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Abstract

Background Previous research has suggested a correlation between postnatal maximum weight loss (MWL) and
both neonatal mortality and morbidities in extremely preterm infants. However, the relationship between MWL and
neurodevelopmental outcomes remains underexplored.

Methods In a single-center, retrospective cohort study at Okayama Medical Center, we evaluated data from
extremely preterm infants admitted to the neonatal intensive care unit from 2010 to 2020. Infants who died within
the first 10 days of life were excluded. MWL in the first 10 days was the main exposure, categorized into three groups:
>15%, 5-15%, and < 5%. The primary outcome evaluated was the occurrence of death or neurodevelopmental
impairment (NDI) at age 3 years, defined as developmental impairments (developmental quotient [DQ] < 85), cerebral
palsy, hearing impairments, or visual impairments. Data analysis involved robust Poisson regression, adjusted for
perinatal confounders, with a restricted cubic spline function to examine the dose-response relationship. We also
conducted a sensitivity analysis using a DQ of < 70 to define developmental impairment.

Results Among 135 infants assessed for neurodevelopmental outcomes, 40 were in the > 15% MWL group, 71 in
the 5-15% group, and 24 in the < 5% group. Median gestational ages and birth weights were 25.9 weeks and 821 g
for > 15% MWL, 26.1 weeks and 818 g for 5-15% MWL; and 26.0 weeks and 734 g for < 5% MWL. Compared with
the 5-15% MWL group, the < 5% group exhibited a higher risk of death or NDI at age 3 years (62.8% vs. 80.8%, risk
ratio [RR] 1.36, 95% confidence interval [CI] 1.04-1.79) and NDI alone (59.2% vs. 79.2%, RR 1.43, 95% Cl 1.06—-1.94).
Furthermore, higher risks of developmental impairment were also noted in the > 15% (RR 1.32, 95% Cl 1.00-1.75)
and <5% (RR 1.46, 95% CI 1.08-1.98) groups. These associations were confirmed by spline analyses. In contrast, the
associations between MWL and neurodevelopmental outcomes using a DQ of <70 were not apparent.

Conclusions MWL within the first 10 days of life may be associated with increased risks of NDI and developmental
impairments by age 3 years in extremely preterm infants.

Keywords Weight loss, Neurodevelopment, Extremely preterm, Mortality, Developmental impairment

*Correspondence: 'Division of Neonatology, NHO Okayama Medical Center, 1711-1 Tamasu,
Kei Tamai Kita-ku, Okayama 701-1192, Japan
gmd501041@s.okayama-u.ac.jp ’Department of Epidemiology, Okayama University Graduate School of

Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-024-05090-6&domain=pdf&date_stamp=2024-9-27

Tamai et al. BMC Pediatrics (2024) 24:618

Background

Infants born extremely preterm, defined as those deliv-
ered between 22 and 27 weeks of gestation, face a sig-
nificant risk of neonatal mortality and morbidity. Recent
advancements have improved the short-term outcomes
for these infants [1, 2]. However, severe neurodevelop-
mental disorders remain a significant long-term issue [3,
4]. Factors such as gestational age, being small for gesta-
tional age, and sex are crucial in predicting neurological
outcomes in these infants [5].

Physiological weight loss is a crucial aspect of the new-
born adaptation. However, the threshold at which physi-
ologic weight loss becomes problematic is unclear, even
in term infants. It is recognized that preterm infants
often face physiological challenges and require medical
interventions. Notably, the lower the gestational age, the
higher the volume of extracellular fluid [6]. Extremely
preterm infants are particularly vulnerable to excessive
weight loss in their first week of life, which can be attrib-
uted to an immature skin barrier, respiratory distress,
significant postnatal diuresis, and immature renal func-
tion [7]. Excessive early postnatal weight loss has been
associated with an increased risk of extrauterine growth
restriction, which may lead to poorer neurodevelopmen-
tal outcomes [8]. Research also suggests a correlation
between maximum weight loss (MWL) and neonatal
mortality and morbidities, including bronchopulmonary
dysplasia, intraventricular hemorrhage, and necrotizing
enterocolitis [9-11]. A retrospective analysis of the Pre-
term Erythropoietin Neuroprotection Trial revealed that
an MWL ranging from 5 to 15% during the first week of
life was associated with a decreased likelihood of necro-
tizing enterocolitis compared with an MWL exceeding
15% in extremely preterm infants born between 2013 and
2016 [9]. This finding suggests that an MWL of 5-15%
might represent an optimal range for these infants.
However, few studies have examined the association
between MWL and neurodevelopmental outcomes in
this population.

This study aimed to examine the association between
MWL during the first 10 days of life and neurodevelop-
mental outcomes at the age of 3 years in extremely pre-
term infants.

