Serious No serious  [Direct: |[Imprecise [No dose-  |Asthma: Three cohort studies had mixed results
, case- [limitations: [inconsistency: |Clinical |[: Wide response is  [measuring the association between serum 25(OH)D and
cohorts |63% of Most studies [outcomes. |confidence|present. asthma outcomes. Two cohort studies found no
outcomes of ([reported no intervals. association. A third cohort study found participants with
interest were [significant higher numbers of follow-up visits with deficient serum
not association 25(OH)D had significantly increased risk of asthma, but
demonstrated |between serum not medicated asthma.®? VERY
to be absent [25(OH)D and Wheeze: Two cohort studies had mixed results LOW
at start of risk of atopic measuring serum 25(OH)D and wheeze outcomes. One
study, 75% ofloutcomes. study found no association, while the other found
outcomes participants with higher numbers of follow-up visits
were assessed with deficient serum 25(OH)D had significantly
by self-report, increased risk of wheeze.®
and 75% of
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outcomes had
significant
lost to follow-

up

Eczema: Two studies had mixed results measuring
serum 25(OH)D and eczema outcomes. One case-cohort
study found no association, while the other cohort found
participants with higher numbers of follow-up visits
with deficient serum 25(OH)D had significantly
increased risk of eczema.®

KQ2. Autoimmune diseases

7 Case- |Serious No serious  [No Imprecise [No dose-  |[Type 1 diabetes: Four observational studies found no
cohorts, [limitations: [inconsistency: |serious [: Most response is  [association between serum vitamin D and type 1
nested |[57% of Most studies [indirectne|studies  [present. diabetes.
case- |studies with [reported no  |ss: with wide Islet autoimmunity: Two observational studies
controls [significant  [significant Clinical |confidence reported mixed results. One case-cohort found no
lost to follow-[association outcomes [intervals association between serum 25(OH)D and islet
up or no between serum|or or large autoimmunity.’® One nested case-control study found an
statement,  [25(OH)D and [immediate jmeasures association between serum 25(OH)D (in the first year of
71% not risk of precursor |of life and in childhood) and decreased risk of islet VERY
selecting all [autoimmune |to clinical |variability. autoimmunity.%’ LOW
cases, and  [disease outcome Juvenile idiopathic arthritis (JIA): One case-cohort
71% using  |outcomes (e.g., islet study found no association between serum 25(OH)D and
non-optimal autoimmu oligoarticular and polyarticular JIA.”!
or poorly nity)
described
analytic
methods
KQ?2. Infectious diseases
4 Cohorts [Some Some Direct:  |Imprecise [No dose- Most associations between serum 25(OH)D and
limitations: |inconsistency:|Clinical | Most response is  [infectious disease outcomes were not significant.
One study  |Most studies |outcomes. |studies  [present. Significant associations were found for three of eight
reporting one |found no with wide total infectious disease outcomes, with higher serum
. ) . : VERY
outcome significant confidence 25(OH)D associated with a reduced risk of oral LOW
(14% of association or intervals candidiasis® but an increased risk for URTI (in
outcomes)  [an association or large underweight children) and malaria infection (between
had major  |[between serum measures
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limitations: |[25(OH)D and of highest and second highest quartiles of serum
outcome decreased risk variability. 250HD).546
assessed via |of infection,
self-report, |with one study
outcome not [reporting
demonstrated [increased risk
to be absent (for one
at start of infectious
study, disease
analysis not |outcome (oral
optimally candidiasis)
controlled,
and poor
adequacy of
cohort
follow-up
KQ2. Growth and neurological development
6 Cohorts [Some Consistent: |Direct: |[Some Dose In 6 observational studies assessing 25(OH)D levels and
(n=4), |limitations: [100% of Clinical |imprecisiofresponse, [growth and development or neurological development
nested [83% of studies outcome. [n: but outcomes, no linear association was found between
case- |studies had [reported no Power relationship [25(OH)D in infancy and any development outcomes.
controls ROB in at  [significant calculation{with growth |Categorical 25(OH)D analyses showed some
(n=2) [least 1 linear s not and statistically significant benefits in development
domain, and |association reported |development|outcomes with higher 25(OH)D levels compared to the
50% had between for most |and lowest levels.
ROB in two [25(OH)D and studies,  [neurological LOW
or more growth and but most |development
domains. development had large |appears to
50% reported [outcomes. sample  [be non-
high loss to sizes; linear.
follow-up studies
rates or gave reported
no statement. wide Cls
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or did not
report Cls.
KQ3. Daily vitamin D supplementation on serum 25(OH)D
39 RCTs [Some No serious Indirect: |[Some Dose- In infants 0-12 months old, random-effects meta-
limitations: |inconsistency:|serum imprecisiofresponse is |regression analysis showed that each 100 IU/d increase
In 4 of 5 Consistency in[25(OH)D, |n: Meta- |present in vitamin D supplementation was associated with an
ROB direction but |a marker [regression [within most |average of 1.92 (95% CI 0.28, 3.56) nmol/L increase in
domains, some of vitamin |analysis [studies achieved 25(OH)D concentration (n=53 intervention
greater than  [inconsistency |[D status. |demonstraticomparing |arms; P=0.022; adjusted R = 9.07%). Only one study
50% of trials |in magnitude ed wide |different was in infants 1 to 4 years, which showed serum
were assessed|of the Cls. Also, |levels of 25(0OH)D unchanged in the 400 IU/d group but Moderate
as having achieved the daily significantly increased from 89.6 to 121.6 nmol/L in the
some or high [25(OH)D residual  [vitamin D {2000 IU/d group after 16 weeks. In children 3-9 years
ROB. concentration heterogene|supplementa |old, random-effects meta-regression showed that each
at the end of ity in tion. 100 IU/d increase in vit D supplementation was
the meta- associated with an average of 2.49 (95% CI -0.24, 5.22)
intervention regression nmol/L increase in achieved 25(OH)D concentration (n
period. s was = 16 intervention arms; P = 0.071; adjusted R> =
large. 19.96%).
KQ3. Non-daily vitamin D supplementation on serum 25(OH)D
11 RCTs |[Some Some Indirect: [Some Dose- Single doses of 200,000 IU of vitamin D3 increased
limitations: |inconsistency:|serum Imprecisi [response is  |[serum 25(OH)D to 317 nmol/L at one week and 246 LOW
In 4 of 5 Consistency of|25(OH)D, |on: Wide |present nmol/L at 5 weeks in one study,®” and 150 nmol/L at 2
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ROB
domains,
approximatel
y 50% or
more trials
were assessed
as having
some or high
ROB.

