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a b s t r a c t

Objectives: Growth retardation is a risk for premature infants. In addition to demographic and perinatal
factors, preterm infants’ physical growth may be affected by neonatal intensive care unit (NICU) stress,
maternal postpartum depression, and mother-infant interaction. This study aimed to investigate the
trajectories of physical growth in 4 months corrected age among preterm infants discharged from the
NICU and the impactors on these trajectories.
Methods: A prospective study was conducted among 318 preterm infants from September 2019 to April
2021 in Shanghai, China. Latent growth modeling was applied to identify the weight, length, and head
circumference growth trajectories in 4 months corrected age and explore the effects of demographic and
medical characteristics, infant stress during NICU stay, maternal postpartum depression, and mother-
infant interaction on each trajectory.
Results: Unconditional latent growth models showed curve trajectories with increasingly slower growth
in weight, length, and head circumference until 4 months of corrected age. Conditional latent growth
models showed that a longer length of stay in the NICU and more skin punctures were negatively
associated with weight at 40 weeks corrected gestational age (b ¼ �0.43 and �0.19, respectively,
P < 0.05). The maternal postpartum depression between 40 weeks corrected gestational age and 1 month
corrected postnatal age was associated with a lower growth rate of length (b ¼ �0.17, P ¼ 0.040), while
between 2 and 3 months corrected postnatal age, there were lower growth rates of weight and head
circumference (b ¼ �0.15 and �0.19, respectively, P < 0.05). The mother-infant interaction scores be-
tween 40 weeks corrected gestational age and 1 month corrected postnatal age negatively predicted the
growth rate of weight (b ¼ �0.19, P ¼ 0.020).
Conclusion: The physical growth trajectories of preterm infants discharged from the NICU were influ-
enced by infant stress during the NICU stay, maternal postpartum depression and mother-infant
interaction.
© 2023 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� It is suggested that the period between birth and 4 months of
corrected age is important for catch-up growth of preterm
infants.
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� Preterm infants’ neurodevelopment might be strongly affected
by stress during neonatal intensive care unit (NICU) stay while
its effect on physical growth still lacks in evidence.

� Postpartum depression is common in mothers of preterm in-
fants, which might be related to poor quality mother-infant
interaction at the same time; however, both of these can lead
to negative infant care, which in turn leads to growth retarda-
tion in preterm infants.
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What is new?

� It is indicated that the period between birth and 4 months of
corrected age is important for catch-up growth. Preterm infants
in this study did not lag in terms of weight, length, and head
circumference growth compared with the World Health Orga-
nization (WHO) growth standard for term infants.

� Our study found that infant stress during the NICU stay,
maternal postpartum depression and mother-infant interaction
all affected the physical growth trajectories, including levels and
rates among preterm infants in the 4 months corrected age.
1. Introduction

Preterm birth (at gestational age <37 weeks) is a major factor in
maternal and child health worldwide, and the associated compli-
cations are the leading cause of infant and under-5 mortality [1].
Reports from the World Health Organization (WHO) indicate that,
globally, approximately 15 million infants (10.6% of all live births)
were born prematurely in 2014 [2]. In China, which has the second
largest population of preterm infants worldwide, the incidence of
preterm births is approximately 7%, with an increasing trend in the
past 30 years (annual growth rate: 1.1%e1.3%) that could continue
for a long period [3] due to the three-child policy and advances in
assisted reproductive technology. Rapid advances in perinatal and
neonatal medicine have decreased mortality and increased the
survival of preterm infants. However, efforts to monitor and
improve the long-term prognosis, including the growth and
development of preterm infants, are equally important. To date,
numerous studies have shown that a large proportion of preterm
infants lag behind full-term infants in physical growth. A multi-
center study [4] showed that 26.1% of preterm infants presented
with weight retardation a few days after birth. In a previous study
[5], the incidences of growth retardation in weight, length, and
head circumference among preterm infants at 12 months corrected
postnatal age were 16.3%, 10.3%, and 18.3%, respectively.