Materials and methods

Study cohort

We conducted a retrospective cohort study at a single
center to investigate perinatal information related to
infants born extremely preterm between January 2010
and December 2020. These infants were admitted to
our tertiary neonatal intensive care unit (NICU). We
excluded infants born outside our hospital, those with
major congenital anomalies, those who died within the
first 10 days of life, or those without weight data beyond
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birth during the initial 10 days. We extracted perina-
tal data from discharge summaries and cross-verified it
using admission charts.

MWL

In our NICU, we routinely perform non-birth weight
measurements on extremely preterm infants. Although
we did not have a protocol to eliminate interobserver
variability, our NICU nurses weighed extremely preterm
infants in the incubator at the request of physicians, using
a regularly maintained ATOM Infant Weighing Scale
NS-616 hanging type (ATOM Medical Corporation,
Tokyo, Japan). These assessments typically occur daily or
every few days after 72 h of life. However, for infants with
unstable respiratory and circulatory status, the evalua-
tion of non-birth weight measurements could be delayed
until after 96—120 h of life. We calculated the MWL using
the formula: MWL = (birth weight—minimum weight
other than birth weight) x 100/birth weight. We catego-
rized the percentage of MWL within the first 10 days of
life into three groups: MWL >15%, between 5% and 15%,
and <5%, including cases with no weight loss. This clas-
sification aligns with the one used in the cohort study
mentioned in the introduction [9]. All infants underwent
consistent initial and subsequent fluid treatments accord-
ing to our hospital’s protocol (60 mL/kg on the first day,
70-80 mL/kg on the second day, and 80-90 mL/kg on
the third day). The fluid regimen was adjusted as neces-
sary in response to changes in the infant’s electrolyte lev-
els. Additionally, all infants were kept in incubators with
a high-humidity environment (90-95%). Since March
2012, our NICU has adopted a revised protocol for the
administration of amino acids to extremely preterm
infants. Previously, the protocol required an increase in
amino acid dosage of 0.5 g/kg/day every three days after
birth. Following the revision, the protocol was adjusted
to include a daily increase of 0.5 g/kg/day for the first
three days after birth, followed by an increase of 0.5 g/kg/
day every two days, up to a maximum of 2.5 g/kg/day.

Neurodevelopmental outcomes

Neurodevelopmental assessments were conducted at
age 3 years. We defined cerebral palsy as abnormal mus-
cle tone in one or more extremities, along with atypical
control of movement and posture [12]. Cognitive func-
tion was evaluated using the Kyoto Scale of Psychologi-
cal Development (KSPD) [13]. Certified psychologists
administered the KSPD 2001 assessment. The KSPD is
an individualized face-to-face test that assesses a child’s
development in the following three domains: Cogni-
tive-Adaptive (non-verbal reasoning or visuospatial
perceptions assessed with materials), Language-Social
(interpersonal relationships, socialization, and lan-
guage skills), and Postural-Motor (fine and gross motor
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functions) [14]. Each score for these three domains and
the sum of the scores were converted to represent each
developmental age and the overall developmental age.
The developmental quotient (DQ) was calculated by
dividing the developmental age by the chronological age
and multiplying the quotient by 100. In the Japanese pro-
tocol for the follow-up of VLBW infants, the develop-
mental function was classified as “delayed” if the overall
DQ was <70, “subnormal” if it was 70—-84, and “normal”
if it was 285. A comparative study in Japan demonstrated
that an overall DQ of <70 in the KSPD is equivalent to
a Bayley III cognitive score of <85 [13]. Hearing impair-
ment and visual impairment were respectively defined as
the requirement for amplification devices and the lack
of functional vision in one or both eyes. Neurodevelop-
mental impairment (NDI) was defined as developmental
impairment, cerebral palsy, hearing impairment, or visual
impairment. We further classified mild and moderate
to severe NDI based on the degree of developmental
impairment, with mild NDI characterized by an overall
DQ score of less than 85 and moderate to severe NDI by
an overall DQ score of less than 70. The primary outcome
measured was the incidence of death or mild NDI at age
3 years, with secondary outcomes including the individ-
ual components of the primary outcome.

Statistical analyses
To evaluate the impact of loss to follow-up, we initially
examined the baseline characteristics of survivors with
and without neurodevelopmental data at age 3 years.
Additionally, we compared these characteristics among
extremely preterm infants who had neurodevelopmental
data at age 3 years, stratified by MWL categories: >15%,
5-15%, and <5%. Subsequently, we employed Poisson
regression models with robust variance estimators to
explore the associations between MWL categories and
both primary and secondary outcomes. After adjusting
for potential confounders, we calculated the risk ratios
(RRs) and 95% confidence intervals (ClIs) for the main
outcomes using the MWL 5-15% category as the refer-
ence. Our selection of potential confounders was based
on prior research and included gestational age (catego-
rized as 22-23, 24-25, and 26-27 weeks), sex (dichoto-
mous), small for gestational age (dichotomous), antenatal
corticosteroids (dichotomous), Clinical Risk Index for
Babies (CRIB) II score (categorized as <9, 10-14, and
>15), birth following changes to the amino acid dosage
protocol (dichotomous), and intraventricular hemor-
rhage (dichotomous) [9, 15-17]. As a sensitivity analysis,
we performed a Poisson regression analysis for moderate
to severe NDI and developmental impairment using the
cutoff of an overall DQ score of 70.

