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Abstract

Introduction: Sufficient levels of vitamin D have been associated with higher chances
for both clinical pregnancy and live birth among women undergoing assisted repro-
ductive techniques, whereas low levels of maternal vitamin D have been associated
with preeclampsia and late miscarriage. In Denmark, subgroups at risk for low vitamin
D levels, including neonates and toddlers, are recommended to use supplementation.
The aim was to study the level of vitamin D; among neonates born after in vitro ferti-
lization compared with neonates from the general population.

Material and methods: In this cohort study a random sample of 1326 neonates repre-
senting the general population and 1200 neonates conceived by in vitro fertilization
bornin Denmark from 1995 to 2002 were identified from registries covering the whole
Danish population. Information on use of assisted reproduction was collected from
the Danish In Vitro Fertilization register, ICD-10 code: DZ358F. 25-Hydroxyvitamin
D was measured from dried blood spots routinely collected by heel prick 48-72h
after birth and corrected according to the hematocrit fraction for capillary blood of
neonates. Linear regression analysis was performed, both crude and adjusted, for pre-
defined putative confounders, identified through directed acyclic graphs.

Results: Vitamin D, analysis could be performed from a total of 1105 neonates from
the general population and 1072 neonates conceived by in vitro fertilization that were
subsequently included in the study. The median vitamin D; was 24.0 nmol/L (interquar-
tile range [IQR] 14.1-39.3) and 33.0nmol/L (IQR 21.3-48.8) among neonates from the
general population and neonates conceived by in vitro fertilization, respectively. The
adjusted mean difference between neonates from the general population and those

conceived by in vitro fertilization was 6.1 nmol/L (95% confidence interval 4.1-8.1).

Abbreviations: 25(0H)D, 25-hydroxyvitamin D; ART, assisted reproductive technology; BMI, body mass index; DBSS, dried blood spot samples; DCRS, Danish Civil Registration System;
ICD-10, International Classification of Diseases, 10th revision; IQR, interquartile range; IVF, in vitro fertilization; LLOQ, lower limit of quantification; PKU, phenylketonuria; STROBE,
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Conclusions: In this study, children born after in vitro fertilization have a higher vita-

min D, than a random sample of neonates in Denmark.
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1 | INTRODUCTION

The global burden of infertility is estimated to affect more than 186
million people.! The variability in infertility rates is considerable be-
tween regions of the world, with the most affected populations re-
porting up to 30%.2

Besides the well-described role of vitamin D in calcium metab-
olism, the receptors and enzymes involved in the metabolism of
vitamin D have been found in the ovaries and the endometrium,
suggesting vitamin D to be involved in female fertility.> However,
although there seems to be no association between vitamin D levels
and chance of spontaneous pregnancy“’5 the association between
vitamin D and the chance of clinical pregnancy and live birth among
women undergoing treatment with assisted reproductive technol-
ogy (ART) is not clear.6™?

Clinical pregnancy rates are found to be higher among non-
vitamin-D-deficient women.®”?! Based on a study with donor oo-
cytes showing an association between vitamin D status and chance
of pregnancy in oocyte recipients, Rudick et al. suggests that the en-
dometrium mediates in the vitamin D effect.® However, after strati-
fying on source of the oocyte to reduce the impact of oocyte quality,
Chu et al. found no significant association among studies examining
donor oocytes; although, because of the low number of participants,
a type 2 error cannot be ruled out.!t

In a meta-analysis, the chance of live birth is higher among
women replete in vitamin D (odds ratio 1.33, 95% confidence in-
terval [CI] 1.08-1.65).1* This clear association is in accordance with
results based on donor oocytes."’ However, because of the low num-
bers of vitamin D replete women (16%) in an observational study the
statistical significance was lost in adjusted analyses.8

Based on sensitivity analyses in their meta-analysis, Cozzolino
et al. state that vitamin D levels do not influence clinical preg-
nancy rate, live birth rate, and ongoing pregnancy rate.’® However,
studies have shown that in early pregnancy, low concentrations
of vitamin D have been associated with preeclampsia'? and late
miscarriage.4

Traditionally, serum vitamin D levels among adults are divided
into sufficient (230ng/mL; c.75nmol/L); insufficient (220-29 ng/
mL; c.50-74nmol/L); or deficient (<20ng/mL; c.50 nmol/L).23
There is still no consensus on the optimum serum levels of vitamin
D in relation to fertility; however, based on bone health, experts

recommend a vitamin D level of at least 20ng/mL (c.50 nmol/L) to

Key message

Neonates born after in vitro fertilization have a higher vita-

min D, than neonates from the general population.

meet the needs of at least 97.5% of the North American popula-
tion.r> In 2018, Randev et al. reported that the global prevalence
of vitamin D deficiency varies from 6% to 68% when the cut-off is
set at 20ng/mL.*

The primary source for vitamin D is sunlight exposure; whereas
a minor part is attained through diet and supplementation.13 Due to
differences in skin pigmentation, the synthesis of vitamin D through
sun light exposure may vary according to not only ethnicity, but also
genetic variation in vitamin D modulating genes, concealing cloth-
ing, outdoor activities and season, which can affect the vitamin D
status.'® In the northern countries, seasonal variation in vitamin D
levels has been suggested to partly explain seasonal variations in
fertility, where the number of births is higher during the spring; ac-
cordingly, most women conceive in the summer or fall after the vita-
min D depots have been loaded by sunlight exposure.® In accordance
with this Hasan et al. found preconception vitamin D sufficiency to
be associated with a clinically confirmed pregnancy outcome follow-
ing in vitro fertilization (IVF) treatment.?”

