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Background: Vitamins A and D are essential for the health of pregnant women
and infants. Nevertheless, the relationship between umbilical cord blood vitamins
A and D levels and the physical growth of exclusively breastfed infants
remains uncertain.

Objective: This cohort study aims to examine the relationship between cord
blood vitamins A and D levels and the physical growth of exclusively breastfed
infants aged 0—6 months.

Methods: 140 singleton mother—infant pairs were recruited in total.
Questionnaires were used to collect maternal and infant information, and
liquid chromatography was utilized to quantify the levels of vitamins A and D in
the umbilical cord blood. Anthropometric measurements were conducted at
birth, at 3 and 6 months of age, and the weight-for-age z-score (WAZ), length-
for-age z-score (LAZ), head circumference-for-age z-score (HAZ), and BMI-for-
age z-score (BMIZ) were calculated. Univariate and multivariate linear regression
models were used for the analysis.

Results: The average concentration of vitamins A and D in cord blood was 0.58 +
0.20 umol/L and 34.07 + 13.35 nmol/L, both below the normal range for children.
After adjusting for confounding factors, vitamin A levels in cord blood positively
correlated with HAZ growth in infants aged 3—6 months (3= 0.75, P < 0.01) while
vitamin D levels negatively correlated with LAZ growth (3= —-0.01, P = 0.01) and
positively correlated with BMIZ growth (B= 0.02, P < 0.01).

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1394408/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1394408/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1394408/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1394408/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1394408/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1394408&domain=pdf&date_stamp=2024-07-26
mailto:chenli@cqmu.edu.cn
mailto:chenli2012@126.com
https://doi.org/10.3389/fendo.2024.1394408
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1394408
https://www.frontiersin.org/journals/endocrinology

Zhao et al.

10.3389/fendo.2024.1394408

Conclusion: Higher Vitamin A levels at birth promote HAZ growth in infants aged
3—6 months while higher vitamin D levels at birth promote BMIZ growth in infants

aged 3-6 months.

Clinical trial registration: https://register.clinicaltrials.gov, identifier NCT04017286.
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1 Introduction

Vitamin A insufficiency during pregnancy continues to pose a
substantial public health concern in numerous developing nations.
In 2014, the Chinese Nutrition Society recommended
supplementation with vitamin A preparations in the mid to late
stages of pregnancy to alleviate the health problems caused by
vitamin A deficiency in pregnant women and fetuses (1). Despite
these recommendations, a large-scale survey in China in 2022 found
inadequate and deficient rates of 8.36%-10.38% for vitamin A
during pregnancy, which was associated with insufficient intake of
vitamin A-rich foods during pregnancy, improper use of vitamin A
supplements, and inappropriate cooking methods (2). Vitamin A is
crucial to visual development, organ and skeletal development, and
maintenance of immune system function in fetuses and infants (3).
Multiple studies have explored the association between cord blood
vitamin A levels and anthropometric measurements at birth;
however, the conclusions have been inconsistent. Ghebremeskel
reported a significant and positive correlation between cord blood
vitamin A levels and birth weight, head circumference, and length
(4). But, another report mentioned that the cord blood vitamin A
levels only positively correlated with birth weight, but not with head
circumference or length at birth (5). Studies remain limited on the
association between cord blood vitamin A levels and early
infant growth.

Vitamin D deficiency during pregnancy is prevalent worldwide,
with higher prevalence rates in Middle Eastern and Asian countries
(6). In certain regions of China, during pregnancy, vitamin D
insufficiency can affect up to 75% (7), and is primarily associated
with factors such as the duration of sunlight exposure, dietary habits,
skin pigmentation, and vitamin D supplementation (8). As we know,
during gestational period, vitamin D is involved in the development
of the fetal reproductive system, differentiation of adipocytes, and
regulation of bone metabolism (9, 10), thus influencing the birth
weight and skeletal development of the fetus (11). Increasing evidence
suggests that vitamin D levels at birth affect the postnatal growth of
offspring. Dalgard et al. observed that newborns with cord blood
vitamin D concentrations >50 nmol/L were 0.49 cm longer (95%
confidence interval [CI]: 0.05-0.93) than those with concentrations
<12 nmol/L (12). However, a new finding pointed out that the levels
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of vitamin D in cord blood (>50 nmol/L) were linked to slower
growth in infant length aged 0-6 months, with a decrease of 0.03
standard deviation scores in length for every 10 nmol/L increase in
cord blood vitamin D concentration (95% CL:—0.05- —0.01) (13).
Conversely, one report indicated that there was no association
between cord blood vitamin D levels and anthropometric
measurements of WAZ, LAZ, and BMIZ in infants (14). Similar
findings were presented by Streym, who found cord blood vitamin D
levels weren’t associated with WAZ growth during infancy (15).
However, the latter two studies did not consider the influence of
feeding practices (exclusive breastfeeding, mixed feeding, and
formula feeding) or complementary foods.

