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ABSTRACT

Introduction Vitamin B, , (cobalamin) is crucial for optimal
child development and growth, yet deficiency is common
worldwide. The aim of this study is twofold; (1) to describe
vitamin B, status and the status of other micronutrients in
Norwegian infants, and (2) in a randomised controlled trial
(RCT), investigate the effect of vitamin B,, supplementation
on neurodevelopment in infants with subclinical vitamin
B,, deficiency.

Methods and analysis Infant blood samples,

collected at public healthcare clinics, are analysed

for plasma cobalamin levels. Infants with plasma
cobalamin <148 pmol/L are immediately treated with
hydroxocobalamin and excluded from the RCT. Remaining
infants (cobalamin >148 pmol/L) are randomly assigned
(ina 1:1 ratio) to either a screening or a control group. In
the screening group, baseline samples are immediately
analysed for total homocysteine (tHcy), while in the

control group, the baseline samples will be analysed

after 12 months. Screening group infants with plasma
tHey >6.5 pmol/L, are given an intramuscular injection of
hydroxocobalamin (400 pg). The primary outcomes are
cognitive, language and motor development assessed
using the Bayley Scales of Infant and Toddler Development
at 12 months of age.

Ethics and dissemination The study has been approved
by the Regional Committee for Medical and Health
Research Ethics (ref: 186505). Investigators who meet

the Vancouver requirements will be eligible for authorship
and be responsible for dissemination of study findings.
Results will extend current knowledge on consequences of
subclinical vitamin B, , deficiency during infancy and may
inform future infant feeding recommendations.

Trial registration number NCT05005897.

INTRODUCTION

Vitamin B,,

Vitamin B, (cobalamin) deficiency is
common in many low-income and middle-
income countries.' ? There is also evidence
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is a population-based randomised con-
trolled trial with an innovative design making the
results generalisable for the infant population in
Norway.

= Effects on child neurodevelopment will be assessed
using a comprehensive neurodevelopmental test
battery.

= The lack of blinding is a limitation of the study.

= Exclusion of infants with low cobalamin concentra-
tions can bias the effect estimates towards a null
effect.

that deficiency and subclinical deficiency may
be common in developed countries, particu-
larly among specific groups of the population,
such as vegans, vegetarians and the elderly.”
Poor vitamin B/, status has been described
in Norwegian infants and young children.*”
Observational studies link vitamin B, status
to neurodevelopment, growth and other
outcomes.*"!" Four randomised controlled
trials (RCT) have investigated the effect of
vitamin B, supplementation on neurode-
velopment and growth in children.’” '* ¥ Of
these, two facility-based RCTs among Norwe-
gian infants born with low birth weight or
with developmental delay, demonstrated that
a single intramuscular injection of 400pg
hydroxocobalamin substantially improved
short-term motor development.®” The two
other studies were population-based RCTs
in India and Nepal. In the Indian study,
where growth and neurodevelopment were
secondary outcomes, daily supplementation
with 1.8pg vitamin B, for 6 months resulted
in small, borderline significant, beneficial
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effects on neurodevelopment and growth.'” ' The study
in Nepal enrolled 600 infants who were supplemented
with 2pg vitamin B, or a placebo daily for 1year. While
vitamin B , supplementation had a substantial effect on
direct and indirect markers of B, status,14 no effects were
observed for growth, neurodevelopment or other clin-
ical outcomes.'*"® There are many potential reasons for
the heterogeneity of these results. Notably, there was a
substantial difference in the doses and mode of adminis-
tration; the two Norwegian studies provided a single intra-
muscular injection dose of 40011g,°” while the studies in
India and Nepal delivered daily, oral doses at around two
to three times the recommended dietary allowance for 6
and 12 months, respectively.'* ?

Measuring vitamin B,, status

Total plasma cobalamin (bound to transcobalamin and
haptocorrin) is the most commonly used marker of
vitamin B, status. "However, the functional markers, total
homocysteme (tHcy) and methylmalonic acid (MMA),
are considered more sensitive.'® Homocysteine re-meth-
ylation to methionine requires vitamin B, and folate,
and vitamin B, deﬁciency leads to elevated plasma tHcy
concentrations ? Vitamin B,, also functions as a cofactor
in the enzyme, methylmalonyl CoA mutase, which
links c1rculat1ng concentrations of MMA to vitamin B,
status.'” There is currently no consensus on an accepted
plasma cobalamin cut-off value for vitamin B, deficiency
although many use <148 pmol/L.* Slmilarly, there is no
agreed cut-off for plasma tHcy levels indicative of vitamin
B,, deficiency, but tHCy >6.5pmol/L has been used in
research to define impaired cobalamin function among
infants.® 7 Although plasma MMA is generally thought
to be a more specific functional indicator of vitamin B,
status, compared with tHcy, MMA is typically elevated and
highly variable during infancy and, accordingly, not well
suited for evaluating B, status during this period.*! #

Micronutrients and breast feeding

It is widely accepted that human milk alone provides almost
all necessary nutrients for the first 6months of life.* Glob-
ally, exclusive breast feeding and breast feeding duration is
associated with reduced prevalence and severity of infectious
diseases, gut inflammation and cognitive abilities.***® There
is also compelling evidence that human milk may have long-
term positive health effects for both the child, as well as the
mother, for example, by reducing risk of breast cancer.” *°
However, there are also reports suggesting that the status of
micronutrients, including vitamin B, is lower in exclusively
and predominantly breastfed children compared with non-
breastfed children.” Both the concentrations and bioavail-
ability of vitamin B , are higher in dairy products compared
with human milk. 28 While a positive association has been
observed between maternal vitamin B, intake and human
milk concentration in marginally nourished women,”
there is a paucity of evidence in well-nourished women.
One Norwegian study has described an association between
maternal vitamin B , status and infant status,30 but another

