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Vitamin D supplementation improved
physical growth and neurologic development
of Preterm Infants receiving Nesting Care

in the neonatal Intensive Care Unit
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Abstract

Objective To study the effects of vitamin D supplementation on physical growth and neurologic development of
very preterm infants receiving nesting intervention in the neonatal intensive care unit (NICU).

Methods A total of 196 preterm infants had been hospitalized in NICU with the gestational age (GA) between 28
and 32 weeks. Among them, 98 preterm infants received nesting intervention, and the other 98 cases received both
nesting and vitamin D supplementation (400 IU). The interventions were continued until 36 weeks postmenstrual age
(PMA).The 25(0OH)D serum levels, anthropometric parameters, and Premie-Neuro (PN) scores were compared at 36
weeks PMA.

Results Higher median serum level of 25(0H)D was found in the nesting + vitamin D [38.40 ng/mL (IQR:
17.20~70.88) ng/mL] as compared to the nesting group [15.95 ng/mL (IQR: 10.80 ~ 24.30) ng/mL] at 36 weeks

PMA. Besides, infants receiving combined nesting intervention and vitamin D supplementation had less proportion
of vitamin D deficiency [VDD, 25(0OH)D levels < 20 ng/mL] than those receiving nesting intervention alone. After
intervention, the anthropometric parameters of infants, including weight, length, BMI and head circumference were
improved in the nesting + vitamin D group as compared to the nesting group at 36 weeks PMA, with higher scores of
neurological, movement and responsiveness.

Conclusions Vitamin D supplementation effectively decreased the prevalence of VDD and led to higher
concentrations of 25(OH)D at 36 weeks PMA. This was one more study that supported the necessity of vitamin D
supplementation to improve physical growth and neurologic development of preterm-born newborns who received
nesting intervention in the NICU.
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Introduction

Globally, 1 child in 10 is born prematurely every year,
namely before completing 37 weeks of gestation, and the
premature birth as a risk factor for healthy growth and
development has been a trigger for acute and chronic
health conditions [1, 2]. Except for a history of clinical
fragility and social vulnerability, children born within
the range of prematurity tend to have developmental and
growth problems, such as school difficulties, worse motor
repertoire, bad behavior problems and growth alterations
[2, 3]. Neonates are abruptly separated from their mother
after birth in the neonatal intensive care unit (NICU), an
unnatural habitat, to warrant for survival, which often
culminated in negative disparities for long-term child
health (e.g., mental, physical and emotional health) [4].
During their stay in the a high-tech NICU environment,
the infants receive external stimuli, such as light, intense
noise, non-aggregated painful interventions [5]. There-
fore, more interventions have been reported to promote
the comfort of preterm infants and to minimize damage
caused by exposure to stress in NICU, such as Kangaroo
care [4], auditory intervention (white noise, recorded
mother’s voice, and MiniMuffs) [6], and Yakson and gen-
tle human touch [7].

Positioning has been reported to be one of the most
studied interventions among preterm infants through
providing comfort and reducing stress, and nesting is a
useful tool to promote a proper positioning of the pre-
term infant by some studies described recently [8, 9]. In
brief, the nest resembles the maternal uterus by a cloth
rolled in an “U” or “O” shape [5], which favored a more
flexed posture for total containment of the baby’s move-
ments from head to foot and facilitated alignment of
head in relation to the body, thus improving neurobehav-
ioral and muscle development of preterm infants [10].

Vitamin D storage received by newborns depends on
50-70% of the maternal 25-hydroxyvitamin D [25(OH)D]
levels [11]. Because of maternal vitamin D supply depri-
vation during gestation, many preterm infants have low
vitamin D stores [12]. The vitamin D deficiency (VDD)
is closely correlated with increased risk of many diseases
in the premature infants’ population, such as impaired
immune function, pulmonary function deficits, impaired
neurodevelopment and reduction of bone mass [13].
Thus, some experts have suggested a new approach to a
higher intake of vitamin D supplementation (400~1000
IU/day) in preterm infants [11, 14, 15].

So, we aimed to investigate the effectiveness of vitamin
D supplementation on physical growth and neurologic
development for preterm infants receiving nesting care
by nurse at NICU. We retrospectively enrolled 196 pre-
term newborns between 28~32 weeks’ gestational age
(GA). Among them, 98 preterm infants received nest-
ing intervention (nesting group), and the other 98 cases
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received combined nesting and vitamin D supplementa-
tion (nesting+vitamin D group). The 25(OH)D serum
levels, anthropometric parameters, and Premie-Neuro
(PN) score were compared at 36 weeks postmenstrual
age (PMA).

