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ABSTRACT

Background Vitamin D insufficiency (VDI) may be a
factor in the development of type 1 diabetes (T1D). The aim
of this study is to investigate the presence and persistence
of VDI in a large cohort of infants with increased risk

of developing T1D, in light of the differences in local
supplementation guidelines.

Methods In the POInT Study, a multicentre primary
prevention study between February 2018 and March

2021 in Germany, Poland, Belgium, England and Sweden,
including infants aged 4—7 months at high genetic risk of
developing B-cell autoantibodies, vitamin D levels were
analysed at each study visit from inclusion (4—7 months)
until 3 years, with an interval of 2 months (first three visits)
or 4-6 months (visits 4-8). The protocol actively promotes
vitamin D sufficiency to optimise immune tolerance. VDI
was defined as a concentration below 30 ng/mL and

was treated according to local guidelines of participating
centres. Recovery from VDI was defined as a concentration
above or equal to 30 ng/mL on the subsequent visit after
VDI.

Results 1050 infants were included, of which 5937
vitamin D levels were available for analyses. VDI was
observed in 1464 (24.7%) visits and 507 (46.1%) of these
were not resolved at the next visit. The risk of having

VDI was independently associated with season (higher in
winter), weight (higher with increased weight), age (higher
with increased age) and country (higher in England).

The risk of not recovering from VDI was independently
associated with the season of the previously determined
VDI, which was higher if VDI was identified in winter.
Conclusions VDI is frequent in infants with increased
risk of developing T1D. Treatment guidelines for VDI do not
seem effective. Increasing supplementation dosages in
this patient population seems warranted, especially during
winter, and increasing dosages more aggressively after VDI
should be considered.

INTRODUCTION

Vitamin D can be obtained from ultraviolet
(UV)B-dependent endogenous production,
from the diet and from supplements." When

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Vitamin D supplementation guidelines for infants
and children differ greatly per country.

= The association between vitamin D insufficiency and
type 1 diabetes is well established, although a caus-
ative role in type 1 diabetes development remains
to be proven.

= In the POInT Study, including children with an in-
creased genetic risk of developing type 1 diabetes,
vitamin D levels are systematically analysed, and
parents are counselled to adjust supplementation
doses accordingly to avoid vitamin D insufficiency.

WHAT THIS STUDY ADDS

= Vitamin D insufficiency is frequent and persistent in
infants and children with an increased genetic risk
of developing type 1 diabetes, despite systematic
counselling.

= Even with large increments in supplementation dose
after vitamin D insufficiency, vitamin D intoxication is
extremely rare in the study population.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Adaptation of the guidelines in terms of standard
dose of vitamin D supplementation, as well as dose
increments after vitamin D insufficiency, should be
considered in this population.

= Factors such as season and body mass index for age
could be taken into account when treating vitamin D
insufficiency in this group of children with increased
type 1 diabetes risk.

UVB hits the skin, it leads to the production
of pre-vitamin D, which is an unstable inter-
mediate thermally converted into vitamin
D,. Vitamin D may also be obtained to a
lesser extent from the diet or from vitamin D
supplements. Importantly, both synthesised
and dietary-obtained vitamin D is an inactive
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prohormone and both 25-hydroxylation and lo-hydrox-
ylation are required for activation. The 25-hydroxylation
occurs in the liver and 25-OH-vitamin D reflects the nutri-
tional vitamin D status. The next step to obtain active
vitamin D is 1o-hydroxylation in the kidneys.?

There is controversy about the level of adequacy of
vitamin D. The Endocrine Society defines deficiency
as 25-(OH)D, levels less than 20 ng/mL (50 nmol/L)
and vitamin D insufficiency (VDI) as levels 21-29 ng/
mL (52-72 nmol/L).? The Institute of Medicine defines
deficiency as 25-(OH)D, levels less than 12 ng/mL (30
nmol/L) and 1nsufﬁc1ency as levels 12—-20 ng/mL (30-50
nmol/L).* recent French expert consensus paper
recommends a 25(OH)D level >20 ng/mL (50 nmol/L)
in children to prevent rickets and a 25(OH)D level >30
ng/mL (75 nmol/L) to avoid any mineralisation defects.’
However, these cut-offs have been defined based on asso-
ciations with bone metabolism, with markers such as
parathyroid hormone and bone fracture risk,’ 7 whereas
much higher vitamin D levels are needed to influence
the immune effects of vitamin D in animal studies.*® Low
levels of vitamin D are common, as a study in 6275 Amer-
ican children and adolescents aged 1-21 years showed
that 61% were 25- (OH)D, 1nsufﬁc1ent (15-29 ng/mL)
and 9% deficient (<15 ng/mL) When treating VDI,
there is a risk of reaching a vitamin D intoxication with
concentrations of more than 150 ng/mL (374 nmol/L),
which can lead to hypercalcaemia and an imbalance in
the regulation of bone metabolism.'