As reported, the level of weight, length, and head circumference
among preterm infants were approaching or exceeding the 10th
percentile of standards at 4 months of corrected age, then with
gentle changes at a later time [6]. It is indicated that the period
between birth and 4 months corrected age is critical for the catch-
up growth of preterm infants, and most preterm infants might
achieve catch-up growth at 4 months corrected age [7]. Recently,
several studies suggested that the physical growth status during
this period was closely related to long-term outcomes, including
cognitive and motor development [8e11]. Therefore, it is necessary
to explore the crucial factors in physical development before 4
months of corrected age. Considering the consensus on starting to
add complementary foods at 4e6 months of corrected age, which
might bring great differences in growth due to the diversity of
complementary foods, we focused on the physical growth in 4
months of corrected age among preterm infants.

Most of the existing studies focused on the effect of perinatal
characteristics on the physical growth of offspring. However, these
characteristics prove challenging to regulate for better growth.
Therefore, it is crucial to identify contributory factors that can be
regulated during neonatal intensive care unit (NICU) hospitaliza-
tion and follow-up.

During hospitalization, infant stress during the NICU stay might
be a potential negative factor in the early growth and development
of preterm infants. To our knowledge, infant stress during NICU stay
has not been clearly defined, although the condition can be typified
as a cause of physical stress or mental tension due to environmental
factors in the NICU, such as invasive procedures, pain, and mother-
207
infant separation [12]. Moreover, preterm infants are more likely to
be affected strongly by stress than full-term infants because of their
immature pain-perceptive neuronal connections and function right
after birth, which confers an inability to distinguish between
harmful and non-harmful stress to enable successful coping [13].
However, few studies have investigated the impact of infant stress
during NICU stays on the physical growth of preterm infants rather
than on neurodevelopment.

Usually, mothers are the primary caregivers for preterm infants
at home, and their depressive symptoms can profoundly impact
infants’ development through caregiving, which has been proven in
several studies. A systematic review of 17 original studies [14]
showed that infants exposed to maternal postpartum depression
had a 1.4e1.5 times higher risk of weight and length retardation;
additionally, the risk of growth retardation might increase from
24% to 29% with exposure to maternal postpartum depression. In
the first postpartum year, maternal postpartum depression is more
common among mothers after preterm birth [15,16] than among
those after term birth (incidence: �40% vs. 10%e15%, respectively)
[17]. That is to say, those preterm infants exposed to maternal
depression were at a high risk of growth retardation and failure to
catch up with growth. Furthermore, the effect of maternal post-
partum depression on the growth of infants was considered related
to the poor quality of mother-infant interaction. These mothers
with maternal depressive symptoms are likely to perform poorer
mother-infant interactions because of their lower maternal sensi-
tivity, which is characterized by a failure to identify infant cues of
need and to respond immediately [18,19]. Besides, preterm infants,
especially those born before 32 weeks of gestation, are more likely
to perform worse in interactions within the mother-infant dyad
[20]. In a conceptual model [21], maternal behavioral care (e.g.,
skin-to-skin contact) and nutritional care (lactation), which
constitute the mothers’ care tasks during feeding, are interrelated
and contribute to both nutritional and non-nutritional growth.
Thus, not only nutrition but the feeding-related interaction in the
mother-infant dyad contributes to early growth and development
[22]. There are, however, very few investigations of the relationship
between mother-infant interaction and physical growth since it is
challenging to observe mother-infant interaction in large samples.
The 10-item Mother and Baby Interaction Scale (MABIS) may serve
as a potential measure for accessing the mother-infant interaction
for screening large population samples [23].

Therefore, this study was conducted to clarify the factors asso-
ciated with the growth of preterm infants by 1) identifying the
dynamic physical growth trajectories of preterm infants in 4
months of corrected age and 2) determining potential critical
contributors, including infant stress during NICU stay, maternal
postpartum depression, and mother-infant interaction, after con-
trolling for confounders.

2. Methods

2.1. Study design and participants

This prospective survey with a 4-month follow-up period was
conducted from September 2019 to April 2021 in two inner-city
maternity and neonatal hospitals in Shanghai, China. We included
mother-infant dyads whomet the following criteria by convenience
sampling at outpatient follow-up clinics: 1) infants were prema-
turely born before 37 weeks of gestation; 2) mothers self-identify
as primary caregivers for infants; 3) mothers can read Chinese.
Infants with severe congenital disorders or malformations, critical
illnesses, or those who were transferred or died during their NICU
stay were excluded. Those mothers with psychotic disorders were
excluded.
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2.2. Data collection