As regards the sources of vitamin D for the fetus, placental trans-
fer from the mother is the only vitamin D supply during pregnancy.18
A study with 125 mother-infant dyads described insufficient vitamin
D supplementation during pregnancy as a predominant factor of neo-
natal vitamin D deficiency (odds ratio 7.0, 95% Cl 2.7-20.0).%

Considering the lack of association between vitamin D levels and
chance of spontaneous pregnancy and the concurrent debate of a
possible association with clinical pregnancy rate and live birth rate
in ART, and considering that all ART pregnancies are wanted preg-
nancies, we hypothesized that women undergoing ART would be
more likely to follow the recommendations of the health authorities
to take vitamin D supplements during pregnancy and hence achieve
higher mean levels of pregnancy, resulting in higher levels in their
offspring.

With this study we aimed to examine the level of vitamin D,
among neonates born after IVF compared with neonates from the

general population.
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2 | MATERIAL AND METHODS
21 | Study design

This cohort study compared neonatal vitamin D levels among neo-
nates who were conceived by IVF treatment and neonates from the
general population by using Danish registers and biobanks. The study
was reported in accordance with the Strengthening the Reporting of

Observational studies in Epidemiology (STROBE) statement.?®

2.2 | Datasources

The study population was identified using nationwide registers. All
individuals residing in Denmark are registered in the Danish Civil
Registration System (DCRS) with a unique 10-digit number enabling
linkage to other national registers in Denmark.?! Children conceived
by IVF were identified using the Danish IVF register, a nationwide
registry containing information on all IVF treatments carried out
at public and private fertility clinics since 1994.?2 The DCRS, the
Danish Medical Birth Register, and Statistics Denmark provided in-
formation on covariates.?*%3

Routine newborn screening performed 48-72h after birth for
congenital disorders via capillary blood samples taken by heel prick
(so called phenylketonuria [PKU] tests) was routinely implemented
from 1981. After screening, the samples are stored as dried blood
spot samples (DBSS) at the Biological Specimen Bank for Neonatal
Screening in the Danish National Biobank at the Statens Serum
Institute at -20°C. Neonatal 25-hydroxyvitamin D (25(OH)D) con-
centrations were measured from punches of DBSS.

2.3 | Study population

The cohort of neonates representing the general population was a
random sub-sample of all individuals born in Denmark between 1995
and 2002, identified using the DCRS (n=1326). Neonates conceived
by IVF treatment were randomly sampled from the IVF register (ICD-
10 code: DZ358F) where each birth cohort between 1995 and 2002
contributed with 150 children (n=1200) (Figure 1). The specific time
period was chosen to optimize the data completeness. Using the
possibility of linkage between registers and biobanks, DBSS were

retrieved and analyzed for vitamin D concentrations.

2.4 | Assessment of vitamin D concentrations

The outcome of interest, neonatal vitamin D levels, was measured
in 3.2-mm punches from DBSS using a modified version of a liquid
chromatography tandem-mass spectrometry method at the Statens
Serum Institute research Iaboratory.24 Vitamin D concentrations
were assessed by measuring 25(0OH)D, and 25(0OH)D,. For 25(0H)
D, and 25(0OH)D, the lower limits of quantification (LLOQ) were 3

and 4nmol/L, respectively. Measures of 25(OH)D2 were excluded
from the analysis because 97% of the measures were below LLOQ,
whereas all measures of 25(0H)D, were included in the analysis, in-
cluding those below LLOQ (10.84%). Measures below LLOQ are con-
sidered uncertain and to accommodate the measures of 25(OH)D,
below LLOQ, they were substituted with the value 2, corresponding
to half the value of the quantification limit. The 25(OH)D3 concentra-
tions were corrected to reflect concentrations equivalent to serum
concentrations using the formula: serum 25(0OH)D, nmol/L=DBSSs
25(0OH)D4 nmol/Lx 1/(1-0.61), where 0.61 is the hematocrit fraction
for capillary blood.?> The performing laboratory participates in the
Vitamin D External Quality Assessment Scheme.?

2.5 | Covariates

The following confounders were selected a priori using a directed
acyclic graph (Figure S1); season of birth (spring, summer, fall, win-
ter), maternal ethnicity (European, non-European), maternal age
(continuous, years), parity (nulliparous, multiparous), maternal
education (basic/short [basic school 8th-10th class, short general
upper-secondary education, short-cycle higher education or vo-
cational education and training], medium [medium-cycle higher
education or bachelor's], and long [long-cycle education and PhD]),
maternal smoking (smoker/non-smoker), and maternal body mass
index (BMI).