Vitamin A and vitamin D are essential for maintaining the
health of pregnant women and promoting the growth and
development of fetuses and infants. Currently, research is lacking
on the relationship between the cord blood levels of vitamins A and
D and the physical growth of exclusively breastfed infants within
the first six months. Therefore, our objective was to establish a
prospective birth cohort to elucidate the levels of cord blood
vitamins A and D and clarify the relationship between these
levels and the physical growth of exclusively breastfed infants
aged 0-6 months. The study results may provide effective clinical
and theoretical references for maternal prenatal health and early life
supplementation with vitamins A and D in infants.

2 Materials and methods
2.1 Study population

Healthy pregnant women attending obstetric clinics at
Chongging Wanzhou Health Center for Women and Children,
People’s Hospital of Chongqing Liangjiang New Area, and
Chongqing University Jiangjin Hospital in Chongqing, China,
were recruited for this study from September 2018 to July 2021.
After delivery, mother-infant pairs meeting the inclusion and
exclusion criteria were enrolled in the study, with parents signing
the informed consent form (parental version and infant version).
Additionally, parents completed baseline characteristic
questionnaires, including maternal age, prepregnancy height,
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prepregnancy weight, antenatal weight, smoking habits during
pregnancy, folic acid supplementation during pregnancy,
pregnancy complications, oral glucose tolerance test (OGTT)
results, maternal education level, ethnicity, maternal occupation,
pregnancy number, number of births, paternal height, and paternal
weight. The infant baseline questionnaire included information on
delivery mode, birth weight, birth date, sex, and gestational age at
birth. All infants underwent follow-up visits at 3 and 6 months,
during which anthropometric measurements (recumbent length,
weight, and head circumference), vitamin supplementation
(vitamins A and D) from birth to 6 months, and feeding practices
were recorded.

2.2 Inclusion and exclusion criteria

The inclusion criteria were: pregnant women without
malnutrition or chronic diseases, no history of long-term
medication use, no family history of developmental disorders
such as autism spectrum disorders, pregnant women without
severe pregnancy complications, and pregnant women without
neurological or psychiatric disorders, and singleton pregnancies.
The exclusion criteria were: newborns with a history of perinatal
asphyxia and a medical history severely affecting growth and
development, and infants who were not regularly followed up.
The withdrawal or termination criteria were miscarriage/induced
abortion, or voluntary withdrawal.

The study has been approved by the Ethics Committee of the
Children’s Hospital of Chongqing Medical University (Approval
Number (2017): Institutional Review Board (STUDY) No. 43-1), of
Chongqing Wanzhou Health Center for Women and Children
[Approval Number: (2018-010)], of People ‘s Hospital of
Chongqing Liangjiang New Area [Approval Number: (2018)
Institutional Review Board (STUDY) No. 1], of Chongqing
University Jiangjin Hospital [Approval Number: (20180913-1)].

2.3 Vitamins A and D measurement

During delivery, umbilical cord blood (1 mL) was immediately
collected from each neonate. The blood samples were stored in the
dark at 0°C-4°C. Samples were initially processed by centrifugation
to remove proteins and impurities. Subsequently, an extracting
agent was used to extract the target vitamins, and the resulting
supernatant was redissolved using a mobile phase (methanol and
pure water). The concentration of retinol (vitamin A) was
determined at a flow rate of 1.0 mL/min using high-performance
liquid chromatography (Agilent, USA). The concentration of 25
(OH)D [sum of 25(OH)D2 and D3] was measured at a flow rate of
0.6 mL/min using liquid chromatography-tandem mass
spectrometry (LC-MS/MS 8040; Shimadzu, Japan). Standard
curve equations were established based on the measured
concentrations of standard substances. The results for the quality
control (QC) and test samples were calculated using these
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equations. A batch is considered acceptable if the QC values fall
within the range of X + 3D, and the test results for the samples in
that batch are reported.