study found no association between maternal vitamin B,
intake and human milk B, concentrations.” Vitamin B
concentrations in human milk are highest in colostrum
and decrease during the lactation period.” If the infant’s
mother has had inadequate absorption or intake of vitamin
B, during pregnancy, the infant will have considerably
lower Vitamin B, stores and therefore be at higher risk of
deficiency.” Emerging evidence suggesting a link between
breast feeding, micronutrient status and in particular mild
vitamin B, deﬁc1ency, could challenge current breastfeeding
recommendatlons Breastfed infants may be more likely
to have subclinical vitamin B, deficiency that could poten-
tially affect their development and other health outcomes.
From this perspective, to recommend a prolonged period
(4-6 months) of exclusive or predominant breast feeding
may not be justified in a Norwegian context. Thus, there is
aneed to more robustly investigate infant vitamin B, status,
the effect of breast feeding and the potential implications of
subclinical vitamin B , deficiency during infancy for develop-
ment and long-term health.

The aim of this study is twofold; (1) to describe vitamin
B, status and the status of other micronutrients in Norwe-
gian infants, and (2) in an RCT, investigate the effect of
vitamin B,, supplementation on neurodevelopment in
infants with subclinical vitamin B,, deficiency. Due to
ethical reasons, it is not possible to randomise those with
known subclinical vitamin B,, deficiency into a placebo
group. Accordingly, many nutritional RCTs enrol partic-
ipants who are not deficient and whose participation
dilutes the effect of the intervention increasing the risk of
a type II error (ie, causing clinically relevant effects sizes
to be overlooked). Moreover, since this study will provide
high doses and parenteral administration, we will target
only those with biochemical signs of subclinical vitamin
B,, deficiency and not all infants.

Additional exposures and outcomes, such as early
markers of chronic disease, exposure to environmental
contaminants, inflammation, epigenetics and long-term
consequences will also be addressed in the observational
cohort study.

Aims and primary objectives

Aim 1

Describe vitamin B, status and the status of other micro-
nutrients in Norwegian infants and explore risks for poor
status in an observational design.

Primary objectives

1. Measure vitamin B,, status using plasma cobalamin
and tHcy in Norwegian infants.

2. Describe risk factors for subclinical vitamin B,, defi-
ciency in Norwegian infants.

Aim 2

Within an RCT design investigate the effect of
providing a high-dose vitamin B, injection (400ng)
to infants with subclinical vitamin B, deficiency on
neurodevelopment.
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Primary objective

1. Among infants with subclinical vitamin B,, deficien-
cy (defined as plasma tHcy >6.5pmol/L) investi-
gate the effect of a single intramuscular injection of
400pg hydroxocobalamin, given when the child is
6—-12 weeks old, on Bayley Scale of Infant and Toddler
Development—3rd edition scores at 12 months of age.

Secondary objectives

1. Investigate the effect of the intervention on other
(neuro)developmental outcomes such as eye-tracking,
cardiac vagal tone and Ages and Stages Questionnaire
(ASQ) at 6 ad 12 months of age.

2. Measure the effect of the intervention on linear growth
at 12 months.

3. Measure the status of several nutrients in pregnancy
and during the first year of life, including markers of
folate, iron (ferritin, transferrin receptor), iodine (thy-
roglobulin) and vitamin D.

4. Measure the status of several nutrients in human milk.

5. Measure the status of iodine and thyroid function in
mothers and their infants.

6. Investigate the extent to which different micronutri-
ents deficiencies and thyroid dysfunction are associat-
ed with poor growth and neurodevelopment.

7. Evaluate the relationship between the status of several
nutrients and inflammation and immune function in
mothers and their infants.

8. Investigate the long-term effect of 400pg hydroxo-
cobalamin injection on neurodevelopment, growth
and markers of non-communicable diseases during
childhood.

METHODS

Study setting, recruitment and participants

This protocol paper is based on the study protocol V.1.2
dated 22 June 2021. All versions of the protocol will be
available on request. We keep a log of the amendments
to the protocol which will also be made publicly avail-
able. The study is organised through Innlandet Hospital
Trust (IHT), Norway, in collaboration with Inland
Norway University of Applied Sciences, Department of
Psychology, and Public Healthcare Clinics. The project is
linked with a birth registry cohort entitled the Innlandet
Health Registry for Offspring and Parents (IHOP) and
a maternal and child research biobank (MoBI biobank).
The study population consist of infants born in Innlandet
County in Norway. Parents are informed and recruited
to IHOP during their routine pregnancy ultrasound scan
at around 18 weeks of gestation. We obtain informed
consent from both parents.

After birth, at the infant’s 6-12week visit to the public
healthcare clinic, the study staff invite all mother—infant
pairs to the observational cohort study and the vitamin
B,, RCT, and a new informed consent is obtained. For
the RCT part of the study, we have some additional eligi-
bility and exclusion criteria. In addition to availability

of informed consent, to participate the families must
plan to reside in the defined study area for the next 12
months. Infants with severe systemic illness requiring
hospitalisation, growth retardation or severe congenital
malformations are excluded from the RCT. Further-
more, infants with vitamin B, deficiency defined by
plasma cobalamin concentration <148pmol/L are
excluded from the RCT, treated immediately for vitamin
B,, deficiency and included only in the observational
cohort study.

Study design and intervention

For Aim 1 and many of the secondary objectives, we
use an observational design where all participants are
included in the cohort study. For Aim 2, we implement
an alternative RCT design, as described in figure 1. Prior
to randomisation and as part of the screening process a
blood sample is drawn from all infants in the study which
is analysed for plasma cobalamin concentration. Table 1
describes the definitions we use in this study.33 Those
with vitamin B, deficiency (defined as plasma cobalamin
<148 pmol/L) are immediately treated with an intra-
muscular injection of hydroxocobalamin (400pg) and
excluded from the RCT, but remain in the observational
cohort study. Infants with plasma cobalamin >148 pmol/L
are randomised (in a 1:1 ratio) to either the screening or
the control group. In the screening group, blood samples
are analysed for plasma tHcy immediately, while in the
control group samples are analysed 12 months after
enrolment in the RCT. If plasma tHcy is elevated (tHcy
>6.5 pmol/L) in the screening group, the infant is treated
with an intramuscular injection of 400 pg hydroxocobal-
amin. This design allows us to study the effects of the
intervention in infants with subclinical vitamin B,, defi-
ciency (tHcy >6.5pmol/L) without violating the principle
of clinical equipoise, while simultaneously ensuring that
infants with vitamin B, deficiency (plasma cobalamin
<148 pmol/L) receive treatment.