Methods and materials

Subjects

Very preterm infants (GA <32 weeks) required hospi-
talization in NICU as demonstrated by previous studies
[16, 17]. A consecutive sample of preterm infants admit-
ted to the NICU between May 2019 and May 2021 with
the gestational age (GA) between 28 and 32 weeks were
reviewed (n=353). GA was determined by either self-
reported information on the 1st day of the last menstrual
period or ultrasound examination in the 1st trimester
screening [18, 19]. The study was performed in accor-
dance with the Declaration of Helsinki and approved by
the Ethics Committee of the First Hospital of Qinhuang-
dao. The need for informed consent of parents and/or
legal guardians was waived as a retrospective analysis.

Inclusion and exclusion criteria

Inclusion criteria were: (1) having no central nervous
system (CNS) disorders, including brain hemorrhage,
syndromes with neurological impairment, history of sei-
zure, and hypertonia; (2) having no brain abnormalities
or major congenital/chromosomal anomalies; (3) having
no gastro-intestinal, lung or kidney disease, such as nec-
rotizing enterocolitis (NEC), gastrointestinal malabsorp-
tion, a major congenital anomaly, a congenital pulmonary
or airway disorder, acute kidney injury and so on. We
will exclude the following infants: (1) those born at >32
weeks of gestation; (2) those with vomiting or regurgi-
tation in less than 24 h, or a history of apnea within the
last 72 h [5, 9], (3) those with bone fractures or injuries;
(4) those with disorders of calcium metabolism; (5) those
with no expectation of survival in first 2 weeks.

Intervention

A CONSORT flow diagram in this retrospective study
was illustrated in Fig. 1. A total of 196 who could
receive at least 75% of total nutrition by enteral feed-
ings at 2 weeks’ postnatal age were finally enrolled in
this analysis. The infants in the nesting group (n=98)
and nesting+vitamin D group (n=98) were all laid in an
O-shaped nest made of cotton cloth with a strip of cloth
attached to the nest in supine position, which had perfect
size for infants’ body. In order to make sure of recom-
mended minimum vitamin D intake (200 to 300 IU/day)
[12, 20], all infants received at least 50 ml breast milk as
a standard procedure with either human milk fortifier
(Vitamin D intake for infants weighing 1.5 kg: 283~320
IU/d) or preterm formula (Vitamin D intake for infants
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. Very preterm infants (GA: 28~32 weeks)
. Infants receive at least 75% of total nutrition by

enteral feedings at 2 weeks’ postnatal age

Assessed for eligibility
(May 2019 and May 2021, n = 353)

. All infants received at least 50 ml breast milk as
a standard procedure with either human milk
fortifier or preterm formula

Infants Excluded (n = 34)
Incomplete medical records (n = 21)
Exclusion criteria (n = 13)

- __=

Infants Excluded (n = 123)
Incomplete medical records (n = 86)
Exclusion criteria (n = 37)

I_

1. Serum 25(OH)D levels

" Analysis at 36 weeks’ PMA

2. Physical growth (length, weight, BMI and head circumference)
3. Neurologic development (Premie-Neuro assessment)

Fig. 1 A CONSORT flow diagram in this retrospective study

weighing 1.5 kg: 288~300 IU/d) until an enteral feeding
volume of 160 ml/kg/day was reached. Except for nesting
intervention, the preterm newborns in the nesting+vita-
min D group were given 400 IU/d of vitamin D, supple-
mentation (Shandong DYNE Marine Biopharmaceutical
Co., Ltd, China) once daily through orogastric tube or
oral. The intervention was started in the first postnatal
week of infants after blood sampling and continued until
36 weeks postmenstrual age (PMA). Pathologies related
to prematurity were noted [21], such as late onset sepsis
(LOS), hyaline membrane disease (HMD), bronchopul-
monary dysplasia (BPD, classified as mild, moderate and
severe [22]), intraventricular hemorrhage (IVH), periven-
tricular leukomalacia (PVL) and retinopathy (ROP).

Detection of 25(OH)D in serum

Serum 25(OH)D was assayed by an autoanalyzer
(Savant-100, Beijing Savant Biotechnology Co., Ltd,
China) using a chemiluminescent tracer. Vitamin D defi-
ciency (VDD) was defined as serum 25(OH)D levels <20
ng/mL [23].

Physical growth at 36 weeks’ PMA

Measurements of length, head circumference, and
weight were performed by bedside nurses. Naked weight
was measured on a calibrated digital body weight scale.
Length was measured in a supine position with a recum-
bent measuring board. Body mass index (BMI) was cal-
culated from measured weight and length. The head
circumference was measured with a self-retracting.