direction but
some
inconsistency
in magnitude
of the
achieved
25(OH)D
concentration.

a marker
of vitamin
D status.

Cls within
some trial
arms.

within most
studies
comparing
different
levels of
vitamin D
supplementa
tion.

weeks in another study.”® A single dose of 100,000 IU
of vitamin D3 resulted in serum 25(OH)D levels of 92 at
2 weeks.” Single doses of 50,000 IU of vitamin D3
resulted in serum 25(OH)D levels of 154 and 62 nmol/L
at 1.5 and 14 weeks in one study,*® and 85 and 91
nmol/L at 8 and 14 weeks in the other study.”® Single
doses of 300,000 and 600,000 IU resulted in serum
25(OH)D levels of 16.1 and 17.6 nmol/L, respectively,
after 12 weeks.”” Other dose regimens, including weekly
or monthly doses of vitamin D, resulted in increased
25(0OH)D. 14,000 IU of vitamin D3 weekly to resulted in
mean 25(OH)D increased to 91.8 nmol/L in the vitamin
D;3 supplementation.'®

KQ3. Supplementation to post-partum mothers on infant serum

25(0H)D

4

RCTs

Some
limitations:
In 4 of 5
ROB
domains, at
least 50% of
trials were
assessed as
having some
or high ROB.

Serious
inconsistency:
Studies
reported
differences in
magnitude and
direction of
effect across
maternal
supplementati
on arms.

Indirect:
serum
25(OH)D,
a marker
of vitamin
D status.

Some
Imprecisi
on: Some
studies
with wide
ClIs or
small
sample
sizes.

Dose-
response
unable to
assess.

Breastfed infant serum 25(OH)D had decreased in one
maternal 1000 [U/d supplementation group in one
trial.’! Baseline serum 25(OH)D was not provided in the
other three trials; however, maternal supplementation of
400 IU daily resulted in higher infant serum 25(OH)D
compared to placebo at 14 weeks in one study,* and no
significant difference between maternal 6400 IU/d and
infant 300 IU/d (with maternal 400 1U/d)
supplementation in another study.*! In the last trial,
maternal supplementation of 1000 IU daily, but not
2000 IU daily, resulted in infant serum 25(OH)D
significantly lower than that of infants receiving direct
400 IU vitamin D2 daily at 8 weeks. This difference was
also significant at 15 weeks, but differences between the
other groups were not significant.”®

VERY
LOW

KQ3. Food interventions containing vitamin D on serum 25(OH)D
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effect
magnitude.