In addition, information on the following covariates was obtained
to describe the population; sex (female, male), birthweight (continu-
ous, grams), gestational age (preterm <37, term 237 weeks), maternal
marital status (not married/ divorced/ widowed, married/registered
partner), and embryo transfer (fresh, frozen).

Season of birth and sex were retrieved from DCRS. Birthweight,
gestational age, parity, maternal age, and smoking were obtained
from Danish Medical Birth Registry; maternal education, marital
status and ethnicity were from Statistics Denmark; and embryo
transfer was from the IVF register. Data on maternal BMI were not
available, so were not included in the final model.

2.6 | Statistical analyses

General characteristics of both neonates conceived by IVF and
neonates from the general population are presented as numbers (n)
and percentages (%) for categorical variables, mean and standard
deviations, or median and interquartile range (IQR) for continuous
variables.

Examination of missing data included reasons for missing data;
missing data patterns and the availability of auxiliary variables sug-
gested that the analysis would benefit from multiple imputation.?’
Missingness was not associated with the outcome after conditioning
on the covariates from the main analysis. Based on our knowledge
of the data, we found it plausible that missing data were missing at
random.
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n =534 068

All live births born in Denmark between 1995 and 2002

)

)

Random sub-cohort of individuals born between
1995 and 2002 sampled for analyses

Randomly selected individuals conceived after
IVF treatment between 1995 and 2002 sampled

FIGURE 1 Flowchart of the included
participants.

for analyses

n=1326 n=1200

v

Overlap with the selected IVF individuals
n=7 treatment
—»| n=1200

Random sample of individuals born after IVF

IVF individuals among the sub-cohort

n=28

Random sub-cohort of individuals born
between 1995 and 2002 sampled for analyses
n=1319

Missing vitamin D measurements
n=214 n=128

Missing vitamin D measurements

!

Included in imputation model

n=1105 n=1072

Included in imputation model

Missing information on any covariate :

; n=279 i n=244

Missing information on any covariate

v

i Included in complete case analysis :

We included seven auxiliary variables with information from
the national registers on the father (age, education, origin), house-
hold (humber of children), and neonate (abdominal circumference,
placental weight, birthweight) as they were associated with miss-
ingness or with the incomplete variables. We did not impute data
on the outcome variable, vitamin D levels, but all variables from
the analysis were included in the imputation model.?® Multiple
imputation by chained equations was performed, as we included
both continuous and categorical variables in the model. We per-
formed 25 imputations based on the rule of thumb that the num-
ber of imputations should be at least equal to the percentage of
missing data (24%).%°

We used a linear regression model to investigate the association
between IVF treatment and neonatal vitamin D levels. First, we ran
a crude analysis. Second, we conducted adjusted analysis based on
the imputed data set (primary analysis) and on complete cases (sen-
sitivity analysis). Results from the regression analyses are reported
as means with 95% CI. We further conducted stratified analyses by

Included in complete case analysis

gestational age and parity and an adjusted analysis restricted to the
population of European origin. A graphical model check was per-
formed, and minor concerns of the model assumptions were noted.
We conducted a regression with robust standard errors as a sensi-
tivity analysis, which did not change the conclusions from our main
analysis. The imputed values were checked and compared with the
observed values. All imputed values were plausible and resembled
the observed values.

All statistical analyses were carried out with SAS Enterprise
Guide 7.15.

3 | RESULTS

The flow of participants is shown in Figure 1. In the randomly se-
lected sample from the general population, 35 neonates were
conceived by IVF treatment, of which seven were in the randomly
selected IVF sample. Dried blood spot samples were not found,
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analyses failed, or insufficient material was available for analysis and
caused missing vitamin D, measurements in 342 neonates. After im-
putation on covariates these individuals were excluded leaving 1072
neonates conceived by IVF and 1105 neonates from the general
population for the main analysis.

General characteristics of 1072 IVF-conceived neonates and
1105 neonates from the general population are presented in Table 1.
The median vitamin D, level was higher among IVF-conceived neo-
nates than neonates from the general population with median vita-
min D, levels at 33.0nmol/L (IQR 21.3-48.8 nmol/L) and 24.0 nmol/L
(IQR 14.1-39.3nmol/L) in the two groups, respectively.

The crude linear regression showed a higher level of vitamin
D, among the IVF-conceived neonates (8.8nmol/L, 95% CI 7.0-
10.6nmol/L) (Table 2). The adjusted analysis based on the imputed
data set also showed higher mean levels of vitamin D, among the
IVF-conceived neonates compared with the neonates from the
general population. IVF-conceived neonates had 6.1nmol/L (95%
Cl 4.1-8.1nmol/L) higher mean level of vitamin D, (Table 2). As ex-
pected, neonates born in the fall had higher levels of vitamin D, com-
pared with neonates born in other seasons. Similarly, neonates born
to mothers of European origin and non-smokers as well as firstborn
neonates had higher levels of vitamin D, (data not shown). Complete
case analyses showed similar results (see Table S1). Adjusted analysis
restricted to the population of European origin also showed similar
results (data not shown).