2.4 Anthropometric measurement at birth
and during infancy

In a dedicated room, measurements were conducted by
pediatric specialty nurses who had undergone standardized
training and demonstrated competence through assessments. For
the weight and recumbent length measurements, infants were
dressed only in underwear without shoes or diapers. Measured
values were adjusted by subtracting the underwear weight to obtain
the final weight of the accepted infants. Precision measurements
were performed using precise infant examination instruments with
an accuracy of 0.01 kg and 1 mm. Head circumference was
measured using a nonstretchable tape along the upper edge of the
infant’s right eyebrow, passing over the right ear above the occipital
prominence, and returning to the zero point at the intersection of
the left eyebrow with an accuracy of 1 mm. All measurements were
performed three consecutive times, and the average value was used.
We used the World Health Organization software 2011 V.3.2.2 for
WAZ, LAZ, HAZ and BMIZ at each of the three measurement
time points.

2.5 Vitamin A and D supplementation

All gravida were instructed to regularly take vitamin D3 at a
dose of 400 IU/day upon enrollment, with a recommendation for
oral intake of various vitamin formulations containing vitamin A.
To follow the infant nutrition and health guidelines (16), all infants
commenced vitamin D3 supplementation within the first week after
birth, with a minimum daily intake of 400 IU. In this study, infant
vitamin D supplementation was categorized into three methods:
90.0% of infants received oral vitamin AD combination drops (daily
intake of VA 450 pg RAE/d and VD3 500 IU); 6.4% of infants
alternated between oral vitamin AD combination drops (daily
intake of VA 450 pg RAE/d and VD3 500 IU) and vitamin D3
drops (daily intake of VD3 400 IU); and 2.9% of infants received
oral vitamin D3 drops (daily intake of VD3 400 IU).

2.6 Variables and definitions

The formula for calculating body mass index (BMI) was weight
(kg) divided by height (m) squared (kg/m?). Similarly, the formula
for calculating gestational weight increase was weight at delivery
minus pre-pregnancy weight (kg). Infant indices of 3-6 months
[WAZ(3-6), LAZ(3-6), HAZ(3-6), and BMIZ(3-6)] were
calculated by subtracting the Z scores at 3 months from those at
6 months, whereas indices of 0-3 months [WAZ(0-3)] were
determined by subtracting Z scores at birth from those at 3 months.
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2.7 Statistical analysis

Categorical variables are reported as frequencies (percentages),
and continuous variables are shown as mean + standard deviation
(SD). Univariate and multivariate linear regression models were
used to explore the association between cord blood vitamin A and
vitamin D levels and infant physical growth. Furthermore, we
examined the interaction between cord blood vitamins A and D.
QOutcome variables included WAZ(0-3), WAZ(3-6), LAZ(3-6),
HAZ(3-6), and BMIZ(3-6) within the first six months of infancy.
Confounding factors were determined based on a literature review
and professional knowledge.

Two linear regression models were used. The tables show the
unadjusted Model 1 and adjusted Model 2. Covariates corrected in
WAZ/HAZ/BMIZ multivariate linear regression models
encompassed maternal age, prepregnancy BMI, gestational weight
gain, gestational age, birth weight, pregnancy complications (present
or absent), fetal sex (male or female), and birth season (spring,
summer, autumn, or winter), vitamin A and vitamin D supplement
(VA 450 pg RAE/d and VD3 500 IU/d, alternated between (VA 450
pg RAE/d and VD3 500 1U/d) and (VD3 400 IU/d), VD3 400 IU/d).
Covariates adjusted in the LAZ multivariate linear regression model
included maternal age, maternal height, paternal height, gestational
weight gain, gestational age, birth weight, pregnancy complications
(present or absent), fetal sex (male or female), and season of birth
(spring, summer, autumn, and winter), vitamin A and vitamin D
supplement [VA 450 pug RAE/d and VD3 500 IU/d, alternated
between (VA 450 pg RAE/d and VD3 500 IU/d) and (VD3 400
IU/d), VD3 400 TU/d]. Residuals were plotted using linear regression
models to assess the normality and homoscedasticity. Statistical
analysis were described using regression coefficients (B estimates)
and corresponding 95% CI. IBM SPSS Statistics for Windows version
27 was applied for all analyses. P < 0.05 was significance.

