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Effects of vitamin D
supplementation on serum 25(0OH)
D, levels and neurobehavioral
development in premature infants

after birth
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This study explored the factors influencing serum 25(0OH)D, levels and the effects of Vitamin

D deficiency (VDD) and VD supplementation on 25(OH)D, levels and neuropsychobehavioral
development in premature infants, to provide a theoretical basis for improving their prognosis.
Physical examination, neuropsychobehavioral development and serum 25(0H)D, levels were assessed
regularly in 158 preterm infants supplemented with VD formulation. 25(OH)D, levels were analyzed at
3, 6,9, 12, and 18 months after birth. The Gesell neuropsychological development test was conducted
at6, 9, 12, and 18 months after birth to obtain the developmental quotient (DQ). Based on the

serum 25(OH)D, levels at 42 days of age, the infants were divided into VDD and non-VDD groups.
Preterm infants in the VDD group were supplemented with more VD until their 25(OH)D, levels were
normal, and were divided into sustained VDD (SVDD) and corrected VDD (CVDD) groups according to
serum 25(OH)D, levels at 3 months of age. Appropriate statistical methods were chosen to compare
differences in 25(OH)D, and DQ between or among different groups, screen for the factors influencing
25(0OH)D,; levels in preterm infants at 42 days of age, and analyze the relationship between 25(OH)

D, and DQ. The 25(0H)D, levels of preterm infants at 42 days of age were positively correlated with
VD supplementation during pregnancy, and before 42 days after birth (P < 0.05). The 25(0H)D; levels
in preterm infants at 42 days and 3 months of age were positively correlated with the DQ levels at 6,
9, 12, and 18 months of age (P < 0.05). The DQ level in the VDD group, especially SVDD group, was
lower than that in CVDD and non-VDD groups at the same time point (P < 0.05). This research thus
demonstrates that VD supplementations during pregnancy and after birth is a major factor affecting
25(0OH)D, levels in premature infants. Early VDD and SVDD can affect their neuropsychobehavioral
development, and effective VD supplementation can gradually correct VDD and mitigate this influence.
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Preterm birth rates are increasing in most countries, including China, and the number of premature babies in
China ranks second worldwide!. With the rapid development of perinatal and neonatal emergency medicine,
the ability to treat preterm infants has greatly improved. This progress has led to the survival of an increasing
number of critically ill preterm infants, such as very low birth weight/extremely low birth weight (VLBW/
ELBW) infants. The prognosis of preterm infants after discharge has received increasing attentions, especially
in terms of physical growth, bone metabolism and neuropsychobehavioral development, which are the main
problems faced by preterm infants during their growth and development?.

Vitamin D (VD) is an indispensable fat-soluble vitamin in the human body that plays critical roles in
multiple cellular processes, including maintaining skeletal and extraskeletal health®. 25(OH)D, is recognized
as the best indicator of VD nutritional status because of its stability and long half-life in the body*. Preterm
infants are at high risk of vitamin D deficiency (VDD, defined as a serum 25(0OH)D, level <50 nmol/L or 20
ng/mL) due to congenital deficiencies and limited nutrient supply after birth. Preterm infants are also prone to
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osteopenia of prematurity (OOP) because bone mineralization and calcium and phosphorus deposition in the
fetus mainly occurs in the last 3 months of pregnancy. In addition, many postnatal factors including insufficient
intake of VD, calcium and phosphorus, long-term parenteral nutrition, and the application of drugs that affect
bone metabolism, can aggravate bone mineralization deficiency and result in OOP, which can lead to growth
and development delay in childhood>®. It has also been shown that VD, which is thought to function as a
neurosteroid, may be an important modulator of brain development, and VDD during pregnancy has been
associated with worse neurodevelopmental outcomes in infants”®. Therefore, VD formulations may prove to
extremely important for preterm infants.