There is also controversy and discussion about the
correct supplementation regime. The Endocrine
Society recommends the following for vitamin D intake:
400-1000 IU, 600-1000 IU and 1500-2000 IU daily for
children under 1 year, children 1-18 years and all adults,
respectively, to treat and prevent vitamin D deficiency."’
The expert consensus paper recommends supplementing
healthy children 0-18 years of age with a minimum of
400 TU and a maximum of 800 IU of vitamin D per day.”

The importance of vitamin D in the regulation of
both the innate and adaptive immune system was
demonstrated by the discovery of the presence of VDR
expression in almost all cells of the immune system.” !
Essentially, adequate levels of vitamin D result in a shift
in the immune status towards a more tolerogenic status.'?
This makes vitamin D an appealing immune modulator
in the treatment of immune-mediated diseases. Epide-
miological data showed an association between 25-(OH)
D, deficiency and the incidence of type 1 diabetes
(TlD) 314 hut that VDI is a causal factor in T1D develop-
ment remains unproven.'’ '°

Studies in animal models of autoimmune diseases
showed that restoring serum 25-(OH)D, levels using high
doses of vitamin D metabolites or analogues could alter
the course of autoimmune diseases like T1D, multiple scle-
rosis or rheumatoid arthritis.'” In humans, the European
Diabetes Centre’s EURODIAB Study showed a significant
decrease in T1D diagnosis in children receiving vitamin
D supplementation,'® while other studies indicated that

maternal vitamin D supplementation during pregnancy
did not reduce the risk of T1D in the offspring.’’*’ In a
recent study of 395 children with T1D between 3 and 18
years old without vitamin D supplementation, 64% were
vitamin D insufficient.”'

The goal of this subanalysis of the Primary Oral Insulin
Trial (POInT Study) was to investigate the presence of
VDI and the evolution of these insufficiencies over time,
and to analyse the effect of country-specific supplementa-
tion guidelines and participant characteristics.

METHODS
The POInT Study, a multicentre primary prevention
study that aims to induce immune tolerance to B-cell
autoantigens through regular exposure to oral insulin,
also aimed for vitamin D sufficiency to optimise the
immune response, and therefore, vitamin D levels were
repeatedly measured (registered as NCT03364868 on
ClinicalTrials.gov). All infants aged 4-7 months with a
high genetic risk of developing B-cell autoantibodies were
eligible for inclusion and were recruited in the seven
participating centres: Munich, Hanover and Dresden
(Germany), Warsaw (Poland), Malmé (Sweden), Oxford
(England) and Leuven (Belgium). Exclusion criteria
were concomitant disease or treatment that may inter-
fere with the assessments, any condition that could be
associated with poor compliance or may jeopardise the
infant’s safe participation, diagnosis of diabetes at the
time of recruitment or participation in another clin-
ical trial.*® For this secondary analysis, visits without a
vitamin D measurement were excluded. Patients were
not involved in the study design but in the prioritisation
of the research question of T1D prevention. Patients
support recruitment through dissemination and partic-
ipation in press conferences. The participating families
previously assessed the burden of the intervention in a
prior pilot prevention trial.****

25-OH-vitamin D levels were analysed at the local labo-
ratory of the participating centres at each study visit from
the age of 4-7 months until 3 years of age, with an interval
of 2 months (for the first three visits) or 4—6 months (from
visit 4 to 8). VDI was defined as a vitamin D concentration
below 30 ng/mL. Study nurses and physicians at each site
were notified via email by the centralised study software if
vitamin D values were too low. VDI was then subsequently
treated according to the local guidelines of the partici-
pating centres, which is shown in table 1. Parents were
instructed to continue the same supplementation dose
if they were not contacted after the study visit, as they
were not actively informed when vitamin D levels were
sufficient. Recovery from VDI was defined as a concen-
tration above or equal to 30 ng/mL, the subsequent visit
after VDL

Multivariable logistic regression analysis, adjusted for
season (January—March as winter, April-June as spring,
July-September as summer, October-December as
autumn), sex, history of T1D in a first-degree relative,
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Table 1 Overview of local vitamin D supplementation
guidelines per participating centre

Standard dosage <1 Standard dosage >1

year year
Germany 500 IU/day 500 IU/day
Belgium 400 IU/day 400 IU/day
England 400 IU/day 400 IU/day
Poland 400-600 IU/day 600-1000 IU/day
Sweden 400 IU/day 400 IU/day
If vitamin D <30 pg/L If vitamin D <30 pg/L
<1 year >1 year
Germany Plus 500 IU increase  Plus 1000 IU increase
Belgium  Plus 66 IU increase Plus 66 IU increase
England  Plus 600 IU increase  Plus 600 IU increase
Poland Plus 300-600 U Plus 500-1000 IU
increase increase
Sweden  Plus 400-800 IU Plus 400-2800 IU
increase increase

age, weight, height and country, was used to assess inde-
pendent associations with the risk of VDI and the chance
of recovery from VDI. Effect sizes are reported as ORs
and 95% CIs. Statistical analyses were performed with
JMP Pro V.14.0.0 (SAS Institute, Cary, North Carolina,
USA). Statistical significance was set at a p value of <0.05.