Stratified analyses by gestational age showed that I[VF-conceived
neonates had a higher mean vitamin D, irrespective of being born
premature or at term (Table 3). Stratified analyses on parity like-
wise showed that vitamin D levels of IVF-conceived neonates were
higher irrespective of the mother being primiparous or multiparous
(Table 3).

4 | DISCUSSION

We found a higher level of vitamin D, among neonates conceived
by IVF compared with neonates from the general population, even
after controlling for putative confounders; the adjusted difference
was 6.1 nmol/L (95% Cl 4.1-8.1 nmol/L).

Neonatal vitamin D levels have been shown to be closely re-
lated to levels of the mother.%° During pregnancy, the fetal vitamin
D levels are dependent on maternal supply. In the present study,
the higher vitamin D, level among IVF-conceived neonates com-
pared with neonates from the general population could potentially
reflect a difference in underlying maternal status and imaginably
suggest a higher motivation for a generally healthy lifestyle among
women achieving pregnancy and childbirth after fertility treatment.
Couples undergoing fertility treatment are information seeking and
motivated to change lifestyle in order to increase their chances of
becoming parents.2%? Furthermore, previous studies have shown
that women undergoing ART with higher levels of vitamin D have a
better chance for achieving a clinical pregnancy®” and live birth.%? If
this association is limited to women undergoing ART, this may partly

explain the higher level of vitamin D, among the IVF-conceived neo-
nates than the neonates from the general population. Under the as-
sumption that the proportion of pregnancy planners is higher among
mothers in the IVF group than in the group representing the general
population, the mothers using IVF may, to a greater extent, adhere to
national recommendations including taking pre-pregnancy vitamin
supplementation and vitamin D supplementation during pregnancy
and enabling higher vitamin D levels among the IVF-conceived ne-
onates, as also suggested by the seasonal data where differences
are seen only in the dark months. Vitamin D is considered an es-
sential micronutrient because of the risk of disease across all ages
in case of vitamin D deficiency.>® Without vitamin D supplements
the established level during fetal life has been shown to drop to

h.° This decrease in

rickets-level during the first 6 weeks after birt
vitamin D underlines the importance of measuring vitamin D shortly
after birth, which was successfully done in this cohort. The Danish
Health Authorities have recommended vitamin D supplementation
during pregnancy since the late 1990s.% Infants are recommended
to receive a supplement of vitamin D from 2weeks after birth until
4years of age. The routine PKU screening is performed 48-72h after
birth; so, no significant external supply of vitamin D influences the
blood samples.

Previous studies on vitamin D levels based on DBSS in Denmark
have examined the association between vitamin D levels and clinical
outcomes. A low level of vitamin D has been found to be associ-
ated with impaired development of the lungs and immune system,
because high neonatal vitamin D levels were found to reduce the
risk of childhood asthma.®* Neonatal vitamin D status has also been
associated with neurological development, and individuals with low
vitamin D levels were found to have slightly lower cognitive abil-
ity.3> High neonatal vitamin D levels were found to be associated
with higher risk of childhood epilepsy.®® Both high and low quintiles
of vitamin D levels were found to be associated with mental disor-
derin later life, manifested as schizophrenia,37 whereas no increased
odds were seen for development of myopia among male individuals
with a low vitamin D level compared with the remaining quintiles of
vitamin D.38

Hence, from a public health point of view, our findings may
suggest that children conceived through ART treatment, may have
lower risk of the above long-term conditions associated with low vi-
tamin D status at birth.

At the same time, however, children born after ART treatment
may be at increased risk of some somatic disorders, e.g. asthma and
epilepsy.3?4°

This current study may be a first step to understanding any un-
derlying mechanisms behind these associations. If children born
following ART have higher levels of vitamin D than newborns rep-
resenting the background population, this would potentially be a
mechanism behind the associations described for higher rates of
epilepsy but would clearly not be an explanation for any associations
with asthma.