However, only a few relevant studies have been conducted in China. Regarding the postnatal VD levels
in preterm infants, whether VDD status can be prevented and corrected after VD supplementation, whether
sustained VDD (SVDD) will lead to delayed neuropsychobehavioral development of preterm infants, and
whether timely correction of VDD can prevent and improve OOP and neuropsychobehavioral development
of preterm infants, these issues can be considered urgent for follow-up of preterm infants in pediatric
healthcare clinic. Therefore, the purpose of this study was to explore the factors influencing serum 25(OH)
D, levels in premature infants, as well as the effects of VDD and VD supplementation on 25(OH)D, levels
and neuropsychobehavioral development in premature infants, to provide a theoretical basis for improving the
prognosis of premature infants.

Materials and methods

Subjects

This prospective study was approved by the Ethics Committee of Shanxi Medical University (2019LL183). We
confirm that all research was performed in accordance with relevant guidelines and regulations. The patient’s
guardian signed a written informed consent form before participating in the study and consented to the
publication of the study results. Data were collected from 158 premature infants (gestational age between 28
and 36 weeks) who underwent regular physical examination, developmental assessment and serum 25(OH)
D, level detection at the Department of Pediatric Health Care, Shanxi Children’s Hospital Affiliated to Shanxi
Medical University between January 2020 and October 2021. General data on the preterm infants were recorded,
including sex, gestational age, birth weight, birth length, head circumference, feeding status, serum 25(OH)D3
level and Gesell neuropsychological development test results.

Inclusion criteria and exclusion criteria

The inclusion criteria were as follows: (1) no serious complications after discharge, such as brain abnormalities
or central nervous system disorders, major congenital/chromosomal anomalies, and bone, gastrointestinal,
or kidney disease, and so on; (2) no serious pregnancy-related complications during the mother’s pregnancy;
(3) no diseases or use of drugs that affect calcium and VD metabolism; and (4) good compliance and timely
follow-up. The exclusion criteria were as follows: (1) serious complications after discharge (2), pregnancy-related
complications during the mother’s pregnancy (3), having bone fractures or injuries, and disorders of calcium or
VD metabolism, and (4) poor compliance.

Interventions and detections

The Vitamin D Deficiency and Vitamin D Deficiency Rickets Prevention and Treatment Recommendations
released by the National Rickets Prevention and Treatment Research Collaboration Group in 2015° proposed
that the main indicator for the early diagnosis of VDD and rickets is the serum 25(OH)D, level. The optimal
nutritional status of VD is a serum 25(OH)D, level of 50-250 nmol/L, whereas serum 25(OH)D, levels <50
nmol/L or >250 nmol/L are considered to be VDD or excess VD. Preterm infants were divided into VDD
group (25(OH)D, < 50 nmol/L) and non-VDD group (NVDD, 25(OH)D, > 50 nmol/L) according to the serum
25(OH)D, level at 42 days of age after the first follow-up. According to the guidelines>!’, participants were
instructed to add 800 IU/d VD (vitamin D, drops) until 3 months after birth, and then regularly visited to the
hospital for follow-up. Venous blood (2 ml) was collected at 3, 6, 9, 12, and 18 months after birth and serum
25(OH)D,; levels were detected using kits supplied by Roche Diagnostics GmbH according to the manufacturer’s
protocol to judge whether VDD in preterm infants had been prevented and corrected after VD supplementation.
The supplemental dosage of VD was adjusted according to the 25(OH)D, level until it reached to normal levels
and was continued until 2 years of age. At the end of all follow-ups, preterm infants with VDD were further
divided into two groups according to serum 25(OH)D, levels at 3 months of age: the SVDD and corrected VDD
group (CVDD).

According to the the guidelines®!?, the intervention measures of VD were performed as follows: for all
infants aged 42 days to 3 months: 800 IU/day VD; for the infants above 3 months of age, VD was supplemented
according to the latest serum 25(OH)D, level in combination with outdoor sun exposure time, such as 400-600
IU/day VD if 25(OH)D, > 50 nmol/L, 600-800 TU/day VD if 25(OH)D, was between 40 and 50 nmol/L, and 800
IU/d VD if 25(0H)D, < 40 nmol/L.