RESULTS
In total, 1050 children were included, of which 5937
vitamin D levels were available for analyses. Baseline char-
acteristics of these participants are shown in table 2.
Figure 1 represents the distribution of the vitamin
D levels per country. The number of patients and the
available vitamin D levels per visit per country are illus-
trated in online supplemental figure 1A,B. Of the 5937
measured vitamin D levels, 1464 (24.7%) were below 30
ng/mL and defined as VDI. The number of children who
had at least one VDI at any time point was 667 out of the
1050 (63.5%). Of the 1464 measured VDIs, 592 (53.9%)
insufficiencies rose above the threshold of 30 ng/mL at
the next visit, whereas 507 insufficiencies (46.1%) were
not resolved at the next visit. Of the 592 recovered insuf-
ficiencies, 33 (5.6%) were in the excess range above 50
ng/mL, and none were in the toxic range above 150 ng/
mL. In this subgroup of the 592 recovered insufficien-
cies, there was no difference between the participating
countries in normal or excess ranges (p=0.66). 4476
out of the total of 5937 measurements were defined as
vitamin D sufficiency (75.3%), and 686 of them (15.3%)
were classified as a VDI on the next visit.

Risk of having a VDI

In multivariable logistic regression, the risk of having VDI
was independently associated with the season, weight,
age and country (table 3). The risk of VDI was higher

Table 2 Baseline characteristics of the participants

Participants
N=1050
Male sex, N (%) 527 (50.3)
Age (months) at visit 1, median (IQR) 5.9 (5.2-6.5)
Weight (kg) at visit 1, median (IQR) 7.8 (7.1-8.4)
Height (cm) at visit 1, median (IQR) 68 (66-69)
Positive history of TIDM in first-degree 556 (53.0)
relatives, N (%)
Vitamin D level (ng/mL) of all visits 36 (30-43)
combined, median (IQR)
Vitamin D level (ng/mL) of all visits 37 (11)

combined, mean (SD)

Vitamin D toxic levels (>150 ng/mL) of all 1 (0.02)
visits combined, N (%)

Country, N (%)

Germany 504 (48.0)
Belgium 80 (7.6)
England 51 (4.9)
Poland 242 (23.0)
Sweden 173 (16.5)

Participants with vitamin D level available on each visit, N
(%)

Visit 1 965 (91.9)
Visit 2 957 (91.1)
Visit 3 937 (89.2)
Visit 4 930 (88.6)
Visit 5 811 (77.2)
Visit 6 641 (61.0)
Visit 7 443 (42.2)
Visit 8 253 (24.1)

T1DM, type 1 diabetes mellitus.

in winter as compared with all other seasons, and lower
in summer as compared with all other seasons. Also, for
every kilogram increase in body weight and for every year
increase in age, the risk of VDI increased. Finally, the
risk of having VDI was higher in England as compared
with Germany (OR 1.42 (1.06 to 1.90), p=0.01), Poland
(OR 1.69 (1.24 to 2.31), p=0.0009) and Belgium (OR
1.43 (1.00 to 2.03), p=0.04). The risk was lower in Poland
as compared with Germany (OR 0.83 (0.71 to 0.99),
p=0.03) and Sweden (OR 0.79 (0.65 to 0.99), p=0.03).
There was no independent association between height,
sex or a first-degree relative with T1D and the risk of VDI.
The repeated measurements analysis (table 4), which
corrects for multiple measurements of vitamin D of the
same child, shows similar results for season, age and body
weight. However, the effect of country largely disappears,
which indicates that this effect is probably mostly driven
by children who have persistent insufficiencies.
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Figure 1 Violin plots of the vitamin D levels per country. The kernel density estimation visualises the distribution of the data.

Each blue dot represents a single vitamin D level.

Risk of not recovering from a VDI

The risk of not recovering from VDI was independently
associated with the season of the previously determined
VDI (table 5). If the VDI was identified in winter, the risk
of not recovering was higher as compared with insuffi-
ciencies identified in spring or summer. Insufficiencies
identified in summertime had higher chances of recovery
than the insufficiencies in autumn or spring. None of the
other available variables was associated with the risk of
not recovering from VDI.

DISCUSSION

This study covers a large sample size of almost 6000
analysed 25-OH-vitamin D levels in 1050 infants and chil-
dren between the age of 4 months and 3 years with an
increased genetic risk of developing B-cell autoantigens,
in five European countries. One-fourth of the measured
values were defined as at least a VDI, and almost half of
these insufficiencies were not resolved by the next visit.
The risk of having a VDI increased in winter, with higher
age and body weight, and in England. A risk factor for
not recovering from a VDI was if the VDI was measured
in wintertime.