Standardized neurologic assessment of the preterm infant
The neurological examination for preterm infants from
23 to 37 weeks PMA was assessed by a neonatologist

Table 1 Standardized neurologic assessment of the preterm
infant by the Premie-Neuro (PN)

PN categories (a score of 1, 3, or 5 for each item, and total score
ranging from 24 to 120)

Neurologic (8 items) Movement (8 Responsive-
items) ness (8 items)
Arm recoil Tremors Arm flexion
Arm traction Thrashing Head lag
Palmar grasp Facial grimace Held sit
Plantar grasp Startle Posterior neck
Scarf sign Yawn Anterior neck
Popliteal angle Color change Alert
Heel to ear Arm movements  Ventral
suspension
Movement type Leg movements  Responsive-

ness

(W.Q.T.) using the Premie-Neuro (PN), a reliable and
valid neurologic assessment tool (Table 1). It consisted
of 3 factors for a total of 24 items, including neurological
subscale (8 items: arm recoil, arm traction, palmar grasp,
plantar grasp, scarf sign, popliteal angle, heel to ear,
movement type), movement subscale (8 items: tremors,
thrashing, facial grimace, startle, yawn, color change, arm
movements, leg movements), and responsiveness sub-
scale (8 items: arm flexion, head lag, held sit, posterior
neck, anterior neck, alert, ventral suspension, responsive-
ness) [24, 25]. Each of the items was assigned a score of 1,
3, or 5, with a total possible score ranging from 24 to 120.
Internal consistencies (the Cronbach a) of these catego-
ries were 0.75 (neurological), 0.73 (movement), and 0.82
(responsiveness), respectively.
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Data analysis

Statistical analysis was performed using GraphPad
Prism Software (version 6, San Deigo, CA, USA), with
statistical significance set at a two-sided P<0.05. After
Shapiro-Wilk analysis, the continuous data with normal
distribution [presented as meanststandard deviations
(SD)] were analyzed using independent t student, and
those without normal distribution [presented as median
and interquartile range (IQR, 25th~75th percentile)]
using Mann-Whitney test. Frequencies for categorical
variables reported as n (%) between the 2 groups were
determined by Fisher’ s exact test. Post hoc power anal-
ysis by G*Power 3.1.9.2 program was performed using
appropriated statistical test (Proportions: Inequality, two

Table 2 The demographic data of preterm infants participating

in the study
Variables Nesting Nesting +vita- P
group (n=98) min D group
(n=98)
Maternal age (years) 28.0 31.0 0.453
(24.75~35.0) (23.75~37.0)
Gestational age (GA, weeks)  30.0 29.5 0429
(29.0~31.0) (28.0~31.0)
Maternal serum 25(OH)D 10.60 9.80 0.645
(ng/ml) (6.18~14.08) (5.93~13.63)
Parenteral feeding (days) 9(7~12) 10(7~12) 0.591
Enteral feeding type [n (%)]
Breast milk+human milk 71 (72.45%) 73 (74.49%)
fortifier
Breast milk+ preterm formula 27 (27.55%) 25 (25.51%) 0.872
Vitamin D; delivery [n (%)]
Orogastric tube 36 (36.73%) 29 (29.59%)
Oral 62 (63.27%) 69 (70.41%) 0.363
Apgar score at 5 min 7(6~8) 76~8) 0.341
Gender [n (%)]
Male 48 (48.98%) 51 (52.04%)
Female 50 (51.02%) 47 (47.96%) 0.775
Type of delivery [n (%))
Cesarean birth 85 (86.73%) 87 (88.78%)
Vaginal 13 (13.27%) 11 (11.22%) 0.828
Clinical complications [n (%)]
Bronchopulmonary dysplasia 24 (24.49%) 20 (20.41%) 0.572
(BDP)
Hyaline membrane disease 65 (66.33%) 57 (58.16%) 0.302
(HMD)
Retinopathy (ROP) 8 (8.16%) 4 (4.08%) 0372
Periventricular leukomalacia 7 (7.14%) 5 (5.10%) 0.767
(PVL)
Intraventricular hemorrhage 5 (5.10%) 3 (3.06%) 0.721
(IVH)
Late onset sepsis (LOS) 47 (47.96%) 39 (39.80%) 0314
Days of hospital stay 62.00 60.00 0.163
(5200~77.00) (44.75~73.25)

Note: The continuous data were presented as median (25%~75% percentile)
and analyzed using Mann-Whitney test. Frequencies for categorical variables
reported as n (%) between the 2 groups were determined by Fisher’ s exact test
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independent groups, Fisher’s exact test) by the difference
in the proportion of infants with VDD in nesting group
(71.43%) and nesting+vitamin D group (34.69%) at 36
weeks’ PMA. Statistical power was 99.99% as calculated
with a error=0.5, showing that the sample size was ade-
quate in this study.