3 RCTs [Some Some Indirect: [Some Dose- Serum 25(OH)D decreased in groups receiving both
limitations: |inconsistency:|serum imprecisiofresponse fortified (with mean vitamin D dose of 466-486 TU/d)
100% of Studies 25(OH)D, |n: Some |[unable to  |and non-fortified food, although none of the changes
studies had  [reported a marker |[studies assess. were significant in one study.!® In a second study,
some or high [differences in |of vitamin [with wide fortified formula (400 IU/L) saw no significant increase
ROB in 2 the effect D status. |CIs or in serum 25(OH)D.* The last trial reported significant
ROB magnitude small increases in 25(OH)D after 12 weeks of food fortified VERY
domains. despite food sample with 1,000 IU daily and 400 IU daily in both fair- and LOW
intervention sizes. dark-skinned children, but no significant increase in the
arms groups receiving 80 IU daily in food.''?
containing
similar
amounts of
vitamin D.
KQ3. Combined vitamin D and calcium supplementation on infant serum 25(OH)D
3 RCTs [Some No serious Indirect: |Some Dose- In one study, serum 25(OH)D levels increased
limitations: |inconsistency:|serum imprecisiofresponse significantly more in the 200 IU/d of vitamin D3 plus
100% of Direction of [25(OH)D, [n: Studies [unable to  |700 mg/d of calcium supplementation group compared
studies had [|effect a marker |with wide [assess. to the calcium only group after 12 weeks (+12.7 nmol/L
some or high |consistent; of vitamin |ClIs. [5.09 ng/mL]; 95% CI 1.3, 24.1).!% In another study,
ROB in 3 unable to D status. mean serum 25(OH)D levels did not significantly differ
ROB assess between groups that received 30,000 IU once monthly
. i o . . VERY
domains. consistency of of vitamin D3 plus either 405 mg or 156 mg of calcium LOW

5 times weekly after 48 weeks; however, both groups
resulted in significantly higher 25(OH)D at the end of
the study.®! In the last study where both groups got 50
mg/kg/d of calcium supplementation, there was no
significant difference in mean serum 25(OH)D levels at
48 weeks between the 30,000 IU once weekly group and
the 4,000 1U/d group.

UL KQ1a. Adverse effects: hypercalcemia, hypercalciuria, nephrocalcinosis, mortality, and kidney stones
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47 RCTs,
single-
arm
interven
tions,
cohorts,
case-
cohorts,
nested
case-
controls
, CTOSS-
sectiona
1
studies,
and
case
reports

Some
limitations:
100% of
outcomes
from RCTs
have high or
some
concerns in at
least 2 ROB
domains

Some
inconsistency:
Studies
showed
consistency
among
hypercalcemia
outcome, but
inconsistency
among
hypercalciuria
outcome.
Other upper
limit outcomes
were unable to
be assessed
due to few
data (i.e.,
mortality,
nephrocalcinos

is).

Direct:
Clinical
outcomes.

Imprecise
: Rates of
upper limit
outcomes
are
variable
across
studies,
even
among
groups
with
similar
dose and
follow-up
durations.

Dose-
response is
present
within some
studies
assessing
hypercalcem
ia and

a

hypercalciuri

Hypercalcemia: Generally, the rate of hypercalcemia
increased with the dose of vitamin D administered;
however, the rate of hypercalcemia was variable, even
comparing the same or similar intervention dose and
durations.

Hypercalciuria: The rate of hypercalciuria was variable
among studies and interventions arms.

Other upper limit outcomes: few high-quality studies
reported on nephrocalcinosis, kidney stones, and
mortality.

VERY
LOW

BMC = bone mineral content; BMD = bone mineral density; CI = confidence interval; d = day; GRADE = Grading of Recommendations, Assessment, Development and

Evaluations; IU = international units; KQ = key question; RCT = randomized controlled trial; ROB = risk of bias; UL = upper limit; URTI = upper respiratory tract infection; VD=

Vitamin D
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