Rationale for choosing plasma tHcy to define subclinical
vitamin B, deficiency

A plasma tHcy concentration of >6.5 pmol/L was chosen
since this level was previously suggested as a cut-off for
defining subclinical vitamin B,, deficiency in infants.*
This concentration represented the 97.5 percentile in
infants who were given a single intramuscular injection of
400 pg of hydroxocobalamin at 6 weeks of age, to render
them B, replete.*

Rationale for choosing 400 pg dose of hydroxocobalamin

The 400pg dose of hydroxocobalamin has been used
in previous RCTs among infants without any observed
adverse effect.” Nonetheless, we will closely follow all the
children who receive intramuscular injection to ensure
optimal safety and detailed reporting of any adverse
events. Study personnel administer hydroxocobalamin
injections at participating healthcare clinics.
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Inclusion at health care clinic
at 6-10 weeks of age
Informed consent and

baseline data collection

Infants with cobalamin
<148 pmol/L are treated
and excluded from the trial

Randomization 1:1

Allocation to screening group
Analyze tHcy immediately
and intervention when deficient
(tHcy >6.5 umol/L) with i.m.
injection of 400 pg cobalamin

\4
6 months of age
and
12 months of age

\ 4

Deficient and treated:
Intervention group, n=300

Figure 1

Allocation

K

.

.

.

.

.
‘e

Allocation to control group
Analyze tHcy later

\ 4

6 months of age
and

12 months of age

Deficient and NOT treated:
Control group, n=300

Study flow chart of the randomised controlled trial with vitamin B,, supplementation to children with subclinical

vitamin B,, deficiency. i.m., intramuscular injection; tHcy, total homocysteine.

Randomisation, concealment of allocation and blinding
Randomisation is performed by an independent
researcher otherwise not involved in the study using
a computer-generated randomisation list. Infants are
randomised in a 1:1 ratio in random block sizes between
2 and 8. The allocation is concealed from the study team,
and only the researcher responsible for the analyses of
plasma tHcy has access to the randomisation list. Primary
outcome assessors are blinded from treatment arm,
and parents are requested to not reveal to the assessors
whether their infant has received an injection.

Table 1 Vitamin B,, status definitions used in the present
study®

Vitamin B,, deficiency Plasma cobalamin <148 pmol/L.

Subclinical vitamin B,,  Plasma tHcy >6.5umol/L and
deficiency plasma cobalamin >148 pmol/L.
Adequate vitamin B,, Plasma tHcy <6.5pmol/L and
status plasma cobalamin >148 pmol/L.

tHcy, total homocysteine.

Sample size justification

We anticipate following 85% of the enrolled participants
with signs of subclinical vitamin B,, deficiency until the
main outcome is assessed at 1year. For an effect size of
0.25 SD, results from 500 infants are required to achieve
a statistical power of 80%. We will therefore target 600
infants (500/(1-0.15)=588). Sample sizes or different
scenarios for the various effects are shown in figure 2.
The power to detect differences between the study groups
are larger for larger effect sizes. In our estimations we
assume a two-sided significance level of 0.05. The calcu-
lations were performed using Stata V.16 using the ‘power
twomeans’ command.

In this study we will compare cognitive development
assessed at 1year, between infants with subclinical vitamin
B,, deficiency at baseline treated with hydroxocobalamin
(n=300) versus infants with untreated subclinical vitamin
B, deficiency (n=300).

Previous studies from Norway have indicated that
approximately 8% of infants have vitamin B, deficiency,
and 46-79% have subclinical deficiency.’* & We will use

the same biomarker and cut-off to define subclinical
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Figure 2 Estimated required total sample sizes for the randomised controlled trial according to different standardised mean

differences.

vitamin B,, deficiency, but anticipate the proportion of
infants may be different in our population-based sample.
To reach the goal of including 600 infants with subclin-
ical vitamin B , deficiency, we have chosen to target 2400
infants. This will be sufficient even if only one-third of
screened infants have signs of subclinical vitamin B, defi-
ciency (tHcy>6.5pmol/L).

Study procedure and outcomes

Data collection procedures are described in table 2. The
first participant was enrolled in the RCT in November
2021, and we plan to continue to enrol participants for
at least 2years. Data collection of the primary outcomes
will be completed approximately lyear after the last
enrolment. The participants are enrolled through public
healthcare centres, and we also use these facilities to
ensure minimum dropouts throughout the study period.
Our study team, which consists of medical doctors,
midwives, clinical nutritionists, nurses and other certified
health personnel, will maintain contact with the partici-
pants, again optimising study participants’ retention. We
also use a digital tool recording all scheduled activities in
this project.

Blood sampling, processing and analysis

Phlebotomy trained study personnel collectavenous blood
sample from enrolled infants at the routine 6-12 week visit
to the public healthcare clinics. A maximum of 2.6 mL
K2EDTA blood is drawn from the dorsal metacarpal veins
(the back of the hand) by open venous sampling.37 If
unable to collect a venous blood sample, capillary blood
is collected using a heel lance procedure. A maximum of
four attempts are made before the child is excluded from
the study. An oral sugar solution is administered before
blood sampling for analgesic effects. Within 30min of
blood sampling, the K2ZEDTA blood sample is centrifuged,

plasma is harvested and stored at 4°C in cryogenic storage
tubes which are shipped to IHT at Lillehammer for
storage and further processing. The samples are stored
long-term at ~80°C in the MoBI biobank at IHT, except
for an aliquot of plasma which is analysed for cobalamin
on the same day as blood collection using accredited
methods at the clinical laboratory at IHT. A frozen aliquot
from each participant is shipped to an external laboratory
(bevital.no) where cobalamin, tHcy, folate as well as other
relevant biomarkers reflecting micronutrient status and
inflammation activities are measured (figure 1).