Since VDI is associated with T1D and might play a role
in the pathogenesis,”* and since VDI is associated with
rickets, muscle weakness and other chronic diseases,25
its prevalence and its persistence after dose increments
in this population of infants with a confirmed increased
genetic risk of developing T1D are unexpected. However,
in a substudy of the TRIGR Study, investigating the effect
of an extensively hydrolysed formula on the incidence of
T1D,'® the mean vitamin D levels at baseline in infants
(until 18 months) with an increased genetic risk of T1D
with and without autoantibodies were 26.2 ng/mL and
26.9 ng/mlL, respectively.26 The mean vitamin D levels
during follow-up in our study are significantly higher (37
ng/mL),which mightbe explained by the regularity of the
blood analyses, the close follow-up and emphasis on the
importance of compliance towards the parents. However,
despite this systemic counselling, the prevalence of VDI
was still 25%, which is comparable with the prevalence of
VDI in healthy infants: depending on the geographical
population that was examined, the prevalence of a VDI
is ranging from 19.3% to 40%.%""* Moreover, although
recommendations on increasing the vitamin D supple-
mentation when necessary were also systematically made,
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Table 3 Multivariable logistic regression analysis of the risk

of a vitamin D insufficiency

Table 5 Multivariable logistic regression analysis of the risk
of not recovering from a vitamin D insufficiency (VDI)

OR (95% CI) P value OR (95% CI) P value

Season <0.0001 Season of the first VDI <0.0001
Summer vs winter 0.42 (0.35 to 0.50) <0.0001 measured
Autumn vs winter 0.67 (056 to 080) <0.0001 Summer vs winter 0.37 (026 to 054) <0.0001
Spring vs winter 0.77 (0.65 to 0.91) 0.002 Autumn vs winter 0.67 (0.44 to 1.03) 0.06

Weight Spring vs winter 0.65 (0.46 to 0.93) 0.01
Per kg increase 1.09 (1.03t0 1.16)  0.002 Weight

Height Per kg increase 1.04 (0.91 t0 1.18) 0.52
Per cm increase 0.99 (0.97 to 1.01)  0.56 Height

Age Per cm increase 1.00 (0.95 to 1.05) 0.85
Per year increase 1.03(1.01t0 1.05)  0.003 Age

Country 0.008 Per year increase 0.99 (0.95 to 1.03) 0.66
England vs Germany ~ 1.42 (1.06to 1.90)  0.01 Country 0.65
Poland vs Germany 0.84 (0.71t00.99)  0.03 Gender
Belgium vs Germany ~ 1.00 (0.78t0 1.27)  0.96 Halchislionale Moo e L
Sweden vs Germany  1.05(0.87 t0 1.26)  0.60 First-degree relative (FDR) with T1DM

Gender FDR vs no FDR 0.96 (0.74 to 1.25) 0.79
Male vs female 1.03 (0.91 to 1.17) 0.58 T1DM, type 1 diabetes mellitus.

First-degree relative (FDR) with T1IDM
FDR vs no FDR 1.03 (0.90 to 1.17) 0.60 almost half of the insufficiencies were not resolved at the

T1DM, type 1 diabetes mellitus.

Table 4 Repeated measurements analysis of the risk of a

vitamin D insufficiency

OR (95% CI) P value

Season <0.0001

Summer vs winter 0.38 (0.31 to0 0.47) <0.0001

Autumn vs winter 0.64 (0.52 t0 0.78) <0.0001

Spring vs winter 0.54 (0.45 to 0.65) 0.006
Weight

Per kg increase 1.11 (1.03 to 1.20) 0.008
Height

Per cm increase 0.99 (0.97 to 1.02) 0.61
Age

Per year increase 1.03 (1.01 to 1.06) 0.009
Country 0.06

England vs Germany  1.53 (1.00 to 2.34) 0.05

Poland vs Germany 0.80 (0.63 to 1.01) 0.06

Belgium vs Germany  1.00 (0.71 to 1.43) 0.99

Sweden vs Germany  1.04 (0.79 to 1.35) 0.79
Gender

Male vs female 1.04 (0.87 to 1.26) 0.64
First-degree relative (FDR) with T1DM

FDR vs no FDR 1.03 (0.86 to 1.25) 0.71

T1DM, type 1 diabetes mellitus.

next study visit. Remarkably, having a first-degree family
member with T1D, which was the case in more than half
of the children, and which could potentially influence
adherence, did not affect the risk of a VDI or of a VDI
recovery.