The Gesell neuropsychological development test was performed by professionals at 6, 9, 12 and 18 months
after birth, and the developmental quotient (DQ) was obtained in five functional areas: gross motor, fine motor,
adaptive behavior (cognition), language, and personal-social behavior. Interpretation of the results: DQ score > 85
points, indicating normal neurobehavioral development; DQ score >75 and < 85 points, indicating suspicious
delayed neurobehavioral development; DQ score <75 points, abnormal, indicating delayed development. If the
DQ score>75 and < 85 points, it is a “suspicious DQ case”, and if the DQ score <75 points, it is an “abnormal
DQ case”.
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Figure 1. Comparisons of serum 25(OH)D, levels in all preterm infants at different time points. ( **

indicates the comparison of 25(OH)D, levels between other time points and 42 days, P<0.01; # indicates the
comparison of 25(OH)D, levels between 3 m and 6 m, P<0.05, * indicates the comparison of 25(0OH)D, levels
between 6 m and 12 m, P<0.01).

Time points | All VDD cases(%) | VDD cases in VDD group(%) | VDD cases in NVDD group(%)
42 days 58(54.7) 58(100) 0(0)

3 months 21(19.8) 21(36.2) 0(0)

6 months 26(24.5) 24(41.4) 2(4.2)

9 months 2(1.9) 2(3.4) 0(0)

12 months 1(0.9) 1(1.7) 0(0)

18 months 0(0) 0(0) 0(0)

Table 1. The numbers and proportions of VDD cases at different time points in all preterm infants (n=106),
VDD (n=58) group, and NVDD group (n=48). Notes: VDD, vitamin D deficiency; NVDD, non-VDD group.

Statistical analysis

In this study, the statistical software GraphPad Prism5.0 was used for statistical analysis of the data.
Measurement data consistent with normal distribution or approximately normal distribution were represented
by mean =+ standard deviation (x+s). When the variance was homogeneous, t-test was used for comparisons
between two groups, one-way analysis of variance (one-way ANOVA) was used for comparisons among multiple
groups. Otherwise, Welch’s corrected t-test or the Kruskal-Wallis rank sum test was used. Enumeration data
were expressed as the number of people and composition ratio (%). Pearson’s linear correlation analysis and
multivariate linear regression analyses were used to screen for factors influencing serum 25(0OH)D, levels in
preterm infants at 42 days of age. Pearson’s linear correlation analyses was used to analyze the relationship
between 25(OH)D, and DQ. The comparison of 25(OH)D, or DQ at different time points was performed
within and between groups to determine whether early or sustained VDD had an impact on the serum 25(OH)
D, level and neuropsychobehavioral development of preterm infants, and whether timely correction of VDD
could prevent and improve their neuropsychological development. P<0.05 indicated that the difference was
statistically significant.

Results

General characteristics of the participants

A total of 158 preterm infants meeting the inclusion criteria were included in this study; however, 52 had
incomplete data due to failure of follow up. Therefore, a total of 106 preterm infants (46 boys and 60 girls) were
finally included in the study.

The supplementation of VD increased 25(0OH)D,levels and decreased VDD cases at different
time points after birth in all preterm infants

As shown in Fig. 1; Table 1, the average 25(OH)D, level in preterm infants at 42 days after birth was 49.85 nmol/L,
and the proportion of VDD cases was 54.7%. After adding a sufficient amount of VD (800 IU/d) according to
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the guidelines”'’, the average 25(OH)D, level at 3 months of age increased to 68.08 nmol/L, and the proportion
of VDD cases decreased to 19.8%. After 3 months of age, VD supplementation was adjusted to 400-800 IU/d
according to the latest level of 25(OH)D, at the follow-up. The average 25(OH)D, levels in all premature infants
at 6,9, 12, and 18 months were > 60 nmol/L, and the proportion of VDD decreased to 1.9% at 9 months and 0%
at 18 months. There was a rebound in the proportion of VDD cases in preterm infants owing to a reduction in
supplemented VD in some infants after 3 months of age.