Gestational age was determined using ultrasound dur-
ing the first trimester and the date of the last menstrual
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period. Small for gestational age was defined as a birth
weight below the 10th percentile for gestational age,
according to standard Japanese neonatal anthropomet-
ric charts [18]. The term “antenatal steroids” refers to any
corticosteroid dose administered to the mother before
delivery. The CRIB II score was computed using five
variables assessed at NICU admission: sex, gestational
age, birth weight, base excess, and body temperature
[19]. Base excess was obtained from the initial blood gas
analysis during a retrospective chart review. Intraven-
tricular hemorrhage was diagnosed by head ultrasound
performed daily during the acute phase and confirmed
by head magnetic resonance imaging before discharge.
Periventricular leukomalacia was diagnosed by head
ultrasound or magnetic resonance imaging. Bronchopul-
monary dysplasia was defined as the need for supplemen-
tal oxygen or positive pressure ventilation at 36 weeks
of postmenstrual age [20]. Necrotizing enterocolitis was
determined by radiographic or surgical findings and Bell’s
criteria (stage 2 or greater) [21]. The diagnosis and treat-
ment of retinopathy of prematurity were based on the
criteria proposed by the Task Force of the Ministry of
Health, Labor and Welfare of Japan. The diagnosis of sep-
sis was based on positive blood culture results.

Furthermore, we conducted a restricted cubic spline
analysis to evaluate the relationship between MWL and
the primary and secondary outcomes. This analysis con-
trolled for the same covariates as in the original categori-
cal analyses. From the spline analyses, we derived the
adjusted RR and 95% CI for each MWL category, using
10% MWL as a reference. For all statistical analyses, we
utilized Stata SE version 18 (Stata Corp LLC, College Sta-
tion, TX, USA).

Ethics statement

This study received approval from the Institutional
Review Board of Okayama Medical Center (RINKEN
2023-080) and was conducted in accordance with the
principles outlined in the Declaration of Helsinki.
Informed consent was waived given the retrospec-
tive nature of the study (Institutional Review Board of
Okayama Medical Center, RINKEN 2023-080).

Results

Between 2010 and 2020, a total of 211 extremely preterm
infants were admitted to our NICU. Of these, 27 infants
were excluded for various reasons: out-of-hospital birth
(n=6), congenital anomalies (n=6), death within the first
10 days of life (n=7), and lack of weight data during the
initial 10 days (#=8). Among the remaining 184 infants,
7 died before NICU discharge, 2 died following NICU
discharge, and 40 were lost to follow-up for neurodevel-
opmental assessment at the age of 3 years. We success-
fully collected neurodevelopmental data for 40 infants in
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Extremely preterm infants admitted to our NICU
2010-2020 (n = 211)

\ 4

v

Eligible extremely preterm infants

Death before 10 days of age
Lack of data on weight loss in the first 10 days of life
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Exclusion criteria
Out-of-hospital birth =6)
Major congenital anomaly =06)

(

(
(n=7)
(n=8)

(n = 184)

/

a

>15% MWL cohort
(n =53)

5%—-15% MWL cohort
(n=101)

<5% MWL cohort
(n = 30)

Not evaluated at age 3 years (n = 13)

v

- Deaths during NICU stay (n = 5)
=P Deaths after NICU discharge (n = 2)

P Not evaluated at age 3 years (n = 23)

=y Deaths during NICU stay (n = 2)

=P Not evaluated at age 3 years (n = 4)

\ 4

n =40

n=71

n=24

Fig. 1 Study flowchart. Abbreviations: NICU, neonatal intensive care unit; MWL, maximum weight loss

Table 1 Characteristics of survivors with and without
neurodevelopmental data at age 3 years

With neurode- Without neu-
velopmental rodevelop-
data mental data
at age 3 years at age 3 years
n=135 n=40
Gestational age, weeks 26.0 (24.9-27.0) 25.7 (24.4-26.9)
Birth weight, g 796 (636-922) 764 (660-878)
Small for gestational age 20(14.8) 5(125)
Sex, male 71 (52.6) 25 (62.5)
Antenatal corticosteroids 122 (90.4) 36 (90.0)
CRIB Il score 11(9-13) 12 (9-13.5)
Births after amino acid dos- 104 (77.0) 32 (80.0)
age protocol changes
Intraventricular hemorrhage 36 (26.7) 18 (45.0)
MWL category
>15% 40 (29.6) 13(32.5)
5-15% 71(52.6) 23 (57.5)
<5% 24.(17.8) 4(10.0)

Abbreviations: CRIB, Clinical Risk Index for Babies; MWL, maximum weight loss

Note: Data are expressed as n (%) or median (interquartile range)

the MWL>15% cohort, 71 infants in the MWL 5-15%
cohort, and 24 infants in the MWL <5% cohort (Fig. 1).