Taking into account the results of the multivariable
analysis, we can speculate on how to improve the clinical
approach in these patients to avoid VDI and to resolve
their insufficiency faster. First, as the supplementation
guidelines differ between the participating countries,
and as a country such as Poland with a higher range
and maximum of supplementation guidelines is inde-
pendently associated with a lower risk of a VDI, it seems
warranted to increase the supplementation dosage. Only
1 of nearly 6000 vitamin D levels reached toxic levels
(>150 ng/mL). Moreover, although not decreasing the
risk of VDI recurrences, the largest range of increasing
supplementation dosages after insufficiency in the local
guidelines in our study was in Sweden (depending on
the severity of insufficiency: 400-800 IU/day for infants
younger than 1 year of age, 400-2800 IU/day for older
children). Therefore, it seems safe to increase the
supplementation dosages in countries where they are
low in comparison with Sweden. Next, systematically
increasing the dosage in wintertime should be consid-
ered in these children. Conversely, more practically
challenging is increasing supplementation dosages with
increased weight or body mass index for age. A recent
randomised controlled trial showed that daily 6000 IU
vitamin D supplementation in obese children was safe
and sufficient to reach vitamin D sufﬁciency.gO Increasing
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more aggressively in obese children could be taken into
account when increasing dosages in these children does
not resolve a previously identified vitamin D deficit.

Finally, the strategy of increasing the dosage, which
differed extensively between countries, when a VDI was
measured, did not contribute to the risk of not resolving
the VDI. However, as almost half of the insufficiencies
were not resolved after increasing the dose, increasing
more aggressively in wintertime seems warranted, as this
was the only independent contributor to the risk of not
recovering. As shown in a recent randomised controlled
trial in children and adolescents with newly diagnosed
T1D, even very high dosages of adjunctive ergocalciferol
supplementation in high dosage (50 000 IU weekly) was
safe and did not lead to toxic levels.”

Limitations in this study include the lack of data avail-
able on the actual administered dose of vitamin D supple-
mentation by the parents. The use of diaries or other
measures of adherence could have improved the anal-
ysis. Additionally, quantification of the 25-OH-vitamin D
levels was not centralised but was performed by the local
laboratories of the participating centres. Since all local
laboratories are certified, we believe that the risks of this
affecting the results are minimal. The strengths of the
study include the multicentre design, as well as the large
cohort of more than 1000 infants with increased risk of
T1D without missing data for the included variables, of
which nearly 6000 vitamin D levels were available for
analysis.

CONCLUSION

Despite the established health benefits of having suffi-
cient levels of vitamin D and our emphasis to parents
on the importance of adequate supplementation, VDI
is frequent in infants and young children with increased
risk of developing T1D, as seen in children not selected
on high-genetic T1D risk. The insufficiency remains unre-
solved very often, even after using treatment dosages.
Increasing supplementation dosages in this patient popu-
lation seems warranted, especially during wintertime.
When VDI is detected, increasing dosages more aggres-
sively should be considered.

Author affiliations

"Department of Pediatric Endocrinology and Diabetes, KU Leuven University
Hospitals Leuven, Leuven, Belgium

ZKatholieke Universiteit Leuven, Leuven, Belgium

®nstitute of Diabetes Research, Helmholtz Munich, German Center for
Environmental Health, Munich, Germany

4Forschergruppe Diabetes at Klinikum rechts der Isar, School of Medicine, Technical
University Munich, Munich, Germany

SForschergruppe Diabetes, Klinikum rechts der Isar, Technische Universitét
Miinchen, Munich, Germany

®Department of Clinical Sciences Malmd, Lund University, Malmd, Sweden
"Department of Pediatrics, Kristianstad Hospital, Kristianstad, Sweden
8Department of Pediatrics, Skane University Hospital, Malmd, Sweden
®Department of Clinical Sciences Malmd, Lund University, Lund, Sweden

"OAuf der Bult Children's Hospital, Hannover, Germany

""Department of Pediatrics, Faculty of Medicine and University Hospital Carl Gustav
Carus, Technische Universitat Dresden, Dresden, Germany

"2Center for Regenerative Therapies, Technische Universitat Dresden, Dresden,
Germany

"*Department of Screening and Metabolic Diagnostics, Institute of Mother and
Child, Warsaw, Poland

"“Department of Paediatrics, Medical University of Warsaw, Warsaw, Poland
SDepartment of Paediatrics, University of Oxford, Oxford, UK

"SWellcome Centre for Human Genetics, Nuffield Department of Medicine, NIHR
Oxford Biomedical Research Centre, University of Oxford, Oxford, UK
"Department of Development and Regeneration, KU Leuven, Leuven, Belgium

Acknowledgements POInT Study group: GPPAD-Coordinating Centre (CC):
Melanie Giindert, Florian Haupt, Stefanie Arnolds, Miriam BiBbort, Karina Blasius,
Nadine Friedl, Cigdem Gezginci, Gertrud Goppel, Martin Heigermoser, Maja Herg|,
Bianca Hofelschweiger, Manja Jolink, Krisztian Kisfiigedi, Nadine Klein, Ramona
Lickert, Claudia Matzke, Kim Mufioz Alvarez, Rebecca Niewohner, Marlon Scholz,
Katharina Schiitte-Borkovec, Andreas WeiB3, José Maria Zapardiel Gonzalo, Tarini
Singh, Sarah Schmidt, Philipp Sifft, Merve Vurucu, Katharina Sarcletti, Melanie
Sporreiter, Stefanie Jacobson, Ivo Zeller; Medical Monitor: Katharina Warncke;
Outcome Committee: Peter Achenbach, Ezio Bonifacio; Type 1 diabetes endpoint
committee: Helena Elding Larsson, Anette-G. Ziegler; Pharmacovigilance
Committee: Peter Achenbach, Katharina Schiitte-Borkovec, Anette-G. Ziegler;
Belgium Clinical Centre: Kristina Casteels, Charlien Jannsen, Anne Rochtus,