Preterm infants with VDD at 42 days of age needed more time and higher level of VD to
correct their VDD

As shown in Fig. 2; Table 1, serum 25(OH)D3 levels in the VDD group at 42 days, and 3, 6, 9, and 12 months of
age were lower than those in the NVDD group at the same time point (P <0.05), and there was no statistically
significant difference in 25(OH)D, levels between the two groups at 18 months of age (P> 0.05), indicating that
preterm infants with VDD at 42 days of age needed more time and higher level of VD to correct their VDD.
Notably, there was a small increase or rebound in the proportion of VDD in both the VDD and NVDD groups
owing to the reduction in supplemented VD after 3 months of age. In the NVDD group, 4.2% of preterm infants
developed VDD at 6 months of age because VD supplementation decreased to 400 IU between 3 and 6 months
of age, but it was completely corrected at 9 months of age after increasing VD supplementation to 600-800 IU
between 6 and 9 months of age.

Preterm infants with SVDD needed more time and higher level of VD to correct their VDD

As shown in Fig. 3, among the SVDD, CVDD, and NVDD group, the serum 25(OH)D3 level in the SVDD group
was the lowest at 3, 6, 9, and 12 months of age and significantly lower than that in the NVDD group at these
same time points (P <0.05). In contrast, the 25(OH)D, level in the CVDD group was only lower than that in the
NVDD group at 3 and 6 months of age. This indicates that preterm infants with SVDD needed more time and
higher level of VD to correct their VDD.

In addition, from the trend plot of 25(OH)D, levels in the SVDD, CVDD, and NVDD groups over time,
the serum 25(OH)D, level in the CVDD and NVDD groups decreased or increased slowly because of the
reduced dose of VD supplementation (400-600 IU) after 3 months, whereas the 25(OH)D, levels in the SVDD
group continued to increase after higher doses of VD supplementation (800 IU), indicating that maintaining a
consistently high level of 25(0OH)D, requires supplementation with a higher dose of VD.

VD supplementation during pregnancy and after birth is important for preterm birth

As shown in Table 2, Pearson’s correlation analysis of possible factors influencing 25(OH)D, level in premature
infants at 42 days old revealed that there was a positive correlation between the 25(OH)D, level at 42 days after
birth and VD supplementation before 42 days after birth (200, 400, 500, 600, 800 or 900 IU), VD supplementation
during pregnancy (200 or 400 IU) and birth weight (P <0.05). There were no correlations between 25(OH)
D, level and gestational age and birth month (P> 0.05). However, when multivariate linear regression analysis
was used to screen for factors influencing 25(0OH)D, levels (Table 3), it was found that there was a positive
correlation between 25(OH)D, levels at 42 days of age and VD supplementation during pregnancy and birth
month (P<0.05).
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Figure 2. Comparisons of serum 25(OH)D, levels between VDD group and NVVD group at different time
points. (* indicates P<0.01, # indicates P<0.05). VDD, vitamin D deficiency; NVVD, non-VDD.
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Figure 3. 25(OH)D, levels in SVDD, CVDD, and NVDD groups at different time points. (A) The comparisons
of serum 25(0OH)D, levels among SVDD, CVDD, and NVDD groups at the same time points. (B) Trend plot
of 25(OH)D3 levels in SVDD, CVDD, and NVDD groups. (* indicates P<0.01, # indicates P <0.05). SVDD,
sustained VDD; CVDD, corrected VDD; NVDD, non-VDD.