Infants who did not have neurodevelopmental data
at age 3 years tended to have a younger gestational age,
lower birth weight, male sex, and a higher CRIB II score,
as shown in Table 1.

Outlines the characteristics of extremely preterm
infants, grouped by MWL category. Infants in the
MWL<5% category generally had a lower birth weight,
a higher incidence of being small for gestational age,
female sex, a later start date for measurements other than
birth weight, and a later age at MWL assessment.

Table 3 Presents the associations between MWL cat-
egories and the primary and secondary outcomes in
extremely preterm infants. None of the infants with
follow-up data exhibited hearing or visual impairments.
After adjusting for potential confounders, infants in the
MWL <5% category exhibited higher incidences of death
or mild NDI at age 3 years (80.8%) compared with those
in the MWL 5-15% category (62.8%, adjusted RR 1.36,
95% CI 1.04-1.79). Similarly, the incidence of mild NDI
(79.2% vs. 59.2%, adjusted RR 1.43, 95% CI 1.06—1.94),
as was the incidence of developmental impairment
(79.2% vs. 57.7%; adjusted RR 1.46, 95% CI 1.08-1.98).
In contrast, infants in the MWL >15% category showed
a higher incidence of developmental impairment (70.0%
vs. 57.7% in the MWL 5-15% category; adjusted RR
1.32, 95% CI 1.00-1.75). Despite slight overlaps in the
95% Cls, a comparable pattern was noted for mild NDI
between the MWL>15% and 5-15% categories (70.0%
vs. 59.2%; adjusted RR 1.29, 95% CI 0.98—1.70). No asso-
ciations were observed between the individual DQ scores
of the three domains (i.e., cognitive-adaptive, language-
social, and postural-motor) of the KSPD and the MWL
categories.
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Table 2 Characteristics of extremely preterm infants with neurodevelopmental data at age 3 years by MWL category

MWL category

>15% MWL 5-15% MWL <5% MWL

n=40 n=71 n=24
Gestational age, weeks 25.9(24.4-27.1) 26.1 (24.9-26.9) 26.0 (25.6-26.9)
Birth weight, g 821 (607-918) 818 (648-922) 734 (633-872)
Small for gestational age 1(2.5) 11 (15.5) 8(33.3)
Sex, male 20 (50.0) 42 (59.2) 9(37.5)
Antenatal corticosteroids 38(95.0) 63 (88.7) 21(87.5)
CRIB Il score 11(9-13) 11(9-12) 11(10-13)
Births after amino acid dosage protocol changes 31(77.5) 55(77.5) 18 (75.0)
Age at the start of non-birth weight measurement, days 4 (3-5) 4 (3-5) 55 (5-7)
Age at MWL, days 5.5 (4-7) 5(4-7) 6.5 (5-9)
Intraventricular hemorrhage 9(22.5) 21 (29.6) 6 (25.0)
Periventricular leukomalacia 0(0.0) 1(1.4) 0(0.0)
Bronchopulmonary dysplasia 12 (30.0) 18 (25.4) 8(33.3)
Patent ductus arteriosus requiring surgery 1(2.5) 2(2.8) 2(83)
Necrotizing enterocolitis 1(2.5) 7 (9.9 0(0.0)
Sepsis 5(12.5) 7 (9.9) 4(16.7)
Retinopathy of prematurity requiring treatment 21 (52.5) 22 (31.0) 9(37.5)

Abbreviations: CRIB, Clinical Risk Index for Babies; MWL, maximum weight loss
Note: Data are expressed as n (%) or median (interquartile range)

The sensitivity analysis using moderate to severe NDI
and developmental impairment defined as an overall
DQ of less than 70 is shown in Table 4. The associations
between MWL and neurodevelopmental outcomes at 3
years were not observed using this cutoff value for devel-
opmental impairment.

The results from the restricted cubic spline analysis are
shown in Fig. 2 and the Supplementary Figure. This anal-
ysis identified a U-shaped association between MWL and
the outcomes of death or mild NDJ, isolated mild NDI,
and developmental impairment defined as an overall DQ
score< 85, with the lowest RR observed at an MWL rate
of 10-12%.

Discussion

In our study, we investigated the association between
MWL during the first 10 days of life and neurodevelop-
mental outcomes at age 3 years in extremely preterm
infants. Infants in the MWL<5% had a higher propor-
tion of small-for-gestational-age infants with lower birth
weights than the other groups, suggesting that more
severely ill infants were more likely to be included in
the MWL <5% than in the other groups. We found that
infants experiencing less than 5% or more than 15%
MWL showed an elevated risk of mild NDI and other
developmental impairments compared with those within
the 5-15% MWL range. However, using developmen-
tal delay defined as a DQ of less than 70, the associa-
tions between MWL and neurodevelopmental outcomes
at 3 years, including moderate to severe NDI, were not
observed.