3 Results

3.1 Baseline characteristics of the mother—
infant pairs

This prospective cohort study initially enrolled 200 mother-
infant pairs. However, during the study, 60 pairs were excluded for
reasons such as inability to obtain infant anthropometric
measurements at 3 months (n = 14), inability to obtain infant
anthropometric measurements at 6 months (n = 20), formula
feeding (n = 13), and mixed feeding (n = 13). Consequently, 140
mother-infant pairs were examined. Figure 1 displayed the
flowchart of participants.

The descriptive characteristics of the parents and infants in this
cohort are presented in Tables 1, 2. The average concentration of
vitamin A was 0.58 + 0.20 umol/L, which was below the normal
level for children (>1.05 umol/L). The average concentration of
vitamin D was 34.07 + 13.35 nmol/L, falling below the standard for
sufficient vitamin D levels in children (>50 nmol/L). During the
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follow-up period, the supplementation rates of infant vitamin A and
vitamin D3 were 96.45% and 99.29%, respectively.

3.2 Umbilical cord blood vitamin A and
infant anthropometric growth

Multivariate linear regression analysis revealed a positive
correlation between cord blood vitamin A and HAZ growth in
infants aged 3-6 months (B = 0.75, P < 0.01). No significant
correlation was present between vitamin A and WAZ growth in
infants aged 0-3 months or between WAZ, LAZ, and BMIZ growth
in infants aged 3-6 months (Table 3). Umbilical cord blood vitamin
A levels were categorized according to WHO and “Child Health
Science” (4th edition) (17, 18): The percentage of infants with
umbilical cord blood vitamin A of 0.70 umol/L-1.05 umol/L was
23.57%, 0.35 umol/L-0.70 wmol/L was 68.57%, and <0.35 wmol/L
was 6.42%.

3.3 Umbilical cord blood vitamin D and
infant anthropometric growth

Multivariate linear regression analysis demonstrated a negative
correlation between cord blood vitamin D and LAZ growth in infants
aged 3-6 months (§ = -0.01, P = 0.01), a positive correlation between
vitamin D and BMIZ growth in infants aged 3-6 months (B = 0.02,
P < 0.01). No significant correlation was observed between vitamin D
and WAZ growth in infants aged 0-3 months, or between WAZ and
HAZ growth in infants aged 3-6 months (Table 4). Umbilical cord
blood vitamin D levels were categorized based on WHO and
“Endocrine Society clinical practice guideline” (19, 20): The
percentage of infants with umbilical cord blood vitamin D in infants
was <50 nmol/L in 87.86%, 50 nmol/L-72.5 nmol/L in 11.43%.

Mother-infant pairs meeting the inclusion and
exclusion criteria signed the informed consent form
(parental version and infant version)
September 2018 to July 2021
(2=200)

\L 5| Excluded infants without physical indicators at 3
‘months (n=14)

[ Mother-infant pairs at 3 months (1=186) J

Excluded infants without physical indicators at 6 ]

months (n=20)

I —|

[ Mother-infant pairs at 6 months (n=166) ]

Excluded (1=26)
l, - 5 Formula feeding (n=13)
Mixed feeding (n=13)
Exclusively breastfed mother-infant pairs were
[ analyzed (n=140) ]

FIGURE 1
Participant flowchart
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TABLE 1 Parental demographic characteristics.

\ (%)

Maternal age <35 123 87.9

=235 17 12.1
Parity <1 47 33.6

>1 93 66.4
Gravidity primipara 80 57.1

multipara 60 429
Pregnancy no complications 100 71.4
complications

GDMP 20 14.3

GDM combined 3 2.1

with obesity

hypothyroidism 5 3.6

hypothyroidism 3 2.1

combined with obesity

gestational hypertension | 4 2.9

other 5 3.6
Pre- underweight 21 15.0
pregnancy BMI*

normal 96 68.6

overweight 23 16.4
Gestational inadequate 43 30.7
weight gain

appropriate 73 52.2

excessive 24 17.1
Paternal BMI underweight 2 1.4

normal 74 52.9

overweight 64 457

Values are mean + SD, or n (%).
“BMI, body mass index.
bGDM, gestational diabetes mellitus.