Assessment of child development

The neurodevelopmental assessments are administered
by trained testers supervised by experienced psychologists.
In addition, parents are asked to complete questionnaires
assessing child development. In this study we wanted to
assess neurodevelopment as late as possible to improve
reliability.” * The following tests are administered:

Bayley Scale of Infant and Toddler Development—3rd edition
(Bayley-3). Bayley-3 is a comprehensive assessment tool
of early child development in infants and toddlers aged
1-42 months.” The Bayley-3 has a Norwegian validated
version; it is administered directly with the child and
provides comprehensive information on various aspects
of development, such as cognition, language, fine and
gross motor abilities. The Bayley-3 is considered by many
to be the gold standard for developmental assessment of
infants and young children and is widely used to evaluate
the effect of interventions in early childhood."’ Bayley-3 is
administered at 12 months.

Eye tracking is a sensitive and specific method for inves-
tigating subtle delays or deficits in development*' using
the eye’s reflection of near infrared light to assess ocular
motor control and the efficacy of processing visual
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Table 2 Schedule for events in the register-based adaptive randomised trial

Pregnancy

Months in infancy

1 2 3 1

2

3 4 5 6 7 8 9 10 11

Informed consent *
Data collection in pregnancy
Demographics
Maternal samples (blood and urine)

X X X X

Anthropometry
Baseline data collection for the RCT
Infant samples (blood and urine)t

Maternal samples (blood, urine and
human milk)

Anthropometry of infant

Dietary assessments (24-hour recall
and/or FFQ)

Maternal mental health§
Allocation (screening or control group)
Intervention (hydroxocobalamin
injection)
Neurodevelopmentq]

T

*Information about the study and first consent during the first ultrasonography.
TAt approximately 4 weeks postpartum we ask eligible mother-infant pairs to participate in the RCT at the healthcare clinics.
$One blood sample is drawn at 6-12 weeks of age. Children with identified vitamin B, deficiency or subclinical vitamin B,, deficiency will

repeat the blood sample at 12 months.
§Edinburgh Postnatal Depression Scale.

{IParent-reported Ages and Stages Questionnaire at 6 and 12 months, test-team administrated Bayley Scales of Infant and Toddler

Development, eye-tracking and heart rate variability at 12 months of age.

**Infants in the screening group with elevated plasma tHcy (>6.5 pmol/L) are treated with an intramuscular injection of hydroxocobalamin

(400 pg) at 6-12 weeks of age.

FFQ, Food Frequency Questionnaire; RCT, randomised controlled trial; tHcy, total homocysteine.

information.* The method has been validated for use in
children aged 2 months and older.* It can assess infants’
visual acuity, visuospatial orientation as well as attention to
social cues. These skills provide building blocks for more
complex cognitive systems and have been found to predict
later neurodevelopment.** Three tests of early cognitive
function are administered: A visual search task to assess
attention and visual orientation abilities, a learning task
to assess visuospatial memory functioning across modali-
ties and a social interaction task to assess social cognition.
In addition, basic ocular motor functions (saccades and
smooth pursuit) are tested by showing alternating and
moving objects.

Heart rate variability or cardiac vagal tone is an index
of the parasympathetic nervous system and can serve as
a psychophysiological marker for emotion regulation in
both children and adults.*” Measuring heart rate changes
during stimulus presentation is an effective way to assess
the alerting and attentional systems of infants." Vagal
tone is influenced by the prefrontal cortex and has been
associated with emotion, cognitive and social adapt-
ability.” As such, vagal tone can serve as an important
indicator of early neurodevelopment. Vagal tone activity

is measured by recording infants’ cardiac activity while
watching a short video.

Ages and stages questionnaire—3rd edition (ASQ-3). The
ASQ-3 is an easily administered checklist of child devel-
opment standardised for children aged 1-66 months.*
The questionnaires contain age-appropriate questions
with 2-3 months intervals. Each questionnaire contains
30 items assessing five domains: communication, gross
motor, fine motor, problems solving and personal social.
In addition to the ASQ-3, the Ages and Stages Question-
naire: Social and Emotional (ASQ:SE) is administered to
assess social and emotional difficulties. To assess develop-
mental trajectories, we ask parents to fill out the ASQ-3,
and ASQ:SE at 6 months and 12 months.

Other study variables

We collect additional data on socioeconomic status,
maternal micronutrient status during pregnancy, obstetric
history, breast feeding and maternal mental health. Infant
weight and length will be measured at scheduled controls
at the public healthcare clinics at baseline (6-12 weeks),
6 months, 9 months and at 12 months of age. We also
administer a 24-hour dietary recall and food frequency

6
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questionnaires to gather information on maternal dietary
habits and infants’ food and drink intake.

Training and quality control

The study team arranges Bayley-3 training workshops for
testers responsible for assessing children in the study.
The testers are trained and standardised in performing
the Bayley-3 ahead of starting the study assessment proce-
dures. To ensure good interobserver agreement, 10% of
all sessions are scored by two testers.