The data on weight, length, and head circumference were
collected at five time points: 40 weeks of corrected gestational age
(T1),1 month (T2), 2months (T3), 3 months (T4), and 4months (T5)
of corrected postnatal age. In total, 318 mother-infant dyads with at
least two follow-up data records were included. Some sample
attrition occurred when the research was paused during the
COVID-19 pandemic, and consequently, 294, 279, 244, 221, and 191
mother-infant dyads were included at corrected ages of 40 weeks
gestation and 1, 2, 3, and 4 months, respectively. Maternal post-
partum depression and mother-infant interaction were measured
during two time intervals: T1eT2 (n ¼ 280) and T3eT4 (n ¼ 233).
Data collection was conducted by two researchers (T. Z. and Q. W.).

2.3. Measures

2.3.1. Demographic and medical characteristics
Data on the demographic and medical characteristics, including

sex, gestational age at birth and birth weight of infants, maternal
age, educational background, singleton pregnancy, delivery mode,
gestational history, pregnancy-related complications, and so on,
were collected from the medical records in the Hospital Informa-
tion System (HIS).

2.3.2. Physical growth
Weight, length, and head circumferencewere used to determine

the physical growth of premature infants. Weight and length were
measured using standard calibrated weight and length scales, ac-
curate to 10 g and 1 cm, respectively, in a special clinic room. Infants
were laid down on the board in a supine positionwithout shoes and
with minimal clothing during the measurements. Head circum-
ferencewasmeasured to the nearest 0.1 cm using a non-elastic tape
that encircled the most prominent part of the occiput and around
the forehead. The assessments were performed and uniformly
recorded in the HIS by trained staff.

2.3.3. Infant stress during the NICU stay
Infant stress during the NICU stay was described by several var-

iables, including the length of stay (LOS, days) in the NICU, whether
the infant receivedmechanical ventilation (MV), and the total counts
of skin punctures (the sum of heel lances, peripheral venous and
central vascular punctures). LOS comprised the days from NICU
admission to transfer out of the NICU. Whether the infant received
MV was determined based on medical records for tracheal tubes.
Details of skin punctures were collected from medical records.

2.3.4. Maternal postpartum depression
Maternal postpartum depression was assessed using the Chinese

versionof theEdinburghPostnatalDepressionScale (EPDS), a 10-item
screening scale for the early detection of depressive symptoms
[24,25]. Each itemwas scored bymothers from0 (never) to 3 (always)
according to their feelings over the past 7 days, and higher summed
scores (range0e30) indicatedmore severedepressive symptoms.The
Chinese-version scale had a sensitivity of 82% and a specificity of 86%
at a cut-off score of 9/10 [25]. In this study, a total score of 10 ormore
indicated depressive symptoms [26]. The reliability coefficient of the
EPDS was high (Cronbach’s a ¼ 0.85) in this study.

2.3.5. Mother-infant interaction
The mother-infant interaction was measured on the MABIS,

wherein the responses represented the situation in the preceding
month [27]. The scalecomprises10 itemsand the score foreach item is
selected from 0 (always), 1 (most of the time), 2 (occasionally), 3 (not
often), or 4 (never). Especially, items3, 7, and9are reverse-scored. The
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total score of the scale ranges from 0 to 40, with lower scores indi-
cating greater mother-infant interaction. The Cronbach’s a for MABIS
was 0.69 in a Norwegian study [23]. In the present study, with the
authorization of the original authors, the MABIS was translated into
Chinese through translation, back translation, cultural debugging, and
evaluation procedures by thewhole study group, which includes two
candidates for a master of science in nursing, three clinical nursing
specialists, a professor studying pediatric nursing, and a lecturer of
psychology. The Chinese version of the MABIS in this study has good
internal consistency (Cronbach’s a ¼ 0.76).

2.4. Data analysis

To achieve the first aim of this study, latent growth modeling
(LGM) was used to identify the trajectories of change for weight,
length, and head circumference among infants over time. LGM is a
powerful analytical approach for determining the growth process
from repeated measurement outcomes by using a series of latent
factors, such as intercept (representing the initial level of the
outcome), slope (representing the rate of change over time), and
quadratic (representing the change in the rate of change over time).
Three candidate unconditional LGMs were constructed: 1) linear
model with intercept and slope factors describing a linear pattern
of change over time; 2) quadratic model with intercept, slope, and
quadratic factors describing a quadratic growth curve for change
over time; 3) freely estimated model with intercept and slope
factors, while its slope loadings were fixed at 0 and 1 at T1 and T2
and freely estimated for T3, T4, and T5. The best-fit unconditional
LGMs would be chosen for further analysis.