25(OH)D; level at 42 days after birth | VD suppl tation during pregnancy | VD suppl tation before 42 days old | Birth weight | Birth gestational age
Pearson correlation coefficient r 0.4405 0.2394 0.2609 0.03391
P-value <0.0001 0.0134 0.0069 0.7300

Table 2. Pearson correlation analysis of factors influencing 25(OH)D, level in premature infants aged 42 days
old. Notes: VD, vitamin D.

rx‘ ion | VD r“ tation
25(OH)D; level at 42 days after birth | during pregnancy before 42 days old
t-value 5.128 1.874
P-value <0.001 0.0639

Table 3. Multivariate linear regression analysis of factors influencing 25(OH)D, level in premature infants
aged 42 days old. Notes: VD, vitamin D.
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DQ levels of preterm infants in the VDD and SVDD groups were lower than the CVDD and
NVDD groups at different time points

As shown in Figs. 4 and 5; Table 4, the DQ level of premature infants in the VDD group at the four time points
was lower than that in the NVDD group (P <0.05), and the DQ level of the SVDD group was lower than that
in the CVDD and NVDD group (P <0.05). DQ levels of all preterm infants and each group showed an overall
upward trend over time, whereas the proportions of abnormal and suspicious DQ cases in all preterm infants
and in each group showed an overall downward trend. The proportions of abnormal and suspicious DQ cases
in the VDD group at the four time points were significantly higher than those in the NVDD group. The same
situation was observed in the SVDD, CVDD, and NVDD group. The proportions of abnormal and suspicious
DQ cases in the SVDD group at the four time points were significantly higher than those in the CVDD and
NVDD group.

25(OH)D3 levels were positively correlated with DQ levels in the early postnatal period in
preterm infants

As shown in Table 5, the 25(OH)D, levels in preterm infants at 42 days and 3 months after birth were positively
correlated with the DQ level at 6, 9, 12, and 18 months of age (P <0.05).

Discussion

Previous studies have found that VD not only can maintain bone health, but also modulate brain developmen
Bone health and neuropsychobehavioral development after discharge are important problems in the growth
and development of preterm infants, who are at a high risk for VDD. Serum 25-(OH)D, level can reflect the
nutritional status of VD in the body, and is the main diagnostic indicator of VDD*. Monitoring the level of
serum 25(OH)D, can guide the supplementation of VD preparations in preterm infants. Therefore, we explored
the factors influencing serum 25(OH)D, levels in premature infants, and analyzed the effects of VDD and VD
supplementation on serum 25(OH)D, and neuropsychobehavioral development by monitoring serum 25(OH)
D, levels and DQ.

The demand for VD during pregnancy increases four to five times'!, and the VD level during pregnancy
will directly affect the VD level of the newborns!2 There was a significant and strong relationship between the
serum VD level of mothers and preterm newborns'®. As shown in this study, both Pearson’s linear correlation
analysis and multivariate linear regression analyses showed that the 25(OH)D, levels at 42 days after birth
were significantly positively correlated with VD supplementation during pregnancy. However, there were some
inconsistencies between the Pearson’s linear correlation analysis and the multivariate linear regression analysis,
such as VD supplementation before 42 days of age and birth weight. For VD supplementation before 42 days of
age, its importance could not be ignored because of its direct effect of increasing 25(OH)D, levels'%, although the
P value (0.0639) was slightly more than 0.05 in the multivariate linear regression analysis, which may be due to
the small sample size. Generally, the older the gestational age, the greater the birth weight, and the longer VD can
be supplemented during pregnancy, which increases 25(OH)D, level. However, there was no correlation between
25(OH)D, level at 42 days after birth and gestational age in this study, suggesting that VD supplementation
during pregnancy and after birth is more important than gestational age. Although serum 25(OH)D, levels at
42 days after birth were positively correlated with birth weight in the Pearson’s linear correlation analysis, low
birth weight should be considered a consequence of low postnatal VD levels. Gestational VD deficiency can
result in a variety of adverse health outcomes for both mothers and offspring, including fetal intrauterine growth
restriction, higher risk of preterm birth and low birth weight, poor bone development and deformities, cognitive
and psychological impairments!>-!”. For example, a meta-analysis involving 10 studies found that the average
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Figure 4. Comparisons of DQ levels between VDD group and NVDD group at different time points. (*
indicates P<0.01, # indicates P <0.05). DQ, developmental quotient; VDD, vitamin D deficiency; NVDD,
non-VDD.
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Figure 5. DQ levels of SVDD, CVDD, and NVDD groups at different time points. (A) The comparisons of DQ
levels among SVDD, CVDD, and NVDD groups at the same time points. (B) Trend plot of DQ levels of SVDD,
CVDD, and NVDD groups increasing with age at different months. (* indicates P<0.01) DQ, developmental
quotient; SVDD, sustained VDD; CVDD, corrected VDD; NVDD, non-VDD.