Several studies have explored MWL in preterm infants
and its impact on short-term outcomes, such as neonatal
mortality, bronchopulmonary dysplasia, intraventricular
hemorrhage, and necrotizing enterocolitis [9-11]. For
instance, a retrospective cohort study from the United
States involving 1,382 infants revealed that minimal
weight loss during the initial 10 days of life was associ-
ated with higher risks of mortality or bronchopulmonary
dysplasia in infants with extremely low birth weight born
between 1999 and 2001 [10]. Similarly, another study in
Turkey involving 126 infants demonstrated that either a
weight loss below 3% or above 12% was associated with
increased mortality, and a higher percentage of weight
loss was linked to a greater risk of intraventricular hem-
orrhage [11]. Conversely, a Canadian study of 191 infants
born between 23 and 28 weeks of gestation from 2015 to
2018 showed that maximum weight loss in the first 10
days, analyzed as a continuous variable, did not signifi-
cantly affect the odds of death and bronchopulmonary
dysplasia in this group [15]. A matched cohort analysis
in Italy noted that MWL, categorized as either >10% or
<10%, had no significant impact on the 2-year neurode-
velopment outcomes of 812 infants born between 24 and
31 gestational weeks from 2006 to 2019. These discrepan-
cies in findings may be attributed to variations in sample
size, outcome measures, and MWL thresholds. Indeed,
in our study, there is also a difference in results between
mild and moderate to severe NDI, which may be related
to the small number of applicable cases for moderate to
severe NDI. For our analysis, we adopted a simple MWL
range of 5-15% as the reference category, aligning with
a previous study [9]. The results of our spline analysis
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Table 3 Associations between MWL and neurodevelopmental outcomes in extremely preterm infants
N case/N total (%) Crude RR (95% ClI) Adjusted RR (95% CI)?

Death before age 3 years or mild NDI

>15% MWL 28/40 (70.0) 1.1 (0.85-1.45) 122 (094-1.59)

5-15% MWL 49/78 (62.8) 1 (reference) 1 (reference)

<5% MWL 21/26 (80.8) 1.29 (1.00-1.66) 1.36 (1.04-1.79)
Death before age 3 years

>15% MWL 0/40 (0) NE NE

5-15% MWL 7/78 (9.0 1 (reference) 1 (reference)

<5% MWL 2/26 (7.7) 0.86 (0.19-3.89) 0.69 (0.18-2.58)
Mild NDI?

>15% MWL 28/40 (70.0) 1.18 (0.89-1.57) 1.29 (0.98-1.70)

5-15% MWL 42/71 (59.2) 1 (reference) 1 (reference)

<5% MWL 19/24 (79.2) 1.34 (1.01-1.78) 143 (1.06-1.94)
Developmental impairment, overall DQ score < 85¢

>15% MWL 28/40 (70.0) 1.21 (091-1.61) 132 (1.00-1.75)

5-15% MWL 41/71 (57.7) 1 (reference) 1 (reference)

<5% MWL 19/24 (79.2) 137 (1.03-1.83) 146 (1.08-1.98)
Cognitive—Adaptive DQ score < 85¢

>15% MWL 24/40 (60.0) 1.09 (0.78-1.52) 1.16 (0.84-1.60)

5-15% MWL 39/71 (54.9) 1 (reference) 1 (reference)

<5% MWL 14/24 (58.3) 1.06 (0.71-1.58) 122 (0.80-1.85)
Language-Social DQ score < 85°

>15% MWL 26/40 (65.0) 1.15 (0.85-1.57) 1.21 (0.89-1.66)

5-15% MWL 40/71 (56.3) 1 (reference) 1 (reference)

<5% MWL 17/24 (70.8) 1.26 (0.90-1.75) 1.28 (0.89-1.84)
Postural-Motor DQ score < 85¢

>15% MWL 12/40 (30.0) 0.82 (0.47-1.44) 0.82 (047-143)

5-15% MWL 26/71 (36.6) 1 (reference) 1 (reference)

<5% MWL 8/24 (333) 091 (0.48-1.74) 0.99 (0.50-1.98)
Cerebral palsy

>15% MWL 1/40 (2.5) 044 (0.05-3.87) 061 (0.09-3.94)

5-15% MWL 4/71 (5.6) 1 (reference) 1 (reference)

<5% MWL 0/24 (0.0) NE NE

Abbreviations: Cl, confidence interval; DQ, developmental quotient; NDI, neurodevelopmental impairment; MWL, maximum weight loss; RR, risk ratio

Note: Data presented as the raw number (%) and RR (95% Cl)

2Adjusted for gestational age, sex, small for gestational age, antenatal corticosteroids, Clinical Risk Index for Babies Il score, birth after amino acid dosage protocol

changes, and intraventricular hemorrhage

BInfants with developmental impairment (overall DQ score <85), cerebral palsy, hearing impairment, or visual impairment

“Infants with a DQ score <85 using the Kyoto Scale of Psychological Development

suggest that it is advisable to use the midpoint of MWL
as a reference point.