The second aim of the study was to explore critical contributors
to the changes in physical growth over time. Those potential
covariates (i.e., sex, birth weight, skin punctures, maternal post-
partum depression, mother-infant interaction) identified by the
primary analysis, including t-test and Spearman correlation anal-
ysis, entered the unconditional LGMs to examine the influences on
the changes in physical growth. To obtain the final models with the
best fit, we simplified the models by removing the most non-
significant paths one by one to improve the model fits.

We used SPSS software (version 24.0) to conduct primary
analysis, including description, t-test, and correlation analysis, and
AMOS software (version 23.0) to construct LGMs. Full-information
maximum-likelihood estimation (FIML) was performed in LGM
analyses, which is a great technique for dealing with missing data
based on all available information. Various model-fit indices were
used to evaluate the goodness of LGMs as follows: chi-square sta-
tistics (c2/df), comparative fit index (CFI), normed fit index (NFI),
root mean square error of approximation (RMSEA) and Akaike in-
formation index (AIC). Those models with higher CFI and NFI as
well as lower RMSEA and AIC performed better fit. All tests were
performed at the level of significance of a ¼ 0.05.

2.5. Ethical consideration

This study was approved by the Public Health and Nursing
Research Ethics Committee of Shanghai Jiao Tong University (SJUPN-
202021). Before enrollment in the study, we obtained written
informed consent frommothers of preterm infants. Information such
as names was excluded from the data analysis for privacy protection.

3. Results

3.1. Descriptive analysis of mother-infant dyads

In total, 318 mother-infant dyads were included in the survey,
and their detailed characteristics are presented in Table 1. In this
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study cohort, 56 (17.6%) preterm infants were born before 32 weeks
and 262 (82.4%) were born between 32 and 37 weeks of gestation.
The mean birth weight was 2,075.61 g (SD ¼ 501.82, range
735e3,680 g), and 255 (80.2%) weighed less than 2,500 g at birth.
Only 37 (11.6%) infants were born small for gestational age (SGA);
14.2% of the participants received MV during hospitalization. Each
infant stayed in the NICU for 14.20 days and experienced 20 skin
punctures. Between the corrected ages of 40 weeks gestational age
and 1 month, 36.1% of mothers experienced maternal postpartum
depression, whereas, between 2 and 3 months, 30.5% reported
maternal postpartum depression. As for the mother-infant inter-
action, 280 mothers reported a mean MABIS score of 11.81
(SD¼ 5.33) between the corrected ages of 40 weeks gestational age
and 1 month, and 233 mothers reported a mean MABIS score of
10.18 (SD ¼ 4.72) between 2- and 3-months corrected age. Changes
in weight, length, and head circumference of preterm infants over
time were summarized in Supplementary Table 1, and the corre-
sponding trajectories of weight, length and head circumference
were shown in Fig. 1 in comparison with growth standards pub-
lished by WHO.
3.2. Unconditional LGMs for trajectories of physical growth

To investigate the change in weight, length, and head circum-
ference among the sample, we tested linear, quadratic, and freely
estimated trajectories for each growth indicated. The linear models
for weight, length and head circumference were initially excluded
from our consideration for their poor model fit with extremely low
CFI and NFI (all <0.7). Though quadratic models for each growth
indicated that all performed better than freely estimated models in
Table 1
Mother-infant characteristics (n ¼ 318).