Results

Baseline characteristics of preterm neonates between the
two groups

As illustrated in Table 2, the demographic data of pre-
mature infants in this retrospective study was compared
between the nesting and nesting+vitamin D groups.
There were 98 infants with a mean GA of 29.65 (1.141)
weeks in nesting group and 98 infants with a mean GA of
29.53 (1.262) weeks in nesting+vitamin D group, show-
ing no statistical difference (P=0.477). Furthermore,
Independent t-test showed no significant difference
in the mean of maternal age, maternal serum 25(OH)
D, parenteral feeding (days) and Apgar score at 5 min
between the two groups (P>0.05). The mode of delivery
and the infant sex of the study population were also com-
parable, as well as the enteral feeding type and Vitamin
D, delivery (all P>0.05). These results mentioned above
indicated that these two groups were similar in terms of
variables. Moreover, the incidence of comorbidities and
days of hospital stay did not differ in the nesting and
nesting+vitamin D groups (all P>0.05).

Comparison of serum 25(OH)D levels in preterm infants
between the two groups at 36 weeks’ PMA

The data regarding serum levels of 25(OH)D at baseline
and at 36 weeks’ PMA in both two groups did not exhibit
a normal distribution after performing Shapiro-Wilk test
(all P<0.001). The median 25(OH)D serum levels in the
nesting+vitamin D and the nesting groups at baseline
were 13.70 ng/mL (IQR: 8.60~19.13 ng/mL) and 14.55
ng/mL (IQR: 8.80~19.30 ng/mL), respectively, showing
no significant difference (P=0.735, Mann-Whitney test).
However, at 36 weeks’ PMA, higher median serum level
of 25(0OH)D was found in the nesting+vitamin D [38.40
ng/mL (IQR: 17.20~70.88) ng/mL] as compared to the
nesting group [15.95 ng/mL (IQR: 10.80~24.30) ng/
mL] using Mann-Whitney test (P<0.001, Table 3). Fur-
thermore, the proportion of infants with VDD [25(OH)
D serum level <20 ng/mL] were also comparable at base-
line between the 2 groups (P=0.588, Fisher’ s exact test).
However, after intervention, the proportion of infants
with VDD was significantly lower in the nesting+vitamin
D group than in the nesting group [34.69% vs. 71.43%;
relative risk (RR): 0.486; 95% CI: 0.360~0.655; P<0.001,
Fisher’ s exact test].
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Table 3 Comparison of serum 25(OH)D levels and

anthropometric parameters in preterm infants between the two

groups at baseline and at 36 weeks' postmenstrual age (PMA)
Nesting (n=98)

Nesting +vitamin P

D (n=98)

Serum 25(OH)D

(ng/mL)

At baseline 13.70 (860~19.13) 14.55 (8.80~ 19.30) 0.735

At 36 weeks' PMA 15.95 38.40(17.20~70.88) <0.001
(10.80~24.30)

Head circumfer-

ence (mm)

At baseline 279.0 2760 (263.8~286.3) 0319
(269.5 ~285.3)

At 36 weeks' PMA 314.0 320.0(315.0~326.0) <0.001
(311.8~317.0)

Weight (g)

At baseline 1387 (1250~ 1567) 1405 (1259~ 1588) 0.883

At 36 weeks' PMA 2209 (2101 ~2315) 2373 (2215~2520) <0.001

Length (cm)

At baseline 38.10 37.50(36.00~38.85) 0370
(36.23~38.90)

At 36 weeks' PMA 43.90 4440 (43.50~4540) <0.001
(43.00~44.60)

Body mass index

(BMI, kg/m2)

At baseline 10.24(9.23~10.92) 10.16(9.35~10.81) 0.815

At 36 weeks' PMA 11.49 1204 (11.33~12.78) <0.001
(10.88~12.12)

Note: The data were presented as median (25%~75% percentile) and analyzed
using Mann-Whitney test

Comparison of physical growth in preterm infants between
the two groups at 36 weeks’' PMA