Future studies, including potential studies based on this cohort,
could help to disentangle such mediation.
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WALKER ET AL.
TABLE 2 Crude and adjusted mean differences (95% Cl) of
= vitamin D levels (nmol/L) among 1072 IVF and 1105 neonates from
o the general population.
-_‘§ Estimate (SE) 95% CI p value
g Crude analysis
_ Neonate from the Reference
g © general population
‘I-I. Eé) IVF-conceived neonate 8.8 (0.9) (7.0-10.6) <0.0001
L:’ a .g Adjusted analysis®
'1-_"% “:’ § Neonate from the Reference
§_ g go general population
f.;‘ % IVF-conceived neonate 6.1(1.0) (4.1-8.1) <0.0001
g g Note: Cl, confidence interval; IVF, in vitro fertilization; SE, standard
2 I B S errer _— |
E X 0 N n = = Adjusted for season, maternal ethnicity, parity, maternal education,
o L and maternal age.
5 g
g S+ o ® N o é
g R&°3 55
zl = g There were several strengths in our study. First, the sample sizes
z_ minimized the risk of type Il errors. All estimates of associations are
b given with 95% Cl, enabling evaluation of uncertainty due to random
= i:? error. Second, all samples were analyzed at the same national labo-
% g ratory eliminating the risk of systematic errors between the groups,
% § and the reported association may not be distorted in this regard.
= & Third, the covariates used in the analyses were based on information
% from the Danish national registers, which are documented to deliver
f{ high-quality variables, 234 whereby misclassification is unlikely to
g’ distort the associations.
5 ;‘ Participants in research studies generally tend to be healthier,
| e 2 married, and better educated than the background population.
g § ;E'j However, participation in the present study was not restricted to
‘|-I| E E voluntary commitment because the study is register based. Hence,
L;: _% the results from our study are anticipated to be generalizable to the
e £ Danish population of neonates.
§ ° 2 ": g $ :'2 I'>" However, some limitations need to be considered. In epidemi-
- o v ~ i =
.aZJ g‘;‘o ological research, missing data are unavoidable. Selecting the most
§ g appropriate analytical method to deal with missing data is crucial
$ o0 N O o < z to provide unbiased estimates. Missingness was associated with
LZL c 53 ® 8 N g the covariate maternal ethnicity and was not missing completely at
4°C-" random. Missingness was not associated with the outcome, why a
g complete case analysis would yield unbiased estimates. However,
g Td discarding data would result in loss of statistical power and pre-
jg 59 cision. The primary analysis was based on multiple imputation in-
§) .g cluding auxiliary variables to provide information on the missing
§ § variables and support the missing at random assumption.
_ f; §° Missingness on the outcome was primarily a result of lack of
§ § > “é sample material, uncertain sample identity, or loss of the DBSS card,
£ .5 g § " g which are all anticipated to be unrelated to the value of the vitamin
§ § - % g % a‘é" % g D level or covariates and thereby not introducing bias.
= 3 2 £ o g 5 5 .; s %_ The measurement of vitamin D in DBSS analyzed by liquid chro-
: TE“ g % w Gz Té *E < .?_:D = é matography tandem mass spectrometry has been found to accurately
n_n' *;-"; § § § § % g § E § f; reflect plasma concentrations.*? However, differences in the analyti-
IE = = < g cal methods used in recent decades complicates comparison across
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Pre-term (<37 weeks)

Reference
11.0(3.3-18.6)

General population neonates

IVF-conceived neonates

Primiparous
General population neonates Reference
IVF-conceived neonates 5.4(2.8-8.1)

Note: Cl, confidence interval; IVF, in vitro fertilization.

TABLE 3 Adjusted® mean differences

e (95% Cl) of vitamin D levels (nmol/L)

Reference among IVF-conceived neonates and

5.6 (3.5-7.6) neonates from the general population
. stratified by term and parity.

Multiparous

Reference

7.1(4.1-10.1)

4Adjusted for season, maternal ethnicity, maternal age, maternal education, and maternal smoking

and additionally for parity in the term analysis.

studies, since the 25(0OH)D level is reported to vary considerably.*®
In the present study, all vitamin D measurements are completed at
the same laboratory, hence technical factors like temperature, light,
or repeated freeze-thawing are considered not to affect the validity
of the difference in vitamin D concentration.** Furthermore, in the
present study the results are limited to measurements of only one
of the metabolites, D, because most of the D, measurements were
below the LLOQ.

Important confounding factors were identified and included in
our final model. Information on maternal BMI and socio-economic
status were not available. Obesity is known to have a negative
impact on vitamin D through several biological and social mecha-
nisms, including preferences for selected food items low in vitamin
D, low sun exposure and possible accumulation in adipose tis-
sue.*> Women with obesity generally have lower vitamin D levels
compared with women with normal weight in early pregnancy.‘“’
Besides a prolonged time to pregnancy there is an increased risk of
several pregnancy and birth-related complications among women
with a BMI above the normal range, for example early miscarriage
and stillbirth.*”~4?

In the Danish cohort study “Aarhus Birth Cohort” the propor-
tion of women with overweight or obesity before pregnancy were
found to be higher among women who became pregnant after fertil-
ity treatment compared with fertile women.>° If this distribution of
BMl is also present in our study, the adjusted estimated difference
in vitamin D, concentration of 6.1nmol/L (95% CI 4.1-8.1nmol/L) in

favor of the IVF-conceived neonates, may be underestimated.

5 | CONCLUSION

The vitamin D level is higher among neonates conceived by IVF
compared with neonates from the general population. Future stud-
ies should investigate whether the difference in vitamin D levels at
birth may influence long-term disease risk in children born after IVF
treatment versus children from the general population.

AUTHOR CONTRIBUTIONS

Ulrik Schigler Kesmodel: conceptualization, methodology, writing—
review and editing, supervision. Berit Lilienthal Heitmann: concep-
tualization, methodology, investigation, writing—review and editing,
supervision. Arieh Cohen: validation, formal analysis, investigation,

resources. Ina Olmer Specht: methodology, software, validation,
investigation, data curation, writing - review and editing. Fanney
Thorsteinsdottir: methodology, software, validation, formal analy-
sis, investigation, data curation, writing—review and editing. Karen
Christina Walker: methodology, software, validation, formal analy-
sis, investigation, data curation, writing original draft, visualization,
project administration. Sofie Gry Pristed: methodology, writing orig-

inal draft, project administration.