Data management and analysis

The collected data is stored on services for sensitive data
(TSD) and the research server at IHT. Both servers are
approved for storing and managing sensitive data and
personal information. Only selected researchers have
access to the data through the institutions mentioned in
this application. Data will not be made public, but access
to the data can be granted through a formal applica-
tion process ensuring privacy and integrity of data. The
statistical software packages Stata and R will be used to
analyse the data. A detailed plan of analysis for the main
and secondary outcomes will be made prior to data
analysis. Data cleaning, definition of outcome variables,
exclusion of cases, as well as programming of scripts in
the statistical packages, will also be performed before
the analysis-files are merged with the randomisation lists.
The intervention groups will be coded so the researchers
do not know the group identities until the main analyses
are completed. The analyses will be planned and under-
taken in a joint workshop attended by the researchers
involved. All analyses will initially be undertaken on an
intention-to-treat-basis. All randomised participants with
complete data on primary outcomes will be included in
the analyses. For the observational cohort design, we will
also begin by planning the analyses where the research
questions, exposures and outcomes are clearly defined.
We will use multiple regression models for dichotomous
and continuous outcome variables adjusting for relevant
confounders. We will also explore the relation between
the relevant exposure variables and outcomes in non-
linear models such as generalised additive models.

Monitoring

The datamonitoring committee consists of three members
independent from the study team. They are scheduled
to meet twice each year where they are informed about
adverse events and the study progress. They can also
request an interim analysis before the required sample
size has been met.

Patient and public involvement

Public healthcare nurses participate throughout the
study through regular meetings with the research team.
Through this collaboration we have the opportunity to
receive valuable feedback on various aspects concerning
the conduct of the study, such as the enrolment proce-
dures, relevant information to be provided ahead of study
start, as well as practicalities in the study implementation.

We will also discuss our findings and get valuable input on
the interpretation and communication of results.

ETHICS AND DISSEMINATION

Ethical considerations

The study is undertaken in accordance with the Helsinki
Declaration and Oviedo Convention including clinical
trial registration. Relevant ethical approval has been
obtained from the regional Human Research Ethics
Committee (REK; ref: 186505). Informed written consent
is collected from all participants prior to participation.
Participants are informed that participation in the study
is voluntary and can be terminated at any time. All partic-
ipants are given time and encouraged to ask questions
and raise potential concerns. The study results and data
collected are strictly confidential and only unidentifi-
able data will be used for evaluations. The biological
samples are stored in the registered biobank ‘MoBI-Bio-
bank’ (Biobank # 3792 Mor og Barn i Innlandet) which
has been approved by REK. To reduce discomfort for
the infant, the sampling of venous blood is performed
by trained and experienced health personnel. All neuro-
developmental tests are performed in an age adequate
way without stress for the infants. Even though no clin-
ical evaluation of child development is performed during
the study, the use of neurodevelopmental tests makes it
possible to detect developmental delays. In the case that
serious delays that are not caused by a pre-known health
condition are detected, children will be referred to
appropriate health professionals for further evaluation.
If severe deficiencies or other signs of illness are detected
among the enrolled children, they will be referred to the
study physician who is a paediatrician. Infants receiving
hydroxocobalamin intervention are monitored closely
after the injection to ensure they do not develop any
reactions. A scientific advisory group consisting of repre-
sentatives from the user group, paediatricians, nutrition-
ists and epidemiologists otherwise not involved in the
project has been established prior to recruiting the first
child. The advisory group provides advice on the design,
dose, inclusion and exclusion criteria. Investigators who
have contributed to conceptualising and conducting the
study, as well as being involved in the data analyses and
manuscript writing will be eligible for authorship and be
responsible for dissemination of the study findings.

DISCUSSION

This proposed study will report the vitamin B, status of
up to 2400 infants and investigate the effect of injection
of hydroxocobalamin (vitamin B, supplementation)
at 6-12 weeks on child developmental outcomes at 12
months. The lack of or limited effect of B, supplemen-
tation in previous RCTs may be due to too low doses,
short supplementation duration or timing of the inter-
vention. The two previously mentioned small RCTs in
clinical populations found substantial beneficial effects
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of high-dose hydroxocobalamin. However, it is difficult
to justify high-dose interventions among infants with no
clinical or biochemical signs of insufficiency or deficiency.
Further if infants with mild deficiency or clinical signs of
poor status are identified and randomised to the placebo
arm, we will violate the principle of clinical equipoise. It
should also be noted that the measurement of vitamin B ,
status is challenging, with no single biomarker capable
of being used as an unequivocal indicator of B, status
or deficiency. Although total plasma cobalamin is the
most commonly used marker of vitamin B, status, it lacks
sensitivity as a functional marker of B, status compared
with tHcy, MMA or holotranscobalamin.*’ However,
while tHcy may be a more sensitive marker, it can lack
specificity, since tHcy concentrations can be influenced
by factors other than vitamin B, status, including folate
status, age, smoking and genetics.*® While this project will
use only plasma cobalamin and tHcy to screen at baseline,
we will also measure multiple biomarkers involved in one-
carbon metabolism providing the opportunity to investi-
gate other potential functional biomarkers of vitamin B ,
status in infants, such as cystathionine.

The balance between avoiding the provision of high-
doses of hydroxocobalamin to B, replete individuals
and randomising vitamin B, deficient individuals to
a placebo group, was the reason we chose a screening
design for this RCT. However, REK initially did not
approve the protocols based on the principle of clinical
equipoise. We appealed their decision and following an
additional review, REK upheld their decision. Following
an appeal to the National Committee for Medical and
Health Research (NEM), the study was approved in June
2021. Due to the initial concern raised by REK, we added
the first screening step in order to screen out (exclude)
and treat all infants with plasma cobalamin concentration
<148 pmol/L.

This project will contribute to better understanding of
the relationship between nutrition, growth and neurode-
velopment, which in turn may influence public healthcare
and nutrition policies. The widely accepted recommenda-
tion of exclusive breast feeding for 6 months is challenged
by claims that exclusive breast feeding beyond 3—4 months
increases the risk of certain micronutrient deficiencies,
which may impact health and development.”” Through
our involvement in decision-making public bodies, we
will ensure rapid dissemination of our study results to
relevant local and national health authorities.