The data regarding parameters of physical growth at
baseline and at 36 weeks’ PMA in both two groups did
not exhibit a normal distribution after performing Sha-
piro-Wilk test, including head circumference, length,
weight and BMI (all P<0.001). No significance in these
parameters, including length, weight, BMI and head cir-
cumference was found at baseline between the nesting
group and the nesting+vitamin D group (all £>0.05).
However, these anthropometric parameters were sig-
nificantly improved in the nesting+vitamin D group
after intervention as compared to the nesting group
(Table 3). In detail, the infants in the nesting+vitamin
D group showed increased median head circumference
[320.0 mm (IQR: 315.0~326.0 mm) vs. 314.0 mm (IQR:
311.8~317.0 mm)], weight [2373 g (IQR: 2215~2520 g)
vs. 2209 g (IQR: 2101~2315 g)], length [44.4 cm (IQR:
43.5~454 cm) vs. 439 cm (IQR: 43.0~44.6 cm)],
and BMI [12.04 kg/m? (IQR: 11.33~12.78 kg/m?) vs.
11.49 kg/m? (IQR: 10.88~12.12 kg/m?)] than the nesting
group (Mann-Whitney test, all P<0.001).
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Table 4 Comparison of neurodevelopment in preterm infants
between the two groups at 36 weeks' postmenstrual age (PMA)

Premie-Neuro (PN) Nesting Nesting+vita- P
(n=98) min D (n=98)

Neurological 30.0 32.0(28.0~34.0) 0.033
(26.0~32.5)

Movement 320 34.0 (320~36.0) 0.007
(30.0~34.0)

Responsiveness 30.0 32.0(30.0~34.0) 0.024
(28.0~320)

Total 94.0 96.0 (93.5~100.5) <0.001
(87.5~98.0)

Note: The data were presented as median (25%~75% percentile) and analyzed
using Mann-Whitney test

Comparison of neurologic development in preterm infants
between the two groups at 36 weeks’ PMA

As for the results of the neurodevelopment assessment
(Table 4), the comparison of 3 categories (neurological,
movement and responsiveness) in infants between the
nesting group and nesting+vitamin D group showed
statistically ~ significant  difference = (Mann-Whitney
test). The median values of neurological score [32.0
(IQR: 28.0~34.0) vs. 30.0 (IQR: 26.0~32.5), P=0.033],
movement score [34.0 (IQR: 32.0~36.0) vs. 32.0 (IQR:
30.0~34.0), P=0.007], and responsiveness score [32.0
(IQR: 30.0~34.0) vs. 30.0 (IQR: 28.0~32.0), P=0.024]
were higher in infants from the nesting+vitamin D group
than those in the nesting group. Moreover, the total
score showed a significantly lower in the nesting group
compared to the nesting+vitamin D group [94.0 (IQR:
87.5~98.0) vs. 96.0 (IQR: 93.5~100.5), P<0.001].

Discussion

Currently, there was no consensus recommendation for
the dose of vitamin D in preterm infants, but some previ-
ous researchers have showed the advantage of daily 400
IU vitamin D5 supplementation as adequate for bone
health in preterm and full-term infants [26]. For exam-
ple, a systematic review and meta-analysis of clinical
intervention trials by Zittermann A et al. revealed that
400 IU/day Vitamin D supplementation was sufficient
for achieving 25(OH)D concentrations in infants, thus
being able to prevent nutritional rickets [27]. Moreover,
preterm infants receive 400, 800 or 1000 IU/day of vita-
min Dy did not differ in anthropometric measurements
and mortality according to the result of a randomized
controlled trial [28] and an updated meta-analysis [29].
We firstly showed that a smaller percentage of VDD at
36 weeks’ PMA in nesting+vitamin D group in infants
daily allocated to 400 IU vitamin D according to our
policy. Besides, as compared to the nesting group, the
proportion of infants with VDD was significantly lower
in the nesting+vitamin D group (RR=0.486; 95%CI:
0.360~0.655) at 36 weeks’ PMA with increased serum
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25(0OH)D concentration, suggesting that implementing
vitamin D supplementation did significantly decrease the
incidence of VDD in a population of preterm infants. As
compared to the data at baseline in the nesting group,
patients with VDD decreased at 36 weeks’ PMA without
significance, which may be affected by small simple size.

The importance of nesting position with the flexion
posture for the well-being of the infant has been docu-
mented, which is an intrauterine position to support
infants in mid line, thus improving sleep and develop-
ment of sensory systems with alleviating pain during
painful procedure [30]. To stabilize body posture, supine
nesting position has been adopted by most NICUs in
worldwide, and that was the reason for this position in
the present study [31, 32]. As the gold standard for pro-
moting comfort of hospitalized preterm infants, nesting
is a favoring factor for the baby’s sleep when compared
to its non-use by a previous study [33], which could con-
serve energy and minimize weight loss [34]. In our study,
the infants showed increased physical growth, includ-
ing length, weight, BMI and head circumference after
the nesting intervention, which was further increased in
infants after the combination of nesting intervention and
vitamin D supplementation. Several studies have been
reported that vitamin D supplementation during preg-
nancy improves infant birth weight with increased infant
length [35-37]. All mentioned above indicated vitamin D
supplementation in NICU could obviously improve the
physical growth in preterm infants who received nesting
intervention.