Suspicious
Abnormal Suspicious Abnormal Suspicious Abnormal DQ | Suspicious Abnormal DQ | DQ cases
Number of | DQ casesat6 | DQ casesat6 | DQ casesat9 | DQ casesat9 | cases at 12 DQ cases at 12 | cases at 18 at 18
Groups | cases months(%) months(%) months(%) months(%) months(%) months(%) months(%) months(%)
VDD 58 11(19.0) 21(36.2) 2(3.4) 22(37.9) 1(1.7) 16(27.6) 0(0) 8(13.8)
SVDD 21 9(42.9) 10(47.6) 1(4.8) 14(66.7) 0(0) 12(57.1) 0(0) 6(28.6)
CVDD | 37 2(5.4) 11(29.7) 1(2.7) 8(21.6) 1(2.7) 4(10.8) 0(0) 2(5.4)
NVDD | 48 0(0) 5(10.4) 0(0) 12.1) 0(0) 0(0) 0(0) 0(0)
Total 106 11(10.4) 26(24.5) 2(1.9) 23(21.7) 1(0.9) 16(15.1) 0(0) 8(7.5)

Table 4. Comparison of abnormal and suspicious DQ cases at different time points in each group. Notes: DQ,
developmental quotient; VDD, vitamin D deficiency; SVDD, sustained VDD; CVDD, corrected VDD; NVDD,
non-VDD group.

serum 25(OH)D, level of mothers of preterm infants was less than 20 ng/ml (50 nmol/L) and the risk of preterm
birth significantly increased with low variability, suggesting that VDD during pregnancy significantly increases
the risk of preterm birth!”. Adequate VD supplementation during pregnancy could decrease the rates of preterm
birth and low birth weight and benefit the fetus'®. It has also been found that more weeks of gestation at birth are
significantly associated with better maturity of the nervous system?®. Therefore, more attention should be paid to
VD supplementation during pregnancy and after birth to minimize the adverse effects on the fetus and children
caused by VDD.

It has been shown that among 128 preterm infants aged 26-32 weeks, the small-for-gestational-age infants
and suitable-for-gestational-age infants had lower 25(OH)D, levels at 2 weeks, 6 weeks and 6 months after
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25(OH)D, levels 6mDQ 9mDQ [12mDQ |18 mDQ

Pearson correlation coefficient r 0.6411 0.6279 0.6101 0.5559
42 days P-value <0.0001 | <0.0001 | <0.0001 |<0.0001
3 months Pearson correlation coeflicient r 0.7979 0.7568 0.6996 0.6585

P-value <0.0001 | <0.0001 | <0.0001 | <0.0001

Table 5. Relationship between the level of 25(OH)D, and DQ at 42 days of preterm birth. Notes: DQ,
developmental quotient.