ACKNOWLEDGMENTS

The authors wish to acknowledge Jette Frost Jepsen (Librarian,
Medical Library, Aalborg University Hospital, Aalborg, Denmark) for
assistance with the literature search. This research has been con-
ducted using the Danish National Biobank resource, supported by

the Novo Nordisk Foundation.

FUNDING INFORMATION

The study was financially supported by a grant from Herlev University
Hospital and by The Danish Council for Strategic Research (11-
116213). The Parker Institute was supported by a core grant from
the Oak Foundation (grant agreement number OCAY-18-774-OFIL).

CONFLICT OF INTEREST STATEMENT
The authors report no financial or personal interests.

ETHICS STATEMENT

The Ethical Committee of the Capital Region of Denmark granted
permission to conduct the study (H-3-2011-126) on November
29, 2011 and the Danish Data Protection Agency provided per-
mission to process data (2012-41-1156). The Danish Health Data
Authority and Statistics Denmark granted permission to use regis-
ter data. The steering committee for scientific use of the Biological
Specimen Bank for Neonatal Screening granted permission to use
the DBSS.

ORCID

Karen Christina Walker "= https://orcid.org/0000-0001-9867-1416
Fanney Thorsteinsdottir "= https://orcid.org/0000-0002-3070-782X
https://orcid.org/0000-0002-3114-4715
https://orcid.
org/0000-0002-6809-4504

Ulrik Schigler Kesmodel "= https://orcid.org/0000-0003-3868-106X

Ina Olmer Specht
Berit Lilienthal Heitmann

958917 SUOLULIOD SAIE8.1D) 3! (dde ay) Ag peusenob ale sspie WO ‘8sN JO S3|nJ oy Aelg1 SUIIUO 8|1 UO (SUOTIPUOI-pUe-SWS)W0d" A3 | Alelq /U1 |UO//:SA1IY) SUORIPUOD pue SWS L 84} 89S *[202/70/6T] U0 Aiqiaulluo AS|IM ‘6T8YT SBoe/TTTT OT/I0p/wWod AS|imAseudijputjuo uABaoy/:sdny wouy papeojumod ‘0 ‘2T#0009T


https://orcid.org/0000-0001-9867-1416
https://orcid.org/0000-0001-9867-1416
https://orcid.org/0000-0002-3070-782X
https://orcid.org/0000-0002-3070-782X
https://orcid.org/0000-0002-3114-4715
https://orcid.org/0000-0002-3114-4715
https://orcid.org/0000-0002-6809-4504
https://orcid.org/0000-0002-6809-4504
https://orcid.org/0000-0002-6809-4504
https://orcid.org/0000-0003-3868-106X
https://orcid.org/0000-0003-3868-106X

Nordiska Ministerradet;

WALKER ET AL.

22. Jglving LR, Erb K, Ngrgard BM, Fedder J, Larsen MD. The Danish

REFERENCES National Register of assisted reproductive technology: content and

1. Fauser BC. Towards the global coverage of a unified registry of IVF research potentials. Eur J Epidemiol. 2021;36:445-452.
outcomes. Reprod Biomed Online. 2019;38:133-137. 23. Bliddal M, Broe A, Pottegérd A, Olsen J, Langhoff-Roos J. The
2. Inhorn MC, Patrizio P. Infertility around the globe: new thinking on Danish medical birth register. Eur J Epidemiol. 2018;33:27-36.
gender, reproductive technologies and global movements in the 24. Eyles D, Anderson C, Ko P, et al. A sensitive LC/MS/MS assay of
21st century. Hum Reprod Update. 2015;21:411-426. 250H vitamin D3 and 250H vitamin D2 in dried blood spots. Clin
3. Lerchbaum E, Obermayer-Pietsch B. Vitamin D and fertility: a sys- Chim Acta. 2009;403:145-151.
tematic review. Eur J Endocrinol. 2012;166:765-778. 25. Eyles DW, Morley R, Anderson C, et al. The utility of neonatal

4. Moller UK, Streym S, Heickendorff L, Mosekilde L, Rejnmark L. dried blood spots for the assessment of neonatal vitamin D status.
Effects of 250HD concentrations on chances of pregnancy and Paediatr Perinat Epidemiol. 2010;24:303-308.
pregnancy outcomes: a cohort study in healthy Danish women. Eur 26. Carter GD, Berry J, Durazo-Arvizu R, et al. Hydroxyvitamin D as-
J Clin Nutr. 2012;66:862-868. says: an historical perspective from DEQAS. J Steroid Biochem Mol