Hilde Morobé, Bronté Vrancken, Natalie Van den Driessche, Gert Van Poel, Renka
Van Heyste, Janne Houben, Veerle Vanhuyse; Germany, Dresden Clinical Centre:
Ezio Bonifacio, Reinhard Berner, Sari Arabi, Lisa Barbknecht, Sevina Dietz,
Franziska Ehrlich, Gita Gemulla, Zahra Gholizadeh, Raphael Hoffmann, Angela
Hommel, Franziska Lange, Anja Loff, Robert Morgenstern, Anne Schille, Maike
Sigg, Marc Weigelt, Andre Weise, Nicole Zubizarreta; Germany, Hanover Clinical
Centre: Olga Kordonouri, Thomas Danne, Laura Galuschka, Carolin Kruse, Sarah
Landsberg, Karin Lange, Erika Marquardt, Felix Reschke, Frank Roloff, Thekla von
dem Berge, Jantje Weiskorn, Mareike Polier, Bianca Schmidt. Germany, Munich
Clinical Centre: Anette G. Ziegler, Peter Achenbach, Melanie Bunk, Willi Grétz,
Anna Hofelich, Elisabeth Huber, Melina Kaiser, Alexandra K&BI, Annika Kélin,
Benjamin Marcus, Annette Munzinger, Jasmin Ohli, Claudia Ramminger, Franziska
Reinmiiller, Veronika Vollmuth, Christiane Winkler; Poland Clinical Centre: Agnieszka
Szypowska, Mariusz Ottarzewski, Sylwia Dybkowska, Lidia Groele, Dorota
Owczarek, Katarzyna Popko, Adrianna Cieloch, Elzbieta Gérska, Agnieszka Mroczek,
Beata Zdunczyk, Anna Zych, Wiktoria Czerwinska, Natalia Dziedzic; Sweden
Clinical Centre: Helena Elding Larsson, Markus Lundgren, Hanna Samuelsson,
Sofie Alstrom Mortin, Rasmus Bennet, Charlotte Brundin, Susanne Dahlberg, Lina
Fransson, Ida Jonsson, Hannah Nenonen, Anita Ramelius, Carina Torn, Ulrika
Ulvenhag, Marielle Lindstrom, Kobra Rhamati, Malin Goldman Tsubarah, Falastin
Salami; UK, Oxford Clinical Centre: John A Todd, Manu Vatish, Matthew Snape,
Rachel E J Besser, Tabitha Wishlade, Eleni Fotaki, Fenella Roseman, Dorota
Pietrzak, Jude Mossop, Sophia Hawkins, Yama F Mujadidi, Rachel White, Conor
Whelan, Sophie Vernon, Owen Bendor-Samuel, Helen Ratcliffe, Alice Lelliott, Aparna
Reddy, Patrick Bose, Edel Claire, lan Smith, Nazia Taj; Oxford vaccine group; and
JDRF/Wellcome Diabetes and Inflammation Laboratory Group.

Contributors AJ, W, CW, A-GZ, ML, HEL, OK, TvdB, EEB, M-LZ, AH, MO, AS and
KC were responsible for collection of the patients’ data. AJ and AW performed
the statistical analyses. AJ, MW and KC wrote the manuscript. VV, CW, A-GZ, ML,
HEL, OK, TvdB, EEB, M-L Z, AH, MO, AS, RB and JAT revised the manuscript. KC is
guarantor of this study.

Funding This work was supported by the POInT Study, supported by the Leona
M and Harry B Helmsley Charitable Trust (Helmsley) (grants #2018PG-T1D023
(The Global Platform for Prevention of Autoimmune Diabetes (GPPAD)-03 Study:
POInT—Primary Oral Insulin Trial) and #2018PG-T1D062 (Biobanking for the
Primary Oral Insulin Trial)), by the Helmholtz Zentrum, Munich, Germany and

the BMBF, Germany (grant#01KX1818). UK Clinical Centre is also supported

by Wellcome (107212/2/15/Z) and JDRF (5-SRA-2015-130- A-N). The German
Clinical Centers Munich and Dresden are also supported by the Deutsches
Zentrum fiir Diabetesforschung DZD. The authors A-GZ and EEB are inventors of
a patent entitled 'Method for determining the risk to develop type 1 diabetes' (WO
2019/002364).