Our findings indicate that infants with an MWL of
5-15% tend to exhibit more favorable neurodevelopmen-
tal outcomes at 3 years of age. We speculated that chil-
dren with less weight loss may be more immature and
exhibit unstable hemodynamics in the acute phase. In
contrast, children with greater weight loss may experi-
ence excessive intrauterine growth restriction, potentially
leading to poorer developmental outcomes [8]. This trend
also suggests that extremely preterm infants with mod-
erate edema rather than severe edema or malnutrition
at birth may undergo moderate MWL during the acute
phase, leading to a more favorable prognosis. Conversely,

the poor prognosis of infants with either less or more
weight loss may simply reflect their general condition at
birth, whether due to excessive edema or malnutrition.
In addition, the cumulative effect of short-term morbidi-
ties in infants with MWLs less than 5% and greater than
15% may influence their long-term prognosis. However,
it is essential to recognize the inherent uncertainties
associated with fluctuations in MWL during the critical
early days of life. We speculate that MWL may serve as
an indicator of prematurity rather than a directly modifi-
able determinant. Furthermore, asserting that an MWL
of 5-15% is optimal for extremely preterm infants is chal-
lenging, given that the mortality rates observed in our
study for the MWL 5-15% category were higher than
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Table 4 Associations between MWL and neurodevelopmental outcomes using moderate to severe NDI and developmental

impairment defined as a DQ score of <70

N case/N total (%) Crude RR (95% CI) Adjusted RR (95% CI)?

Death before age 3 years or moderate to severe NDI°

>15% MWL 8/40 (20.0) 0.62 (0.31-1.26) 0.85 (044-167)

5-15% MWL 25/78 (32.1) 1 (reference) 1 (reference)

<5% MWL 8/26 (30.8) 0.96 (0.49-1.86) 0.69 (035-1.35)
Moderate to severe NDIP

>15% MWL 8/40 (20.0) 0.79 (0.38-1.65) 1.08 (052-222)

5-15% MWL 18/71 (25.4) 1 (reference) 1 (reference)

<5% MWL 6/24 (25.0) 0.99 (0.44-2.20) 0.70 (0.30-1.63)
Developmental impairment, overall DQ score < 70

>15% MWL 8/40 (20.0) 0.84 (0.40-1.77) 117 (0.56-242)

5-15% MWL 17/71 (23.9) 1 (reference) 1 (reference)

<5% MWL 6/24 (25.0) 1.04 (0.46-2.35) 0.70 (0.28-1.72)
Cognitive—Adaptive DQ score < 70°

>15% MWL 13/40 (32.5) 1.28 (0.70-2.34) 1.66 (0.89-3.07)

5-15% MWL 18/71 (25.4) 1 (reference) 1 (reference)

<5% MWL 5/24 (20.8) 0.82 (0.34-1.98) 0.86 (0.36-2.08)
Language-Social DQ score < 70°

>15% MWL 7/40 (17.5) 0.62 (0.29-1.34) 0.75 (0.35-1.58)

5-15% MWL 20/71 (28.2) 1 (reference) 1 (reference)

<5% MWL 7/24 (29.2) 1.04 (0.50-2.15) 0.82 (0.38-1.79)
Postural-Motor DQ score < 70

>15% MWL 8/40 (20.0) 1.18 (0.53-2.66) 1.20 (049-291)

5-15% MWL 12/71 (16.9) 1 (reference) 1 (reference)

<5% MWL 4/24 (16.7) 0.99 (0.35-2.78) 1.25 (043-3.66)

Abbreviations: Cl, confidence interval; DQ, developmental quotient; NDI, neurodevelopmental impairment; MWL, maximum weight loss; RR, risk ratio

Note: Data presented as the raw number (%) and RR (95% Cl)

?Adjusted for gestational age, sex, small for gestational age, antenatal corticosteroids, Clinical Risk Index for Babies Il score, birth after amino acid dosage protocol

changes, and intraventricular hemorrhage

BInfants with developmental impairment (overall DQ score <70), cerebral palsy, hearing impairment, or visual impairment

“Infants with a DQ score <70 using the Kyoto Scale of Psychological Development

those in the categories with MWLs greater than 15% or
less than 5% (9.0% vs. 0% vs. 7.7%, respectively).