4 Discussion

This cohort finding investigated the association between cord
blood levels of vitamins A and D and the physical growth of
exclusively breastfed infants aged 0-3 and 3-6 months of age. We
discovered that the average concentrations of vitamin A and
vitamin D in cord blood were both below the normal values for
children. Higher vitamin A levels were linked to more noticeable
HAZ growth in infants aged 3-6 months. Additionally, lower
vitamin D levels had been related to increased LAZ growth and
lower BMIZ growth in infants aged 3-6 months. Importantly, these
findings were independent of maternal prepregnancy BMI and
gestational weight gain.

In our study, the mean of cord blood vitamin A was 0.58 + 0.20
pumol/L, with 98.56% of newborns having vitamin A levels <1.05
pmol/L. This may be related to the placental transport mechanism
of vitamin A and the maternal intake of vitamin A during
pregnancy. Owing to the absence of strict requirements for
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pregnant women to take various daily vitamin formulations
containing vitamin A, intermittent use of such products may
occur. Additionally, as vitamin A is a fat-soluble vitamin with a
lower placental transfer rate, cord blood vitamin A levels are
generally lower than maternal levels. The geographical location
and latitude of India are similar to those of Chongqing, where
vitamin D levels were generally low at birth, with at least 95.7% of
newborns having vitamin D levels <50 nmol/L (21). Similarly, in
our study, the average concentration of umbilical cord blood
vitamin D was 34.07 + 13.35 nmol/L, which was lower than 50
nmol/L, and the neonates with vitamin D deficiency in umbilical
cord blood were still as high as 87.86%. This could be linked to the
truth that approximately half of the vitamin D transported through
the placenta is derived from the maternal peripheral blood.
Furthermore, the unique topography and mountainous climate of
the Chongging region, characterized by reduced sunlight duration
and intensity, may also be a contributing factor to the diminished
levels of cord blood vitamin D. Our study findings indicate that the
prevalence of vitamin D deficiency remains relatively high among
pregnant women and their offspring at birth in our region.
Appropriate vitamin D supplementation is important to maintain
the optimal vitamin D status of pregnant women. Combined with
the requirements of international guidelines and Chinese guidelines
(19, 22), we recommend that pregnant women in our country
supplement with a minimum of 600 IU of vitamin D daily to
enhance umbilical cord blood vitamin D levels (23), thereby
addressing neonatal vitamin D insufficiency and deficiency.

Our results revealed a positive correlation between cord blood
vitamin A levels and HAZ growth in exclusively breastfed infants
aged 3-6 months. Specifically, for each 1 umol/L increase in cord
blood vitamin A concentration, infants between 3-6 months of age
experienced a 0.75-unit growth in HAZ. Previous research had
investigated the connection between cord blood vitamin A levels
and head circumference at birth. In 1994, Ghebremeskel observed a
relationship between vitamin A levels in cord blood and head
circumference at birth(r = 0.322, P = 0.004) (4). Subsequently, a
prospective cohort study by Elizabeth et al. revealed a substantial
positive correlation between umbilical cord blood retinol levels and
birth head circumference (§ = 0.01, P = 0.03) (24). However, several
studies have suggested a lack of correlation (5). Our results indicate
that higher cord blood vitamin A levels are beneficial for the growth
rate of infant head circumference, although the underlying
mechanisms remain unclear. Vitamin A promotes cranial bone
development, which is linked to its involvement in bone absorption
and reconstruction (25-27). Previous animal studies have suggested
that both excessively high and deficient serum vitamin A levels in
mice can impede cranial bone development (28-30), emphasizing
the importance of optimal vitamin A concentrations in facilitating
cranial bone development, and that as cord blood vitamin A is
transported from the placenta, its levels correlate with maternal
vitamin A levels during pregnancy (31). Research indicates that
adequate vitamin A intake in the late stages of pregnancy
contributes to elevated cord blood vitamin A levels in newborns
(5), promoting fetal and neonatal growth (32). Vitamin A deficiency
is more likely to occur due to the accelerated growth of the fetus in
late pregnancy; therefore, the World Health Organization
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TABLE 2 Infant demographic characteristics.