Disclaimer The funding organisations had no role in the design of the trial.
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.

6 Jacobs A, et al. BMJ Paediatrics Open 2024;8:6002212. doi:10.1136/bmjpo-2023-002212



Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by the
local ethical committees and regulatory authorities of the Technische Universitit
Miinchen, Medical Faculty (326/17 Af), the Medical University of Warsaw
(Instytucie Matki | Dziecka w Warszawie) (199/2017), the UK Health Research
Authority (18/SC/0019), Onderzoek UZ/KU Leuven (S60711) and the Regionala
etikprovningsnamnden i Lund (2017/918). Participants gave informed consent to
participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The data
that support the findings of this study are available on request from the GPPAD-
Coordinating Centre.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

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
An Jacobs http://orcid.org/0000-0003-2556-4454
Olga Kordonouri http://orcid.org/0000-0001-9563-3537

REFERENCES

1 Holick MF. Vitamin D deficiency. N Engl J Med 2007;357:266-81.

2 Martens PJ, Gysemans C, Verstuyf A, et al. Vitamin D’s effect on
immune function. Nutrients 2020;12:1248.

3 Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation,
treatment, and prevention of vitamin D deficiency: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab
2011;96:1911-30.

4 Ross AC, Manson JE, Abrams SA, et al. The 2011 dietary reference
intakes for calcium and vitamin D: what dietetics practitioners need
to know. J Am Diet Assoc 2011;111:524-7.

5 Bacchetta J, Edouard T, Laverny G, et al. Vitamin D and calcium
intakes in general pediatric populations: a French expert consensus
paper. Arch Pediatr 2022;29:312-25.

6 Bischoff-Ferrari HA, Shao A, Dawson-Hughes B, et al. Benefit-
risk assessment of vitamin D supplementation. Osteoporos Int
2010;21:1121-32.

7 Malabanan A, Veronikis IE, Holick MF. Redefining vitamin D
insufficiency. Lancet 1998;351:805-6.

8 Martens P-J, Centelles-Lodeiro J, Ellis D, et al. High serum vitamin
D concentrations, induced via diet, trigger immune and intestinal
microbiota alterations leading to type 1 diabetes protection in NOD
mice. Front Immunol 2022;13:902678.

9 Kumar J, Muntner P, Kaskel FJ, et al. Prevalence and associations
of 25-Hydroxyvitamin D deficiency in US children: NHANES 2001-
2004. Pediatrics 2009;124:e362-70.

10 Holick MF. The vitamin D deficiency pandemic: approaches for
diagnosis, treatment and prevention. Rev Endocr Metab Disord
2017;18:153-65.

11

12

13

20

21

22

23

24

25

26

27

28

29

30

31

Veldman CM, Cantorna MT, DeLuca HF. Expression of
1,25-dihydroxyvitamin D(3) receptor in the immune system. Arch
Biochem Biophys 2000;374:334-8.

Prietl B, Treiber G, Pieber TR, et al. Vitamin D and immune function.
Nutrients 2013;5:2502-21.

Pozzilli P, Manfrini S, Crino A, et al. Low levels of 25-Hydroxyvitamin
D3 and 1,25-dihydroxyvitamin D3 in patients with newly diagnosed
type 1 diabetes. Horm Metab Res 2005;37:680-3.

Littorin B, Blom P, Schélin A, et al. Lower levels of plasma
25-Hydroxyvitamin D among young adults at diagnosis of
autoimmune type 1 diabetes compared with control subjects: results
from the nationwide diabetes incidence study in Sweden (DISS).
Diabetologia 2006;49:2847-52.

Manousaki D, Harroud A, Mitchell RE, et al. Vitamin D levels and
risk of type 1 diabetes: a Mendelian randomization study. PLoS Med
2021;18:e1003624.

Knip M, Akerblom HK, Becker D, et al. Hydrolyzed infant formula
and early beta-cell autoimmunity: a randomized clinical trial. JAMA
2014;311:2279-87.

Baeke F, van Etten E, Gysemans C, et al. Vitamin D signaling in
immune-mediated disorders: evolving insights and therapeutic
opportunities. Mol Aspects Med 2008;29:376-87.

Not Available. Vitamin D supplement in early childhood and risk

for type | (insulin-dependent) diabetes mellitus. Diabetologia
1999;42:51-4.

Silvis K, Aronsson CA, Liu X, et al. Maternal dietary supplement
use and development of islet autoimmunity in the offspring: TEDDY
study. Pediatr Diabetes 2019;20:86-92.

Thorsen SU, Mérild K, Olsen SF, et al. Lack of association between
maternal or neonatal vitamin D status and risk of childhood type

1 diabetes: a scandinavian case-cohort study. Am J Epidemiol
2018;187:1174-81.

Carakushansky M, Patel P, Ben Khallouq BA, et al. Prevalence of
vitamin D deficiency in children with type 1 diabetes mellitus. Cureus
2020;12:e7836.