birth'?, and the supplementation of 1000 IU/d VD to premature infants after birth could make the 25(OH)D,
level reach the same level as that of full-term infants at 3 months?. In this study, preterm infants were managed
after discharge according to the guidelines>'’, and the serum 25(OH)D, levels and neuropsychobehavioral
development levels were monitored with regular follow-up. This study found that the average 25(OH)D, level
at 42 days after birth in the enrolled preterm infants was lower than the normal level (50 nmol/L), and the
proportion of VDD was up to 54.7%. In addition to insufficient VD supplementation during pregnancy, the
causes of VDD may be more related to inadequate supplementation after birth due to a long hospital stay after
birth, feeding intolerance, lack of sunlight exposure and other reasons. After adding a sufficient amount of VD
according to the guidance®'?, the average 25(OH)D, levels in preterm infants after 3 months of age increased to
normal levels, and the proportion of VDD cases gradually decreased to 1.9% at 9 months and 0% at 18 months,
indicating that VDD had been completely corrected. The 25(OH)D, level in the VDD group, especially the
SVDD group, was lower than that in the NVDD group before 12 months of age; however, the difference in
25(OH)D, levels between the two groups gradually narrowed with increasing age until 18 months of age, when
there was no significant difference. The proportion of VDD cases in the VDD group also gradually decreased to
0% at 18 months of age, indicating that VDD could be gradually corrected with sufficient VD supplementation.
The small increase or rebound in the proportion of VDD cases in the VDD and NVDD groups indicates that
individualized VD supplementation, which can be flexibly adjusted according to the serum 25(OH)D, levels, is
important and can effectively prevent and correct the occurrence of VDD. In addition, the trend plot of 25(OH)
D, levels of the SVDD, CVDD, and NVDD groups over time suggests that supplementation with a higher dose
of VD is necessary to maintain a consistently high level of 25(OH)D,.

Currently, there is no uniform regimen for VD supplementation in preterm infants with different gestational
ages or birth weights. The World Health Organization recommends that VD supplementation of VLBW
(BW < 1,500 g) infants should be 400-1000 IU/d during the first 6 months of life?!. The American Academy
of Pediatrics (AAP) recommends a daily nutritional intake of VD in the range of 200-400 IU for VLBW. A
higher intake in the range of 400-1000 IU is recommended for LBW (BW < 2,500 g) infants, which is similar
to the recommended intake for full-term newborns?>*. A higher daily dose of VD in the range of 800-1,000
IU (irrespective of BW) was recommended by the European Society for Pediatric Gastroenterology Hepatology
and Nutrition (ESPGHAN) Committee on Nutrition?!. The guidelines”!® in China proposed that high-risk
populations (including premature infants, LBW infants, and twins) should be supplemented with 800-1000 IU/d
VD after birth, and 400-800 IU/d after 3 months and until 2 years old. The newest version (2022) on nutrient intake
and nutritional management for preterm infants provided by the ESPGHAN Committee on Nutrition in 2023
recommends a daily VD intake of 400-700 IU/kg/d for stable preterm infants, with a maximum recommended
routine intake of 1000 IU/d; however, preterm infants with VDD can be temporarily supplemented with higher
doses?®. Another study showed that individualized VD supplementation in early infancy appeared to be more
effective than standardized supplementation in the treatment of VDD and neurobehavioral development?.
Therefore, to ensure the biological function of VD, further studies are needed to determine the requirement and
supplementary dose of VD in preterm infants, especially VLBW infants, and ensure that preterm infants receive
adequate VD supplementation without adverse effects. Individualized VD supplementation based on relevant
guidelines and monitoring of serum level of 25(OH)D, may be more advisable.

In this study, the 25(OH)D, level in preterm infants at 42 days and 3 months after birth was positively
correlated with the DQ level at 6, 9, 12 and 18 months, indicating that VDD before 3 months of age can affect
the neuropsychological and behavioral development in preterm infants. The DQ levels of preterm infants in
the VDD group was lower than that in the NVDD group at these four time points, and the DQ level in the
SVDD group was also lower than that in the CVDD and NVDD groups at the same time point, indicating that
early and sustained VDD would affect the neuropsychobehavioral development of preterm infants, while timely
correction of VDD is very important for the normal neuropsychobehavioral development. However, although
timely correction of VDD can improve the DQ level of preterm infants, it remains lower than that of non-
vitamin D deficient preterm infants at 18 months of age. Supplementation of VD (400 IU/d) effectively reduced
the prevalence of VDD and led to an increase in 25(OH)D, level at 36 weeks postmenstrual age (PMA) in
premature infants delivered in the NICU, while improving physical growth and neurodevelopment?’. Therefore,
preterm infants, especially those who need to be hospitalized for a long time after birth, should be supplemented
with sufficient VD in the range of 400-1,000 IU/d until 3 months of age, after which the dose of VD can be
adjusted to 400-800 IU/d according to the 25(OH)D, level at follow-up.