\ (%)
Birth weight low birth weight 5 3.6
normal birth weight 128 91.4
macrosomia 7 5.0
Birth season spring 6 4.3
summer 35 25.0
autumn 86 61.4
winter 13 9.3
Gender male 68 48.6
female 72 51.4
Gestational preterm birth 3 2.1
full-term birth 137 97.9
vaginal 86 61.4
Delivery mode
cesarean section 54 38.6
no supplement 1 0.7
VA 450 pg RAE/d® and VD3 126 90.0
Vitamin and 500 IU/d
vitamin alternated between (VA 450 ug | 9 6.4
D supplement g A/ and VD3 500 1U/d) and
(VD3 400 IU/d)
VD3 400 IU/d 4 29

Values are mean + SD, or n (%).
“RAE, retinol activity equivalents.

recommends initiating low-dose vitamin A supplementation from
mid to late pregnancy (3). We propose that appropriate
supplementation of vitamin A during pregnancy to maintain
higher cord blood vitamin A levels is advantageous for the early
growth of infant head circumference.

Additionally, this research showed a negative relationship
between LAZ growth in infants aged 3-6 months and vitamin D
levels. Specifically, for each 1 nmol/L reduction in cord blood

TABLE 3 Umbilical cord blood vitamin A and infant anthropometric growth.

10.3389/fendo.2024.1394408

vitamin D concentration, an additional 0.01 increase occurred in
LAZ in infants aged 3-6 months. The expert consensus on the
clinical application of vitamins A and D in Chinese children
recommended vitamin D supplementation for infants starting
from the first week of life (800 IU for preterm infants and 400 U
for full-term newborns) (33), aiming to promote the growth of
infants with vitamin D deficiency (34). Our findings indicated that,
under conditions of generally low cord blood vitamin D levels,
infants commence supplementation with the recommended dose of
vitamin D within 1-2 weeks after birth (supplementation rate of
99.29%), and that those with lower vitamin D levels at birth
exhibited a more pronounced increase in LAZ aged 3-6 months.
This aligns with the outcomes of previous research. In India, where
vitamin D insufficiency is prevalent, one finding emphasized that
weekly supplementation with 1400 IU of vitamin D3 can improve
linear growth in low-birth-weight infants (35). However, Wang
believed that there was no correlation between LAZ in infants and
cord blood vitamin D levels, which may be attributed to variations
in the grouping criteria for cord blood vitamin D levels and the lack
of adjustments for confounding factors, such as feeding practices
and complementary food (14). A prospective multi-ethnic cohort
finding showed that offspring of mothers with prenatal vitamin D
deficiency exhibited accelerated height growth during infancy,
which was considered to indicate a link with postnatal vitamin D
supplementation in infants; nevertheless, the details of infant
vitamin D supplementation were not examined in this study (36).
Interestingly, Hauta-Alus team revealed that slower infant growth
aged 0-6 months was linked to the cord blood vitamin D levels (>50
nmol/L), and an inverted U-shaped association could exist between
vitamin D levels and infant growth; both excessively high and low
vitamin D levels were associated with hindrances in infant physical
development (13). Therefore, our team hypothesized that infants
with lower cord blood vitamin D levels may experience a greater
impact from early postnatal vitamin D supplementation than those
with higher levels, promoting accelerated bone development and
height increase. The mechanism may be related to the kinetics of
vitamin D. The lower the baseline serum vitamin Dj level, the more
pronounced the increase in 25(OH)D levels after vitamin Dj

VAa‘b VA<
(95% Cl) (95% ClI)
WAZ (0-3) -0.55 (-1.32 - 0.23) 0.16 -0.39 (-1.17 - 0.39) 0.33
WAZ (3-6) 0.06 (-0.44 - 0.56) 0.82 0.24 (-0.31 - 0.78) 0.39
LAZ (3-6) 0.55 (-0.05 - 1.14) 0.07 0.67 (-0.01 - 1.34) 0.05
HAZ (3-6) 0.75 (0.29 - 1.20) <0.01 0.75 (0.24 - 1.27) <0.01
BMIZ (3-6) -0.21 (-0.89 - 0.47) 0.54 -0.03 (-0.79 - 0.73) 0.93

Data are presented as 3 and 95%CIL.
VA, umbilical cord blood vitamin A.