Our study, conducted in a NICU, provides accurate
and comprehensive data but is subject to several limita-
tions that must be acknowledged. The primary limitation
is the relatively small sample size. Although we adjusted
for potential confounders, the possibility of residual con-
founder effects could not be completely ruled out. The
different results for mild and moderate to severe NDI may
also be related to the lack of case numbers. Additionally,
eligible infants were not weighed daily post-birth. Most
were first weighed 72 h after birth, while those in unstable
conditions were not weighed until 120 h post-birth. This
delay could lead to an underestimation of MWL in these
infants. For example, Table 2 shows that infants in the
MWL<5% category were older at the time of their first
weight measurement post-birth compared with those
in the MWL>15% or 5-15% categories. Comparatively,
a US cohort study found that the day of life for MWL
measurement in extremely low birth weight infants was
5.5+2.1 days (mean=*standard deviation) [22], suggesting

that the timing of the first weight measurement in our
study was appropriate for MWL assessment (Table 2).
Another limitation is the loss of some cases to follow-up
for neurodevelopmental assessments at 3 years. This loss
was more frequent in the high-risk group, which includes
infants with younger gestational age, lower birth weight,
male sex, and higher CRIB II scores, thereby raising the
possibility of selection bias that could inflate estimates
of neurodevelopmental outcomes. This may be due to
the early identification of developmental delays before 3
years, resulting in referral to and follow-up in rehabilita-
tion facilities before our developmental assessment at 3
years. Furthermore, during the study period, our NICU
revised the protocol for the administration of amino
acids to extremely preterm infants. Although there was
no notable difference in the number of cases between the
three groups before and after the revised protocol, this
could affect the results of our study. Finally, instead of the
widely used Bayley Scales of Infant Development, Third
Edition (Bayley III), we utilized the KSPD to assess devel-
opmental impairment. However, previous research has
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Fig. 2 Restricted cubic spline analysis. Adjusted RRs (solid lines) and 95% Cls (dotted lines) for the associations between MWL and the risk of death or
mild NDI. An MWL below zero indicates infants who had no postnatal weight loss during the first 10 days of life. The analysis revealed that the lowest RR
was associated with an MWL rate of 10-12%. Abbreviations: Cl, confidence interval; MWL, maximum weight loss; NDI, neurodevelopmental impairment;

RR, risk ratio

shown a strong correlation between the KSPD and Bayley
III [13], validating our methodological choice.

Conclusions

Our study identified an association between MWL
within the initial 10 days of life and mild NDI at 3 years of
age in extremely preterm infants. In contrast, the associa-
tions between MWL and moderate to severe NDI were
not apparent. Further research is needed to validate the
association between MWL and neurodevelopmental
outcomes in extremely preterm infants and to explore
potential underlying mechanisms.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512887-024-05090-6.

Supplementary Material 1: Figure. Restricted cubic spline analysis. Ad-
justed RRs (solid lines) and 95% Cls (dotted lines) for the associations be-
tween MWL and secondary outcomes: (a) mild NDI and (b) developmental
impairment defined as an overall DQ score < 85. An MWL below zero
indicates infants who had no postnatal weight loss during the first 10 days
of life. The analysis revealed that the lowest RR was associated with MWL
rates of 10-12%. Abbreviations: Cl, confidence interval; MWL, maximum
weight loss; NDI, neurodevelopmental impairment; RR, risk ratio.

Acknowledgements

We thank Drs. Michiko Murakami, Yusaku Kamiya, and Mariko Hattori for their
valuable comments. We thank Phoebe Chi, MD, from Edanz (https://jp.edanz.
com/ac), for editing a draft of this manuscript.

Author contributions

K.T. contributed to the study design, data analysis and interpretation, and
writing the first draft and revision of the manuscript. N.M. and T.Y. contributed
to the study design, data analysis and interpretation, and revision of the
manuscript. AT, MN,, and M.K. contributed to the study design, provided
important intellectual content, and revised the manuscript. All the authors
mentioned above approved the final manuscript.

Funding
None.

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

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of Okayama
Medical Center (RINKEN 2023-080) and was conducted in accordance with
the principles of the Declaration of Helsinki. Informed consent was waived
because of the retrospective nature of the study (Institutional Review Board of
Okayama Medical Center, RINKEN 2023-080).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 May 2024 / Accepted: 18 September 2024
Published online: 30 September 2024


https://doi.org/10.1186/s12887-024-05090-6
https://doi.org/10.1186/s12887-024-05090-6

Tamai et al. BMC Pediatrics

(2024) 24:618

References

1.

Bell EF, Hintz SR, Hansen NI, Bann CM, Wyckoff MH, DeMauro SB, et al. Mortal-
ity, in-hospital morbidity, care practices, and 2-year outcomes for extremely
preterm infants in the US, 2013-2018. JAMA. 2022;327:248-63.

Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo WA, Shankaran S, et al. Trends

in care practices, morbidity, and mortality of extremely preterm neonates,
1993-2012. JAMA. 2015;314:1039-51.