Author affiliations

"Women’s Clinic, Innlandet Hospital Trust, Brumunddal, Norway

%Center for International Health, University of Bergen, Bergen, Norway
®Department of Pediatrics, Innlandet Hospital Trust, Brumunddal, Norway
“Department of Clinical Medicine, University of Oslo, Oslo, Norway
SDepartment of Medical Biochemistry and Blood Bank Laboratory Services,
Innlandet Hospital Trust, Brumunddal, Norway

SDepartment of Biotechnology, Inland Norway University of Applied Sciences,
Elverum, Norway

"Department of Psychology, Inland Norway University of Applied Sciences, Elverum,
Norway

®Department of Research, Innlandet Hospital Trust, Brumunddal, Norway

Twitter Mads Nikolaj Holten-Andersen @madsholtenA

Contributors TAS, KSB, IK and CK conceived the study, contributed to study design
and sample size calculations. TAS, KSB, IK, CK and EE contributed to the analytical
plans and TAS, SMGB, IK, KSB and CK drafted the manuscript. TAS, KSB, CK, EE,
SMGB, SK, BSS, MNH-A and AM have assisted in developing the protocol, initiated
the project and contributed to the implementation. TAS, KSB, IK, CK and EE acquired
funding. All authors have read and approved the final manuscript.

Funding This work was supported by South-Eastern Norway Regional Health
Authority and Innlandet Hospital Trust grant number (2020096), a grant through
Innlandet Hospital Trust (150455) and a grant from the Norwegian Regional
research funds (332775).

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Kjersti S Bakken http://orcid.org/0000-0001-9308-3367

Ingrid Kvestad http://orcid.org/0000-0002-7737-1497

Sol Maja Graasvold Bjerkevoll http://orcid.org/0000-0003-0340-8506
Beate Stokke Solvik http://orcid.org/0000-0002-4838-0239

Siri Kaldenbach http://orcid.org/0000-0001-8702-8943

Adrian McCann http://orcid.org/0000-0002-5728-5321

Mads Nikolaj Holten-Andersen http://orcid.org/0000-0001-9838-1072
Elisabeth Ersvaer http://orcid.org/0000-0002-9617-9329

Carolien Konijnenberg http://orcid.org/0000-0001-5732-5488

Tor A Strand http://orcid.org/0000-0002-4038-151X

REFERENCES

1 Allen LH. Causes of vitamin B12 and folate deficiency. Food Nutr Bull
2008;29(2 Suppl):S20-34;

2 Samuel TM, Duggan C, Thomas T, et al. Vitamin B (12) intake and
status in early pregnancy among urban South Indian women. Ann
Nutr Metab 2013;62:113-22.

3 Pawlak R, Parrott SJ, Raj S, et al. How prevalent is vitamin B (12)
deficiency among vegetarians? Nutr Rev 2013;71:110-7.

4 Bjorke-Monsen A-L, Torsvik |, Saetran H, et al. Common metabolic
profile in infants indicating impaired cobalamin status responds to
cobalamin supplementation. Pediatrics 2008;122:83-91.

5 Hay G, Johnston C, Whitelaw A, et al. Folate and cobalamin status
in relation to breastfeeding and weaning in healthy infants. Am J Clin
Nutr 2008;88:105-14.

6 Torsvik |, Ueland PM, Markestad T, et al. Cobalamin supplementation
improves motor development and regurgitations in infants:
results from a randomized intervention study. Am J Clin Nutr
2013;98:1233-40.

7 Torsvik IK, Ueland PM, Markestad T, et al. Motor development
related to duration of exclusive breastfeeding, B vitamin status and
B12 supplementation in infants with a birth weight between 2000-
3000 G, results from a randomized intervention trial. BMC Pediatr
2015;15:218:218.:.

8 Strand TA, Taneja S, Ueland PM, et al. Cobalamin and folate status
predicts mental development scores in North Indian children 12-18
Mo of age. Am J Clin Nutr 2013;97:310-7.

9 Dagnelie PC, van Staveren WA. Macrobiotic nutrition
and child health: results of a population-based, mixed-
longitudinal cohort study in the netherlands. Am J Clin Nutr
1994;59(5 Suppl):1187S-1196S.

10 Kvestad |, Hysing M, Shrestha M, et al. Vitamin B-12 status in infancy
is positively associated with development and cognitive functioning 5
Y later in Nepalese children. Am J Clin Nutr 2017;105:1122-31.

11 Louwman MW, van Dusseldorp M, van de Vijver FJ, et al. Signs of
impaired cognitive function in adolescents with marginal cobalamin
status. Am J Clin Nutr 2000;72:762-9.

Bakken KS, et al. BMJ Open 2023;13:€069102. doi:10.1136/bmjopen-2022-069102

"1ybuAdos Ag paroarold
"CINgG 11 Buebin Bap 116 18%81011q198SI9H e 202 ‘6T Arenuer uo jwod fwg uadolway/:dny woly papeojumod "€20z [Mdy 0Z U0 Z0T690-2202-uadolwa/9eTT 0T se paysiignd 1siy :uado NG


https://twitter.com/madsholtenA
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9308-3367
http://orcid.org/0000-0002-7737-1497
http://orcid.org/0000-0003-0340-8506
http://orcid.org/0000-0002-4838-0239
http://orcid.org/0000-0001-8702-8943
http://orcid.org/0000-0002-5728-5321
http://orcid.org/0000-0001-9838-1072
http://orcid.org/0000-0002-9617-9329
http://orcid.org/0000-0001-5732-5488
http://orcid.org/0000-0002-4038-151X
http://dx.doi.org/10.1177/15648265080292S105
http://dx.doi.org/10.1159/000345589
http://dx.doi.org/10.1159/000345589
http://dx.doi.org/10.1111/nure.12001
http://dx.doi.org/10.1542/peds.2007-2716
http://dx.doi.org/10.1093/ajcn/88.1.105
http://dx.doi.org/10.1093/ajcn/88.1.105
http://dx.doi.org/10.3945/ajcn.113.061549
http://dx.doi.org/10.1186/s12887-015-0533-2
http://dx.doi.org/10.3945/ajcn.111.032268
http://dx.doi.org/10.1093/ajcn/59.5.1187S
http://dx.doi.org/10.3945/ajcn.116.144931
http://dx.doi.org/10.1093/ajcn/72.3.762
http://bmjopen.bmj.com/

12

13

14

15

16

17

18

20

21

22

23

24

25

26

27

28

29

Kvestad I, Taneja S, Kumar T, et al. Vitamin B12 and folic acid
improve gross motor and problem-solving skills in young North
Indian children: a randomized placebo-controlled trial. PLoS One
2015;10:e0129915.