Preterm infants, particularly those at young PMAs, are
high risk for delayed neurodevelopment [38], emphasiz-
ing the importance of clinical neurologic examination
for the evaluating the neonate’s progress [39]. Premie-
Neuro (PN), a standardized neurologic assessment tool
with good construct validity, has been widely used for
preterm infants [24]. A previous study demonstrated that
high-risk infants with a discharge Neurobehavioral Rat-
ing Scale of less than 5 had lower PN scores than low-
risk infants, being consistent with research findings
using other assessment tools, such as the Test of Infant
Motor Performance [25]. Vitamin D is essential for sev-
eral physiological functions and biological processes, and
emerging evidences suggested newborn vitamin D levels
was involved in brain development and was closely corre-
lated with intellectual disability [40, 41]. In our study, the
categories of PN, including neurological, movement and
responsiveness scores, were higher in infants from the
nesting+vitamin D group than those in the nesting group
with higher total score, suggesting the beneficial effect of
vitamin D supplementation in neurologic development of
preterm infants receiving nesting care in the NICU.

One of the limitations of the study is that the dura-
tion of vitamin D supplementation as a potential factor
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causing result and conclusion bias should be considered
in the future because the enrolled newborns between
28~32 weeks of GA and the assessment of physical
growth and neurologic development at 36 weeks’ PMA.
Moreover, as the retrospective nature of this study, the
reasons for the infants not receiving additional vitamin
D supplement in the nesting group was not analyzed.
Therefore, this was possible confounding variable in the
study. In addition, complete description of cohort more
data should be further analyzed because some of them
might have the influence on the observed outcomes.

In conclusion, vitamin D supplementation (400IU)
effectively decreased the prevalence of VDD and led to
higher concentrations of 25(OH)D at 36 weeks PMA in
preterm-born newborns receiving nesting in the NICU,
accompanying by the improved physical growth (weight,
length, BMI and head circumference) and neurologic
development (PN score). To the best of our knowledge,
we were the first to report a novel approach using vita-
min D supplementation in preterm infants who were
given nesting care in the NICU. As both groups received
nesting intervention, this was one more study that sup-
ported the necessity of vitamin D supplementation to
improve physical growth and neurologic development of
preterm infants.

Acknowledgements
Not applicable.

Authors’ contributions

Wei-qgin Tang designed and wrote the manuscript. Ning Ma collected clinical
data. Li-ying Meng contributed to data analysis. Ya-wen Luo performed
figures. Ying-jie Wang prepared tables. Di Zhang revised the manuscript.

Funding
Not applicable.

Data Availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Competing interests
The authors declare that they have no competing interests

Ethics approval and consent to participate

The study was approved by the Ethics Committee of The First Hospital of
Qinhuangdao. The need for informed consent was waived as a retrospective
analysis.

Consent for publication
Not applicable.

Received: 4 November 2022 / Accepted: 16 May 2023
Published online: 20 May 2023



Tang et al. BMC Pediatrics

(2023) 23:248

References

1.

Bembich S, Fiani G, Strajn T, Sanesi C, Demarini S, Sanson G. Longitudinal
responses to weighing and bathing procedures in Preterm Infants. J Perinat
Neonatal Nurs. 2017;31(1):67-74.

Jantsch LB, Alves TF, Arrue AM, Toso B, Neves ET. Health care network
(dis)articulation in late and moderate prematurity. Rev Bras Enferm.
2021;74(5):20200524.

Moreira RS, Magalhaes LC, Alves CR. Effect of preterm birth on motor
development, behavior, and school performance of school-age children: a
systematic review. J Pediatr (Rio J). 2014;90(2):119-34.

Stadd K, Diehl B, Yenokyan G, Aucott SW. A Kangaroo Care Pathway for

NICU Staff and families: the Proof is in the Pouch. Adv Neonatal Care.
2020;20(1):14-24.

Costa KSF, Fernandes DDS, Paula RAP. Guarda L, Dare MF, Castral TC, Ribeiro
LM. Hammock and nesting in preterm infants: randomized controlled trial.
Rev Bras Enferm. 2019;72(suppl 3):96-102.

Kahraman A, Gumus M, Akar M, Sipahi M, Bal Yilmaz H, Basbakkal Z.

The effects of auditory interventions on pain and comfort in premature
newborns in the neonatal intensive care unit; a randomised controlled trial.
Intensive Crit Care Nurs. 2020;61:102904.