In addition to neurodevelopmental problems in the early postnatal period of preterm infants, long-term
mental health issues, including anxiety, depressive disorders, autism, and somatization, may affect social
relationships and quality of life, and should be taken seriously?®. Some animal experiments have confirmed that
VD deficiency has an important effect on cognitive dysfunction?>*°. A series of population epidemiological
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surveys have shown that maternal 25(OH)D, levels during pregnancy positively correlate with the mental and
psychomotor development in infants after birth!. Autism spectrum disorder (ASD) is a common neurobehavioral
developmental disorder in children. Cannell et al.*? found that reduced VD levels during the fetal period or early
childhood are important environmental risk factors for ASD. In 2016, Wang et al.>* conducted a meta-analysis
of serum 25(OH)D, levels in children with ASD. Eleven studies, including 870 children with ASD and 782
healthy controls, showed that 25(OH)D, levels were significantly lower in the ASD group than in the control
group, suggesting VD deficiency in children with ASD. Many studies**3> have shown that VD supplementation
is helpful in improving ASD symptoms in children. Soni et al.*® found that the risk of cognitive dysfunction in
elderly individuals with VD deficiency was four times higher than that in those with VD sufficiency. Therefore,
it was speculated that persistent VDD may lead to abnormal neuropsychobehavioral development in preterm
infants and may even affect neuropsychobehavioral development in children and adults.

In this study, serum 25(0OH)D, and DQ levels in 106 preterm infants after VD supplementation were
observed continuously for up to 18 months and even now some participants are still being followed up, which
is a relatively long-lasting observational study. It was found that the DQ levels of premature infants can be
decreased by early and sustained VDD and cannot catch up with those without VDD even after their VDD
correction, which is a novel finding. However, a study with larger sample size and longer duration is required to
obtain a comprehensive understanding of the protective effects of VD on neuropsychobehavioral development
in preterm infants, which is also what we’re doing right now. We hope to continue the current research to draw
useful conclusions and provide references for future clinical practice.

In summary, VDD is common in premature infants owing to congenital deficiency, postnatal feeding
intolerance, and insufficient VD intake. Based on the results of this study, and considering the many beneficial
effects of VD on newborn and children’s development and health?’, to ensure a good prognosis for premature
infants, doctors in obstetrics departments, neonatology departments, and pediatrics health care departments,
and maternal and child health workers should pay more attention to the prevention of VDD in late pregnancy
and early birth of newborns. The importance of timely and accurate supplementation of VD formulation and
monitoring of serum 25(OH)D, levels in the growth and development of preterm infants should be promoted
and popularized through pregnant women’s schools, parents’ classes, newborn visits, and the doctors’ attention
at all levels.

Conclusions

Early and sustained VDD in premature infants can lead to the decrease of DQ levels, and individualized and
effective VD supplementation can gradually correct VDD, whereas their DQ levels even after VDD correction
cannot catch up with those without VDD which is a new finding, suggesting that we should pay more attention
to the prevention of VDD. VD supplementations during pregnancy and after birth is a major factor affecting
serum 25(OH)D, levels in premature infants, and there is even a more significant positive correlation between
25(OH)D, levels at 42 days of age and VD supplementation during pregnancy, suggesting that the prevention of
VDD should begin from pregnancy. So, in order to prevent the occurrence of VDD, and mitigate its influence
on neuropsychobehavioral development, it is important to raise awareness among health care providers and
pregnant women about the importance of VD supplementation during pregnancy and to implement it in
practice.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon
reasonable request.
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