5. Somigliana E, Paffoni A, Lattuada D, et al. Serum levels of Biol. 2018;177:30-35.
25-hydroxyvitamin D and time to natural pregnancy. Gynecol 27. Hughes RA, Heron J, Sterne JAC, Tilling K. Accounting for missing
Obstet Invest. 2016;81:468-471. data in statistical analyses: multiple imputation is not always the
6. Rudick BJ, Ingles SA, Chung K, Stanczyk FZ, Paulson RJ, Bendikson answer. Int J Epidemiol. 2019;48:1294-1304.
KA. Influence of vitamin D levels on in vitro fertilization outcomes 28. Kontopantelis E, White IR, Sperrin M, Buchan |. Outcome-sensitive
in donor-recipient cycles. Fertil Steril. 2014;101:447-452. multiple imputation: a simulation study. BMC Med Res Methodol.
7. Zhao J, LiuS,WangY, et al. Vitamin D improves in-vitro fertilization 2017:17:2.
outcomes in infertile women with polycystic ovary syndrome and 29. Nguyen CD, Carlin JB, Lee KJ. Model checking in multiple im-
insulin resistance. Minerva Med. 2019;110:199-208. putation: an overview and case study. Emerg Themes Epidemiol.
8. Chu J, Gallos I, Tobias A, et al. Vitamin D and assisted reproduc- 2017;14:8.
tive treatment outcome: a prospective cohort study. Reprod Heal. 30. Markestad T. Effect of season and vitamin D supplementation on
2019;16:106. plasma concentrations of 25-hydroxyvitamin D in Norwegian in-
9. Polyzos NP, Anckaert E, Guzman L, et al. Vitamin D defi- fants. Acta Paediatr Scand. 1983;72:817-821.
ciency and pregnancy rates in women undergoing single em- 31. Homan G, Litt J, Norman RJ. The FAST study: Fertility ASsessment
bryo, blastocyst stage, transfer (SET) for IVF/ICSI. Hum Reprod. and advice targeting lifestyle choices and behaviours: a pilot study.
2014;29:2032-2040. Hum Reprod. 2012;27:2396-2404.

10. Cozzolino M, Busnelli A, Pellegrini L, Riviello E, Vitagliano A. 32. Porter M, Bhattacharya S. Helping themselves to get pregnant:
How vitamin D level influences in vitro fertilization outcomes: a qualitative longitudinal study on the information-seeking be-
results of a systematic review and meta-analysis. Fertil Steril. haviour of infertile couples. Hum Reprod. 2008;23:567-572.
2020;114:1014-1025. 33. Sandstrém B, Aro A, Becker W, Lyhne N, Pedersen JI, Porsdéttir

11. Chu J, Gallos |, Tobias A, Tan B, Eapen A, Coomarasamy A. Vitamin I. Nordiska Ndringsrekommendationer 1996. 3. [Nordic Nutritional
D and assisted reproductive treatment outcome: a systematic re- Recommendations] Képenhamn.
view and meta-analysis. Hum Reprod. 2018;33:65-80. 1996:103-108.

12. Bodnar LM, Catov JM, Simhan HN, Holick MF, Powers RW, Roberts 34. Thorsteinsdottir F, Cardoso |, Keller A, et al. Neonatal vitamin D
JM. Maternal vitamin D deficiency increases the risk of preeclamp- status and risk of asthma in childhood: results from the D-Tect
sia. J Clin Endocrinol Metab. 2007;92:3517-3522. study. Nutrients. 2020;12:842.

13. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357:266-281. 35. Specht 10, Janbek J, Thorsteinsdottir F, Frederiksen P, Heitmann

14. Randev S, Kumar P, Guglani V. Vitamin D supplementation in child- BL. Neonatal vitamin D levels and cognitive ability in young adult-
hood - a review of guidelines. Indian J Pediatr. 2018;85:194-201. hood. Eur J Nutr. 2020;59:1919-1928.

15. Ross AC, Manson JE, Abrams SA, et al. The 2011 report on dietary 36. Specht 10, Thorsteinsdottir F, Walker KC, Olsen J, Heitmann BL.
reference intakes for calcium and vitamin D from the Institute of Neonatal vitamin D status and risk of childhood epilepsy. Epilepsia.
Medicine: what clinicians need to know. J Clin Endocrinol Metab. 2020;61:1282-1290.
2011;96:53-58. 37. McGrath JJ, Eyles DW, Pedersen CB, et al. Neonatal vitamin D

16. Nissen J, Rasmussen LB, Ravn-Haren G, et al. Common variants in status and risk of schizophrenia: a population-based case-control
CYP2R1 and GC genes predict vitamin D concentrations in healthy study. Arch Gen Psychiatry. 2010;67:889-894.