Dur S, Caglar S, Yildiz NU, Dogan P, Guney Varal |. The effect of Yakson and
Gentle Human Touch methods on pain and physiological parameters in
preterm infants during heel lancing. Intensive Crit Care Nurs. 2020;61:102886.
Kahraman A, Basbakkal Z, Yalaz M, Sozmen EY. The effect of nesting positions
on pain, stress and comfort during heel lance in premature infants. Pediatr
Neonatol. 2018;59(4):352-9.

Costa KS, Beleza LO, Souza LM, Ribeiro LM. Hammock position and nesting:
comparison of physiological and behavioral effects in preterm infants. Rev
Gaucha Enferm. 2017;37(spe):e62554.

Comaru T, Miura E. Postural support improves distress and pain during diaper
change in preterm infants. J Perinatol. 2009;29(7):504-7.
Kolodziejczyk-Nowotarska A, Bokiniec R, Seliga-Siwecka J. Monitored supple-
mentation of vitamin D in Preterm Infants: a Randomized Controlled Trial.
Nutrients 2021, 13(10).

Avristizabal N, Holder MP, Durham L, Ashraf AP, Taylor S, Salas AA. Safety and
efficacy of early vitamin D supplementation in critically ill extremely Preterm
Infants: an ancillary study of a Randomized Trial. J Acad Nutr Diet 2022.
Kumar M, Shaikh S, Sinha B, Upadhyay RP, Choudhary TS, Chandola TR,
Mazumder S, Taneja S, Bhandari N, Chowdhury R. Enteral Vitamin D Supple-
mentation in Preterm or Low Birth Weight Infants: A Systematic Review and
Meta-analysis. Pediatrics 2022, 150(Suppl 1).

Zung A, Topf-Olivestone C, Shinwell ES, Hofi L, Juster-Reicher A, Flidel-
Rimon O. Reassessing vitamin D supplementation in preterm infants: a
prospective study and review of the literature. J Pediatr Endocrinol Metab.
2020;33(10):1273-81.

Al-Beltagi M, Rowiesha M, Elmashad A, Elrifaey SM, Elhorany H, Koura HG.
Vitamin D status in preterm neonates and the effects of its supplementation
on respiratory distress syndrome. Pediatr Pulmonol. 2020;55(1):108-15.
Grunau RE, Holsti L, Whitfield MFJo. Does prone or supine position Influence
Pain responses in Preterm Infants at 32 weeks gestational age?.

Kurul S, van Ackeren N, Goos TG, Ramakers CRB, Been JV, Kornelisse RF,

Reiss IKM, Simons SHP, Taal HR. Introducing heart rate variability monitor-
ing combined with biomarker screening into a level IV NICU: a prospective
implementation study. Eur J Pediatr. 2022;181(9):3331-8.

Butt K, Lim KI. Guideline No. 388-Determination of gestational age by Ultra-
sound. J Obstet Gynaecol Can. 2019;41(10):1497-507.

Saavedra-Avendano B, Schiavon R, Sanhueza P, Rios-Polanco R, Garcia-Marti-
nez L, Darney BG. Early termination of pregnancy: differences in gestational
age estimation using last menstrual period and ultrasound in Mexico. Reprod
Health. 2020;17(1):89.

Wray AA. Breast Fed Infants Consume Inadequate Amounts of Vitamin D
Even after Introduction of Table Foods.

Stocker M, van Herk W, El Helou S, Dutta S, Schuerman F, van den Tooren-de
Groot RK, Wieringa JW, Janota J, van der Meer-Kappelle LH, Moonen R, et al.
C-Reactive protein, procalcitonin, and White Blood count to rule out neonatal
early-onset Sepsis within 36 hours: a secondary analysis of the neonatal
procalcitonin intervention study. Clin Infect Dis. 2021,73(2):e383-90.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 7 of 7

Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care
Med. 2001;163(7):1723-9.

Natarajan CK, Sankar MJ, Agarwal R, Pratap OT, Jain V, Gupta N, Gupta AK,
Deorari AK, Paul VK, Sreenivas V. Trial of daily vitamin D supplementation in
preterm infants. Pediatrics. 2014;133(3):e628-634.

George JM, Fiori S, Fripp J, Pannek K, Guzzetta A, David M, Ware RS, Rose SE,
Colditz PB, Boyd RN. Relationship between very early brain structure and
neuromotor, neurological and neurobehavioral function in infants born <
31weeks gestational age. Early Hum Dev. 2018;117:74-82.

Gagnon K, Cannon S, Weatherstone KB. The premie-neuro: opportunities and
challenges for standardized neurologic assessment of the preterm infant.
Adv Neonatal Care. 2012;12(5):310-7.

Abrams SA. Vitamin D in Preterm and full-term infants. Ann Nutr Metab.
2020;76(Suppl 2):6-14.