Ziegler A-G, Achenbach P, Berner R, et al. Oral insulin therapy for
primary prevention of type 1 diabetes in infants with high genetic
risk: the GPPAD-point (global platform for the prevention of
autoimmune diabetes primary oral insulin trial) study protocol. BMJ
Open 2019;9:e028578.

Bonifacio E, Ziegler A-G, Klingensmith G, et al. Effects of high-
dose oral insulin on immune responses in children at high risk for
type 1 diabetes the pre-POINT randomized clinical trial. JAMA
2015;313:1541.

He LP, Song YX, Zhu T, et al. Progress in the relationship between
vitamin D deficiency and the incidence of type 1 diabetes mellitus in
children. J Diabetes Res 2022;2022:5953562.

Nair R, Maseeh A. Vitamin D: the "sunshine" vitamin. J Pharmacol
Pharmacother 2012;3:118-26.

Miettinen ME, Niinistd S, Erlund |, et al. Serum 25-Hydroxyvitamin
D concentration in childhood and risk of islet autoimmunity and
type 1 diabetes: the TRIGR nested case-control ancillary study.
Diabetologia 2020;63:780-7.

Ozcan A, Kendirci M, Kondolot M, et al. Evaluation of vitamin

D prophylaxis in 3-36-month-old infants and children. J Pediatr
Endocrinol Metab 2017;30:543-9.

Kasemsripitak S, Jaruratanasirikul S, Boonrusmee S, et al.
Prevalence and risk factors for vitamin D insufficiency in 6-12-
month-old infants: a cross-sectional study in Southern Thailand.
BMC Pediatr 2022;22:729.

Bravo P. Vitamin D deficiency and insufficiency in healthy infants
receiving standard supplementation. Andes Pediatr 2022;93:773-4.
Deruyter S, Van Biervliet S, De Guchtenaere A. Response to
vitamin D replacement therapy in obese children and adolescents
with vitamin D deficiency: a randomized controlled trial. J Pediatr
Endocrinol Metab 2023;36:458-65.

Nwosu BU, Parajuli S, Jasmin G, et al. Ergocalciferol in new-onset
type 1 diabetes: a randomized controlled trial. J Endocr Soc
2022;6:bvab179.

Jacobs A, et al. BMJ Paediatrics Open 2024;8:€002212. doi:10.1136/bmjpo-2023-002212


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2556-4454
http://orcid.org/0000-0001-9563-3537
http://dx.doi.org/10.1056/NEJMra070553
http://dx.doi.org/10.3390/nu12051248
http://dx.doi.org/10.1210/jc.2011-0385
http://dx.doi.org/10.1016/j.jada.2011.01.004
http://dx.doi.org/10.1016/j.arcped.2022.02.008
http://dx.doi.org/10.1007/s00198-009-1119-3
http://dx.doi.org/10.1016/s0140-6736(05)78933-9
http://dx.doi.org/10.3389/fimmu.2022.902678
http://dx.doi.org/10.1542/peds.2009-0051
http://dx.doi.org/10.1007/s11154-017-9424-1
http://dx.doi.org/10.1006/abbi.1999.1605
http://dx.doi.org/10.1006/abbi.1999.1605
http://dx.doi.org/10.3390/nu5072502
http://dx.doi.org/10.1055/s-2005-870578
http://dx.doi.org/10.1007/s00125-006-0426-x
http://dx.doi.org/10.1371/journal.pmed.1003624
http://dx.doi.org/10.1001/jama.2014.5610
http://dx.doi.org/10.1016/j.mam.2008.05.004
http://dx.doi.org/10.1007/s001250051112
http://dx.doi.org/10.1111/pedi.12794
http://dx.doi.org/10.1093/aje/kwx361
http://dx.doi.org/10.7759/cureus.7836
http://dx.doi.org/10.1136/bmjopen-2018-028578
http://dx.doi.org/10.1136/bmjopen-2018-028578
http://dx.doi.org/10.1001/jama.2015.2928
http://dx.doi.org/10.1155/2022/5953562
http://dx.doi.org/10.4103/0976-500X.95506
http://dx.doi.org/10.4103/0976-500X.95506
http://dx.doi.org/10.1007/s00125-019-05077-4
http://dx.doi.org/10.1515/jpem-2016-0223
http://dx.doi.org/10.1515/jpem-2016-0223
http://dx.doi.org/10.1186/s12887-022-03797-y
http://dx.doi.org/10.32641/andespediatr.v93i5.4503
http://dx.doi.org/10.1515/jpem-2022-0598
http://dx.doi.org/10.1515/jpem-2022-0598
http://dx.doi.org/10.1210/jendso/bvab179

	Vitamin D insufficiency in infants with increased risk of developing type 1 diabetes: a secondary analysis of the POInT Study
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Risk of having a VDI
	Risk of not recovering from a VDI

	Discussion
	Conclusion
	References