Hintz SR, Kendrick DE, Wilson-Costello DE, Das A, Bell EF, Vohr BR, et al. Early-
childhood neurodevelopmental outcomes are not improving for infants born
at <25 weeks' gestational age. Pediatrics. 2011;127:62-70.

Nakanishi H, Suenaga H, Uchiyama A, Kono Y, Kusuda S. Trends in the
neurodevelopmental outcomes among preterm infants from 2003-2012: a
retrospective cohort study in Japan. J Perinatol. 2018;38:917-28.

Duncan AF, Matthews MA. Neurodevelopmental outcomes in early child-
hood. Clin Perinatol. 2018;45:377-92.

Curtis SN. Fluid, Electrolytes, and Acid-Base Homeostasis. In: Martin RJ,
Fanaroff AA, editors. Fanaroff and Martin's Neonatal-Perinatal Medicine. 12th
edition. Philadelphia: Elsevier; 2024. pp. 1948-65.

Valentine GC, Umoren RA, Perez KM. Early inadequate or excessive weight
loss: a potential contributor to mortality in premature newborns in resource-
scarce settings? Pediatr Neonatol. 2021;62:237-9.

Fenton TR, Cormack B, Goldberg D, Nasser R, Alshaikh B, Eliasziw M, et al.
Extrauterine growth restriction and postnatal growth failure are misnomers
for preterm infants. J Perinatol. 2020;40:704-14.

Valentine GC, Perez KM, Wood TR, Mayock DE, Comstock BA, Puia-Dumitrescu
M, et al. Postnatal maximal weight loss, fluid administration, and outcomes in
extremely preterm newborns. J Perinatol. 2022;42:1008-16.

Oh W, Poindexter BB, Perritt R, Lemons JA, Bauer CR, Ehrenkranz RA, et al.
Association between fluid intake and weight loss during the first ten days of
life and risk of bronchopulmonary dysplasia in extremely low birth weight
infants. J Pediatr. 2005;147:786-90.

Aksoy HT, Glizoglu N, Eras Z, Gékee K, Canpolat FE, Uras N, et al. The associa-
tion of early postnatal weight loss with outcome in extremely low birth
weight infants. Pediatr Neonatol. 2019;60:192-6.

Bax MC, Flodmark O, Tydeman C. Definition and classification of cere-

bral palsy. From syndrome toward disease. Dev Med Child Neurol.
2007;109:39-41.

20.

21.

22.

Page 9 of 9

Kono Y, Yonemoto N, Kusuda S, Hirano S, Iwata O, Tanaka K, et al. Develop-
mental assessment of VLBW infants at 18 months of age: a comparison study
between KSPD and Bayley lll. Brain Dev. 2016;38:377-85.

Kono Y. Neurodevelopmental outcomes of very low birth weight infants in
the Neonatal Research Network of Japan: importance of neonatal intensive
care unit graduate follow-up. Clin Exp Pediatr. 2021,64:313-21.

Soullane S, Patel S, Claveau M, Wazneh L, Sant’Anna G, Beltempo M. Fluid sta-
tus in the first 10 days of life and death/bronchopulmonary dysplasia among
preterm infants. Pediatr Res. 2021;90:353-8.

Verma R, Shibly S, Fang H, Pollack S. Do early postnatal body weight changes
contribute to neonatal morbidities in the extremely low birth weight infants.
J Neonatal Perinat Med. 2015;8:113-8.

Correani A, Biagetti C, Burattini |, Bellagamba MP, D'Ascenzo R, Ferretti E, et al.
Early postnatal weight loss does not affect the 2-year neurodevelopment in
preterm infants of less than 32 weeks. Acta Paediatr. 2023;112:984-92.
[tabashi K, Miura F, Uehara R, Nakamura Y. New Japanese neonatal anthropo-
metric charts for gestational age at birth. Pediatr Int. 2014;56:702-8.

Parry G, Tucker J, Tarnow-Mordi W. CRIB II: an update of the clinical risk index
for babies score. Lancet. 2003;361:1789-91.

Jensen EA, Dysart K, Gantz MG, McDonald S, Bamat NA, Keszler M, et al.

The diagnosis of bronchopulmonary dysplasia in very preterm infants. An
evidence-based approach. Am J Respir Crit Care Med. 2019;200:751-9.

Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L, et al. Neonatal
necrotizing enterocolitis. Therapeutic decisions based upon clinical staging.
Ann Surg. 1978;187:1-7.

Verma RP, Shibli S, Fang H, Komaroff E. Clinical determinants and utility of
early postnatal maximum weight loss in fluid management of extremely low
birth weight infants. Early Hum Dev. 2009;85:59-64.

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



	﻿Postnatal weight loss and neurodevelopmental outcomes at age 3 years in extremely preterm infants: a cohort study
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study cohort
	﻿MWL
	﻿Neurodevelopmental outcomes
	﻿Statistical analyses
	﻿Ethics statement

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