Strand TA, Taneja S, Kumar T, et al. Vitamin B-12, folic acid, and
growth in 6- to 30-month-old children: a randomized controlled trial.
Pediatrics 2015;135:€918-26.

Strand TA, Ulak M, Hysing M, et al. Effects of vitamin B12
supplementation on neurodevelopment and growth in nepalese
infants: a randomized controlled trial. PLoS Med 2020;17:e1003430.
Ulak M, Kvestad |, Chandyo RK, et al. The effect of infant

vitamin B12 supplementation on neurodevelopment: a follow-

up of a randomized placebo-controlled trial in Nepal. Br J Nutr
2022;129:1-18.

Hysing M, Strand TA, Chandyo RK, et al. The effect of vitamin
B12-supplementation on actigraphy measured sleep pattern; a
randomized control trial. Clin Nutr 2022;41:307-12.

Smith AD, Warren MJ, Refsum H. Vitamin B(12). Adv Food Nutr Res
2018;83:215-79.

Allen RH, Stabler SP, Savage DG, et al. Diagnosis of cobalamin
deficiency I: usefulness of serum methylmalonic acid and total
homocysteine concentrations. Am J Hematol 1990;34:90-8.

Molloy AM. Should vitamin B12 status be considered in assessing
risk of neural tube defects? Ann N Y Acad Sci 2018;1414:109-25.
Aparicio-Ugarriza R, Palacios G, Alder M, et al. A review of the cut-
off points for the diagnosis of vitamin B12 deficiency in the general
population. Clin Chem Lab Med 2015;53:1149-59.

Taneja S, Bhandari N, Strand TA, et al. Cobalamin and folate status in
infants and young children in a low-to-middle income community in
India. Am J Clin Nutr 2007;86:1302-9.

Monsen A-LB, Refsum H, Markestad T, et al. Cobalamin status and
its biochemical markers methylmalonic acid and homocysteine

in different age groups from 4 days to 19 years. Clin Chem
2003;49:2067-75.

Meek JY, Noble LSection on BreastfeedingPolicy statement:
breastfeeding and the use of human milk. Pediatrics
2022;150:€2022057988.

Victora CG, Horta BL, Loret de Mola C, et al. Association between
breastfeeding and intelligence, educational attainment, and income
at 30 years of age: a prospective birth cohort study from brazil.
Lancet Glob Health 2015;3:199-205.

Victora CG, Bahl R, Barros AJD, et al. Breastfeeding in the 21st
century: epidemiology, mechanisms, and lifelong effect. Lancet
2016;387:475-90.

Horta BL, Loret de Mola C, Victora CG. Long-term consequences
of breastfeeding on cholesterol, obesity, systolic blood pressure
and type 2 diabetes: a systematic review and meta-analysis. Acta
Paedliatr 2015;104:30-7.

Tucker KL, Rich S, Rosenberg |, et al. Plasma vitamin B-12
concentrations relate to intake source in the framingham offspring
study. Am J Clin Nutr 2000;71:514-22.

Greibe E, Lildballe DL, Streym S, et al. Cobalamin and haptocorrin in
human milk and cobalamin-related variables in mother and child: a
9-mo longitudinal study. Am J Clin Nutr 2013;98:389-95.

Dror DK, Allen LH. Vitamin B-12 in human milk: A systematic review.
Adv Nutr 2018;9(suppl_1):358S-366S.

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Varsi K, Ueland PM, Torsvik IK, et al. Maternal serum cobalamin

at 18 weeks of pregnancy predicts infant cobalamin status

at 6 months-A prospective, observational study. J Nutr
2018;148:738-45.

Henjum S, Manger M, Hampel D, et al. Vitamin B12 concentrations in
milk from Norwegian women during the six first months of lactation.
Eur J Clin Nutr 2020;74:749-56.

Bjerke-Monsen A-L. Is exclusive breastfeeding ensuring an optimal
micronutrient status and psychomotor development in infants? Clin
Biochem 2014;47:714.

Green R, Allen LH, Bjorke-Monsen A-L, et al. Vitamin B12 deficiency.
Nat Rev Dis Primers 2017;3:17040.

Torsvik IK, Markestad T, Ueland PM, et al. Evaluating iron status and
the risk of anemia in young infants using erythrocyte parameters.
Pediatr Res 2013;73:214-20.

Bjerke Monsen AL, Ueland PM, Vollset SE, et al. Determinants of
cobalamin status in newborns. Pediatrics 2001;108:624-30.
Ljungblad UW, Paulsen H, Merkrid L, et al. The prevalence and
clinical relevance of hyperhomocysteinemia suggesting vitamin

B12 deficiency in presumed healthy infants. Eur J Paediatr Neurol
2021;35:137-46.

Shah VS, Ohlsson A. Venepuncture versus heel lance for blood
sampling in term neonates. Cochrane Database Syst Rev 2011;2011.
Mansson J, Stjernqvist K, Serenius F, et al. Agreement between
bayley-lll measurements and WISC-IV measurements in typically
developing children. Journal of Psychoeducational Assessment
2019;37:603-16.