Danish children and adults. PLoS One. 2014;9:e89907. 38. Specht 10, Jacobsen N, Frederiksen P, Heitmann BL. Neonatal vi-

17. Hasan HA, Barber TM, Cheaib S, Coussa A. Preconception vitamin tamin D status and myopia in young adult men. Acta Ophthalmol.
D level and in vitro fertilization: pregnancy outcome. Endocr Pract. 2020:;98:500-505.
2023;29:235-239. 39. Kettner LO, Henriksen TB, Bay B, Ramlau-Hansen CH, Kesmodel

18. Kovacs CS. Vitamin D in pregnancy and lactation: maternal, fetal, US. Assisted reproductive technology and somatic morbidity in
and neonatal outcomes from human and animal studies. Am J Clin childhood: a systematic review. Fertil Steril. 2015;103:707-719.
Nutr. 2008;88:5205-528S. 40. Kettner LO, Kesmodel US, Ramlau-Hansen CH, et al. Fertility

19. WangC, Gao J, LiuN, Yu S, Qiu L, Wang D. Maternal factors associ- treatment and childhood epilepsy—a Nationwide cohort study of
ated with neonatal vitamin D deficiency. J Pediatr Endocrinol Metab. 565,166 live births. Epidemiology. 2017;28:412-418.
2019;32:167-172. 41. Andersen AN, Westergaard HB, Olsen J. The Danish in vitro fertili-

20. von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, sation (IVF) register. Dan Med Bull. 1999;46:357-360.
Vandenbroucke JP. The strengthening the reporting of ob- 42. Heath AK, Williamson EJ, Ebeling PR, Kvaskoff D, Eyles DW, English
servational studies in epidemiology (STROBE) statement: DR. Measurements of 25-hydroxyvitamin D concentrations in ar-
guidelines for reporting observational studies. Int J Surg. chived dried blood spots are reliable and accurately reflect those in
2014;12:1495-1499. plasma. J Clin Endocrinol Metab. 2014;99:3319-3324.

21. Pedersen CB, Ggtzsche H, Mgller J@, Mortensen PB. The Danish 43.

civil registration system. Scand J Public Health. 2011;39:22-25.

Mejborn H, Andersen R, Lea B, et al. D-vitamin Opdatering af vi-
denskabelig evidens for D-vitamin. [Vitamin D Update of scientific

958917 SUOLULIOD SAIE8.1D) 3! (dde ay) Ag peusenob ale sspie WO ‘8sN JO S3|nJ oy Aelg1 SUIIUO 8|1 UO (SUOTIPUOI-pUe-SWS)W0d" A3 | Alelq /U1 |UO//:SA1IY) SUORIPUOD pue SWS L 84} 89S *[202/70/6T] U0 Aiqiaulluo AS|IM ‘6T8YT SBoe/TTTT OT/I0p/wWod AS|imAseudijputjuo uABaoy/:sdny wouy papeojumod ‘0 ‘2T#0009T



44,

45.

46.

47.

48.

49.

WALKER ET AL.

evidence for vitamin D]. Danish. 1st ed. DTU Fadevareinstituttet;
2010:84.

Keller A, Thorsteinsdottir F, Stougaard M, et al. Vitamin D con-
centrations from neonatal dried blood spots and the risk of early-
onset type 2 diabetes in the Danish D-tect case-cohort study.
Diabetologia. 2021;64:1572-1582.

Bosdou JK, Konstantinidou E, Anagnostis P, Kolibianakis EM, Goulis
DG. Vitamin D and obesity: two interacting players in the field of
infertility. Nutrients. 2019;11:1455.

Karlsson T, Andersson L, Hussain A, et al. Lower vitamin D status
in obese compared with normal-weight women despite higher vita-
min D intake in early pregnancy. Clin Nutr. 2015;34:892-898.
Ramlau-Hansen CH, Thulstrup AM, Nohr EA, Bonde JP, Sgrensen
TIA, Olsen J. Subfecundity in overweight and obese couples. Hum
Reprod. 2007;22:1634-1637.

Salihu HM. Maternal obesity and stillbirth. Semin Perinatol.
2011;35:340-344.

Zhou 'Y, Li H, Zhang Y, Zhang L, Liu J, Liu J. Association of Maternal
Obesity in early pregnancy with adverse pregnancy outcomes:
a Chinese prospective cohort analysis. Obesity (Silver Spring).
2019;27:1030-1036.

50. Wisborg K, Ingerslev HJ, Henriksen TB. IVF and stillbirth: a pro-

spective follow-up study. Hum Reprod. 2010;25:1312-1316.

SUPPORTING INFORMATION

Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Walker KC, Pristed SG,
Thorsteinsdottir F, et al. Vitamin D, among neonates born
after in vitro fertilization compared with neonates from the

general population. Acta Obstet Gynecol Scand. 2024;00:1-10.

doi:10.1111/a0gs.14819

958917 SUOLULIOD SAIE8.1D) 3! (dde ay) Ag peusenob ale sspie WO ‘8sN JO S3|nJ oy Aelg1 SUIIUO 8|1 UO (SUOTIPUOI-pUe-SWS)W0d" A3 | Alelq /U1 |UO//:SA1IY) SUORIPUOD pue SWS L 84} 89S *[202/70/6T] U0 Aiqiaulluo AS|IM ‘6T8YT SBoe/TTTT OT/I0p/wWod AS|imAseudijputjuo uABaoy/:sdny wouy papeojumod ‘0 ‘2T#0009T


https://doi.org/10.1111/aogs.14819

	Vitamin D3 among neonates born after in vitro fertilization compared with neonates from the general population
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study design
	2.2|Data sources
	2.3|Study population
	2.4|Assessment of vitamin D concentrations
	2.5|Covariates
	2.6|Statistical analyses

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	REFERENCES