WAZ, weight-for-age z-scores; LAZ, length-for-age z-scores; HAZ, head circumference-for-age z-score; BMIZ, BMI-for-age z-scores.

"Model 1: unadjusted.

“Model 2: adjusted for maternal age, pre-pregnancy BMI, maternal height, paternal height, gestational weight gain, gestational age, birth weight, pregnancy complications (present, absent), fetal
sex (male, female), and season of birth (spring, summer, autumn, winter), vitamin A and vitamin D supplement (VA 450 pg RAE/d and VD3 500 IU/d, alternated between (VA 450 pg RAE/d and

VD3 500 IU/d) and (VD3 400 1U/d), VD3 400 IU/d).
Statistical significance was set at P < 0.05.
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TABLE 4 Umbilical cord blood vitamin D and infant anthropometric growth.

10.3389/fendo.2024.1394408

VDa,b VD3¢
(95% ClI) (95% ClI)
WAZ (0-3) 0.00 (-0.01 - 0.01) 0.84 0.00 (-0.02 - 0.01) 0.46
WAZ (3-6) 0.01 (0.00 - 0.01) 0.13 0.01 (0.00 - 0.01) 0.29
LAZ (3-6) -0.01 (-0.02 - 0.00) 0.06 -0.01 (-0.02 - 0.00) 0.01
HAZ (3-6) 0.00 (0.00 - 0.01) 0.36 0.00 (-0.01 - 0.01) 0.55
BMIZ (3-6) 0.02 (0.01 - 0.03) <0.01 0.02 (0.01 - 0.03) <0.01

Data are presented as § and 95%CI.
VD, umbilical cord blood vitamin D.

WAZ, weight-for-age z-scores; LAZ, length-for-age z-scores; HAZ, head circumference-for-age z-score; BMIZ, BMI-for-age z-scores.

"Model 1: unadjusted.

“Model 2: adjusted for maternal age, pre-pregnancy BMI, maternal height, paternal height, gestational weight gain, gestational age, birth weight, pregnancy complications (present, absent), fetal
sex (male, female), and season of birth (spring, summer, autumn, winter), vitamin A and vitamin D supplement (VA 450 pg RAE/d and VD3 500 IU/d, alternated between (VA 450 pg RAE/d and

VD3 500 1U/d) and (VD3 400 1U/d), VD3 400 I1U/d).
Statistical significance was set at P < 0.05.

supplementation (37). Although postnatal vitamin D
supplementation in infants can compensate for maternal vitamin
D deficiency during pregnancy, it is crucial to acknowledge the close
association between prenatal vitamin D deficiency and adverse
outcomes in fetal and neonatal development (6). Hence, we
recommend that gravidas, not only increasing their outdoor
activities and exposure to sunlight, but also considering
supplementation with an adequate amount of vitamin D to
preserve normal serum vitamin D levels and foster early growth
and development in infants.

Besides, BMIZ growth aged 3-6 months was favorably linked
with vitamin D levels. Thus, BMIZ growth decreases by 0.02 for
every 1 nmol/L decrease in cord blood vitamin D concentration in
infants aged 3-6 months. The past studies didn’t find a correlation
between cord blood vitamin D levels and WAZ, BMIZ, or body
composition (fat and fat-free mass) at 5 months; however, these
studies did not adjust for feeding practices (14, 38). Weiler revealed
that infants with lower cord blood vitamin D levels weighed more at
birth and within the first 15 days postnatally than infants with
higher levels (39). Conversely, infants with fewer levels of vitamin D
at birth exhibited slower BMIZ growth between 3 and 6 months of
age. The primary source of vitamin D in the human body is
synthesis in the skin through exposure to sunlight (UV radiation),
followed by vitamin D supplement and dietary intake, although few
foods contain significant amounts of vitamin D, moreover, breast
milk contains minim amounts of vitamin D (8). One finding
conducted in Indonesia revealed that 87% of offspring with
vitamin D deficiency (<50 nmol/L) at birth experienced a rise in
serum vitamin D levels to normal (=50 nmol/L) at the age of 6
months after prolonged exposure to sunlight postnatally, whereas
only 67% of offspring with sufficient cord blood vitamin D exhibited
an increase in serum vitamin D levels. This phenomenon indicates
that serum vitamin D levels rise more in infants with cord blood
vitamin D deficiency from 0 to 6 months of age (40). Another
systematic review and meta-analysis on infant vitamin D
supplementation indicated that infants with baseline 25(OH)D
concentrations <50 nmol/L experienced a more noteworthy
increase in serum 25(OH)D concentrations after supplementation
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with vitamin D2/D3 (100-1600 IU/d) than infants with baseline 25
(OH)D concentrations >50 nmol/L (58.2 nmol/L, 95%CI: 49.7-
66.6, vs. 28.6 nmol/L, 95%CI: 16.4-40.8; P = 0.001) (41). These may
be related to the kinetics of vitamin D (37). Vitamin D is stored in
adipocytes, and adipose tissue regulates its slow release (42).
Simultaneously, vitamin D inhibits adipocyte formation of
adipocytes (10). Therefore, we speculated that infants with lower
vitamin D levels at birth might exhibit a more pronounced rise in
serum vitamin D levels and have with a potentially more prominent
inhibitory effect on adipocyte differentiation and formation, leading
to decelerated BMIZ growth. A systematic review revealed a
significant reduction in the BMIZ at 3-6 years of age in offspring
supplemented with vitamin D during pregnancy or infancy
compared with BMIZ in offspring in the placebo or control
groups (43). In our investigation, infants with lower vitamin D
levels at birth may have experienced a substantial elevate in serum
vitamin D levels after postnatal supplementation. However,
whether the BMIZ growth in infants continues to slow with age
requires further clarification.