Kvestad |, Hysing M, Ranjitkar S, et al. The stability of the bayley
scales in early childhood and its relationship with future intellectual
abilities in a low to middle income country. Early Hum Dev
2022;170:105610.

Weiss LG, Oakland T, Aylward GP. Bayley-Ill clinical use and
interpretation. London: Academic, 2010.

Brito NH, Fifer WP, Amso D, et al. Beyond the bayley: neurocognitive
assessments of development during infancy and toddlerhood. Dev
Neuropsychol 2019;44:220-47.

Pel JUM, Dudink J, Vonk M, et al. Early identification of cerebral
visual impairments in infants born extremely preterm. Dev Med Child
Neurol 2016;58:1030-5.

Gredeback G, Johnson S, von Hofsten C. Eye tracking in infancy
research. Dev Neuropsychol 2010;35:1-19.

Kaul YF, Rosander K, von Hofsten C, et al. Visual tracking in very
preterm infants at 4 mo predicts neurodevelopment at 3 y of age.
Pediatr Res 2016;80:35-42.

Graziano P, Derefinko K. Cardiac vagal control and children’s
adaptive functioning: a meta-analysis. Biol Psychol 2013;94:22-37.
Squires J, Ages BD. Ages & stages questionnaires [R], (ASQ-3 [TM]):
A parent-completed child-monitoring system. Brookes Publishing
Company, 2009.

Allen LH, Miller JW, de Groot L, et al. Biomarkers of nutrition

for development (bond): vitamin B-12 review. J Nutr
2018;148(suppl_4):suppl_4):1995S-2027S.:.

Carmel R. Biomarkers of cobalamin (vitamin B-12) status in the
epidemiologic setting: a critical overview of context, applications,
and performance characteristics of cobalamin, methylmalonic acid,
and holotranscobalamin Il. Am J Clin Nutr 2011;94:348S-3588S.

Bakken KS, et al. BMJ Open 2023;13:€069102. doi:10.1136/bmjopen-2022-069102

"1ybuAdos Ag paroarold
"CINgG 11 Buebin Bap 116 18%81011q198SI9H e 202 ‘6T Arenuer uo jwod fwg uadolway/:dny woly papeojumod "€20z [Mdy 0Z U0 Z0T690-2202-uadolwa/9eTT 0T se paysiignd 1siy :uado NG


http://dx.doi.org/10.1371/journal.pone.0129915
http://dx.doi.org/10.1542/peds.2014-1848
http://dx.doi.org/10.1371/journal.pmed.1003430
http://dx.doi.org/10.1017/S0007114522000071
http://dx.doi.org/10.1016/j.clnu.2021.11.040
http://dx.doi.org/10.1016/bs.afnr.2017.11.005
http://dx.doi.org/10.1002/ajh.2830340204
http://dx.doi.org/10.1111/nyas.13574
http://dx.doi.org/10.1515/cclm-2014-0784
http://dx.doi.org/10.1093/ajcn/86.5.1302
http://dx.doi.org/10.1373/clinchem.2003.019869
http://dx.doi.org/10.1542/peds.2022-057988
http://dx.doi.org/10.1016/S2214-109X(15)70002-1
http://dx.doi.org/10.1016/S0140-6736(15)01024-7
http://dx.doi.org/10.1111/apa.13133
http://dx.doi.org/10.1111/apa.13133
http://dx.doi.org/10.1093/ajcn/71.2.514
http://dx.doi.org/10.3945/ajcn.113.058479
http://dx.doi.org/10.1093/advances/nmx019
http://dx.doi.org/10.1093/jn/nxy028
http://dx.doi.org/10.1038/s41430-020-0567-x
http://dx.doi.org/10.1016/j.clinbiochem.2014.05.022
http://dx.doi.org/10.1016/j.clinbiochem.2014.05.022
http://dx.doi.org/10.1038/nrdp.2017.40
http://dx.doi.org/10.1038/pr.2012.162
http://dx.doi.org/10.1542/peds.108.3.624
http://dx.doi.org/10.1016/j.ejpn.2021.10.008
http://dx.doi.org/10.1002/14651858.CD001452.pub4
http://dx.doi.org/10.1177/0734282918781431
http://dx.doi.org/10.1016/j.earlhumdev.2022.105610
http://dx.doi.org/10.1080/87565641.2018.1564310
http://dx.doi.org/10.1080/87565641.2018.1564310
http://dx.doi.org/10.1111/dmcn.13115
http://dx.doi.org/10.1111/dmcn.13115
http://dx.doi.org/10.1080/87565640903325758
http://dx.doi.org/10.1038/pr.2016.37
http://dx.doi.org/10.1016/j.biopsycho.2013.04.011
http://dx.doi.org/10.1093/jn/nxy201
http://dx.doi.org/10.3945/ajcn.111.013441
http://bmjopen.bmj.com/

	Vitamin B﻿12﻿ status in infancy and the effect of a vitamin B﻿12﻿ injection in infants with subclinical vitamin B﻿12﻿ deficiency: study protocol for a register-­based randomised controlled trial
	Abstract
	Introduction﻿﻿
	Vitamin B﻿12﻿
	Measuring vitamin ﻿B﻿12﻿﻿ status
	Micronutrients and breast feeding
	Aims and primary objectives
	Aim 1
	Primary objectives

	Aim 2
	Primary objective


	Secondary objectives

	Methods
	Study setting, recruitment and participants
	Study design and intervention
	Rationale for choosing plasma tHcy to define subclinical vitamin ﻿B﻿12﻿﻿ deficiency
	Rationale for choosing 400 µg dose of hydroxocobalamin
	Randomisation, concealment of allocation and blinding
	Sample size justification
	Study procedure and outcomes
	Blood sampling, processing and analysis
	Assessment of child development
	Other study variables

	Training and quality control
	Data management and analysis
	Monitoring
	Patient and public involvement

	Ethics and dissemination
	Ethical considerations

	Discussion
	References