Zittermann A, Pilz S, Berthold HK. Serum 25-hydroxyvitamin D response to
vitamin D supplementation in infants: a systematic review and meta-analysis
of clinical intervention trials. Eur J Nutr. 2020;59(1):359-69.

Aly H, Mohsen L, Bhattacharjee |, Malash A, Atyia A, Elanwary S, El Hawary

R. Vitamin D supplementation and T cell requlation in Preterm Infants: a
Randomized Controlled Trial. J Pediatr Gastroenterol Nutr. 2019;69(5):607-10.
Yang ', Li Z,Yan G, Jie Q Rui C. Effect of different doses of vitamin D supple-
mentation on preterm infants - an updated meta-analysis. J Matern Fetal
Neonatal Med. 2018,;31(22):3065-74.

Kapoor A, Khan MA, Beohar V. Pain Relief in Late Preterm Neonates: a compar-
ative study of Kangaroo Mother Care, oral dextrose 50%, and supine nesting
position. Int J Appl Basic Med Res. 2021;11(3):188-91.

Zahed M, Berbis J, Brevaut-Malaty V, Busuttil M, Tosello B, Gire C. Posture and
movement in very preterm infants at term age in and outside the nest. Childs
Nerv Syst. 2015;31(12):2333-40.

Ferrari F, Bertoncelli N, Gallo C, Roversi MF, Guerra MP, Ranzi A, Hadders-Algra
M. Posture and movement in healthy preterm infants in supine position in
and outside the nest. Arch Dis Child Fetal Neonatal Ed. 2007;92(5):F386-390.
Visscher MO, Lacina L, Casper T, Dixon M, Harmeyer J, Haberman B, Alberts J,
Simakajornboon N. Conformational positioning improves sleep in premature
infants with feeding difficulties. J Pediatr. 2015;166(1):44-8.

Prasanna K, Radhika M. Effectiveness of Nesting on Posture and Motor Perfor-
mance Among Newbornbabies. 2016.

Gallo S, McDermid JM, Al-Nimr RI, Hakeem R, Moreschi JM, Pari-Keener M,
Stahnke B, Papoutsakis C, Handu D, Cheng FW. Vitamin D supplementation
during pregnancy: an evidence analysis Center systematic review and Meta-
analysis. J Acad Nutr Diet. 2020;120(5):898-924e894.

Bi WG, Nuyt AM, Weiler H, Leduc L, Santamaria C, Wei SQ. Association
between vitamin D supplementation during pregnancy and offspring
growth, morbidity, and mortality: a systematic review and Meta-analysis.
JAMA Pediatr. 2018;172(7):635-45.

De-Regil LM, Palacios C, Lombardo LK, Pena-Rosas JP. Vitamin D supple-
mentation for women during pregnancy. Cochrane Database Syst Rev
2016(1):CD008873.

Silveira RC, Mendes EW, Fuentefria RN, Valentini NC, Procianoy RS. Early inter-
vention program for very low birth weight preterm infants and their parents:
a study protocol. BMC Pediatr. 2018;18(1):268.

Daily DK, Ellison PH. The premie-neuro: a clinical neurologic examination of
premature infants. Neonatal Netw. 2005;24(1):15-22.

Traglia M, Windham GC, Pearl M, Poon 'V, Eyles D, Jones KL, Lyall K, Kharrazi M,
Croen LA, Weiss LA. Genetic contributions to maternal and neonatal vitamin
D levels. Genetics. 2020;214(4):1091-102.

Windham GC, Pearl M, Anderson MC, Poon V, Eyles D, Jones KL, Lyall K,
Kharrazi M, Croen LA. Newborn vitamin D levels in relation to autism spec-
trum disorders and intellectual disability: a case-control study in california.
Autism Res. 2019;12(6):989-98.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Vitamin D supplementation improved physical growth and neurologic development of Preterm Infants receiving Nesting Care in the neonatal Intensive Care Unit
	﻿Abstract
	﻿Introduction
	﻿Methods and materials
	﻿Subjects
	﻿Inclusion and exclusion criteria
	﻿Intervention
	﻿Detection of 25(OH)D in serum
	﻿Physical growth at 36 weeks’ PMA
	﻿Standardized neurologic assessment of the preterm infant
	﻿Data analysis

	﻿Results
	﻿Baseline characteristics of preterm neonates between the two groups
	﻿Comparison of serum 25(OH)D levels in preterm infants between the two groups at 36 weeks’ PMA
	﻿Comparison of physical growth in preterm infants between the two groups at 36 weeks’ PMA
	﻿Comparison of neurologic development in preterm infants between the two groups at 36 weeks’ PMA

	﻿Discussion
	﻿References