This study has clinical significance. No interaction was observed
between cord blood vitamin A and cord blood vitamin D levels,
confirming the independent impact of these factors on infant physical
growth outcomes. Furthermore, while existing research has explored
the relationship between cord blood vitamins A and D levels and
oftspring physical growth, prospective cohort studies examining the
connection between these levels and early-life physical growth in
exclusively breastfed infants are rare. For the analysis of the
dependent and independent variables in this study, we used
continuous variables rather than categorical variables, thereby
maximizing data integrity and avoiding information loss due to
discretization. Importantly, our primary focus was on the physical
growth trajectory between the two time points during the rapid
growth phase of infants as opposed to assessing physical indicators at
fixed time points, an aspect seldom addressed in other studies.

There were certain restrictions on this investigation. First, the
length and head circumference of the offspring at birth were
measured by obstetric nurses with nonuniform training while
subsequent follow-ups were conducted by pediatric nurses with
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standardized training. To ensure accuracy, the data on birth length
and head circumference were not included in the statistical analysis.
Second, the sample size in this study was relatively small, and the
duration was short. Subsequent research should involve larger
sample sizes, multicenter collaborations, and longer follow-up
periods to validate the effect of cord blood vitamins A and D on
infant physical growth. Third, a potential for significant recall bias
exists because of the extended duration of maternal pregnancy and
the complexity of oral supplementation with vitamin A and vitamin
D, so we could not obtain detailed and accurate supplementation
information. Furthermore, our study encompassed infants aged 0-6
months, and due to parental reluctance to subject their healthy
infants to frequent blood draws within a short timeframe, as well as
ethical considerations, we were unable to obtain vitamins A and D
levels from infants at 3 and 6 months of age. Additionally, due to the
postpartum confinement practices in China, we were unable to fully
investigate the dietary status of postpartum mothers. Despite the
minimal presence of vitamin D in breast milk, this may also be a
contributing factor. Lastly, although most infants in this cohort
were born in the fall and winter seasons (70.9%), we corrected for
the season of birth as a confounding factor; however, we did not
collect data on the duration of sunlight exposure for the infants.

In summary, the levels of vitamin A at birth promote HAZ
growth in infants aged 3-6 months while vitamin D levels facilitate
BMIZ growth during the same period but were negatively correlated
with LAZ. This discovery contributes to raising awareness among
healthcare professionals and parents regarding the nutritional
intake and monitoring of vitamins A and D during pregnancy. It
elucidates the association between umbilical cord blood levels of
vitamins A and D and infant physical growth, and assists clinical
staff in better explaining the differences in infant physical growth to
parents. We recommend adequate maternal nutrition during
pregnancy, increased exposure to sunlight, and moderate
supplementation of vitamins A and D are beneficial for infant
growth. Continued follow-up is necessary in later stages to assess
the extended growth trajectory of the infant and to provide data to
support maternal health management during pregnancy.
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