Variables n (%)

Preterm Infants
Sex
Female 158 (49.7)
Male 160 (50.3)

Gestational age, weeks, Mean (SD) 33.75 (2.33)
Birth weight, g, Mean (SD) 2,075.61 (501.82)
5 min Apgar score, Mean (SD) 9.29 (0.81)
Pregnancy type
Twin pregnancy 121 (38.1)
Singleton pregnancy 197 (61.9)

SGA 37 (11.6)
Breastfeeding during hospitalization in the NICU 188 (59.1)
Stress during NICU stay
LOS, days, Median (P25, P75) 14.20 (7.02, 30.88)
MV 45 (14.2)
Skin punctures, Median (P25, P75) 20.0 (12.0, 32.0)

Mothers
Maternal age, Mean (SD) 31.91 (4.04)
Education background
High school or lower 26 (8.2)
Secondary professional education or vocational school 74 (23.3)
University or higher 218 (68.5)

Delivery mode
Vaginal delivery 74 (23.3)
Cesarean delivery 244 (76.7)

Maternal depression
T1eT2 (n ¼ 280) 101 (36.1)
T3eT4 (n ¼ 233) 71 (30.5)

Mother-infant interaction, Mean (SD)
T1eT2 (n ¼ 280) 11.81 (5.33)
T3eT4 (n ¼ 233) 10.18 (4.72)

Note： Data are n (%), otherwise indicated. LOS ¼ length of stay in the NICU.
MV ¼mechanical ventilation. SGA ¼ small for gestational age infant. T1 ¼ 40 weeks
of corrected gestational age. T2¼ 1month of corrected postnatal age. T3¼ 2months
of corrected postnatal age. T4 ¼ 3 months of corrected postnatal age.

209
terms of model fit, several parameters showed standardized factor
loadings of more than 1, which violated estimation, indicating a
lack of modeling ability. Therefore, freely estimated LGMs with
acceptable fits (CFI, NFI, all >0.85, and RMSEA <0.2) were chosen to
be used in subsequent analysis (details shown in Supplemental
Table 2).

For the weight model, the slope factor loadings were 0, 1.0, 1.8,
2.4, and 2.9, respectively, presenting the relative increment in
weight at T1eT5 compared with the weight level at T1. There were
significant initial level and growth increases in weight (intercept
factor mean ¼ 3,333.86, P < 0.001; slope factor mean ¼ 1,383.38,
P < 0.001) and interindividual variability (intercept factor
variance¼ 266,740.24, P < 0.001; slope factor variance¼ 69,229.02,
P < 0.001) during the study period. No significant correlation be-
tween weight level at the 40-week corrected age and weight
growth rates was observed.

For the length model, the estimated slope factor loadings were
0, 1.0, 2.0, 2.7, and 3.3, respectively, at the five predefined time
points. The intercept and slope factors were statistically significant
(intercept factor mean¼ 50.50, P < 0.001; slope factor mean¼ 4.12,
P < 0.001). Furthermore, there was significant variance in the
intercept and slope (intercept factor variance ¼ 3.53, P < 0.001;
slope factor variance¼ 0.23, P< 0.001). The covariance between the
intercept and slope was statistically non-significant (r ¼ �0.09,
P ¼ 0.297).

For the head circumference model, the estimated loadings for
slope factors were 0, 1.0, 2.0, 2.7, and 3.2. The intercept and slope
factors were statistically significant (intercept factor mean ¼ 34.67,
P < 0.001; slope factor mean ¼ 2.10, P < 0.001). In addition, there
were significant variances in the intercept and slope factors
(intercept factor variance ¼ 1.38, P < 0.001; slope factor
variance ¼ 0.09, P < 0.001). The covariance between the intercept
and slope showed a non-significant correlation (r ¼ �0.06,
P ¼ 0.100).

3.3. Conditional LGMs for trajectories of physical growth

Firstly, potential predictors were selected according to results in
single-covariate conditional LGMs, the independent samples t-test,
and Spearman’s rank correlation test (detailed results are pre-
sented in Supplemental Tables 3e9). Secondly, these potential
contributors were incorporated together into the LGMs for weight,
length, and head circumference, as presented in Fig. 2. Thirdly, the
models were simplified in an attempt to improve the fit by reducing
the non-significant paths. The final models for weight, length and
head circumference all had a good fit: 1) for the weight model,
c2 ¼ 135.62, P < 0.001, CFI ¼ 0.97, NFI ¼ 0.96, RMSEA ¼ 0.08,
AIC ¼ 351.62; 2) for the length model, c2 ¼ 86.11, P < 0.001,
CFI ¼ 0.98, NFI ¼ 0.97, RMSEA ¼ 0.06, AIC ¼ 248.11; 3) for the head
circumference model, c2 ¼ 175.38, P < 0.001, CFI ¼ 0.95, NFI ¼ 0.94,
RMSEA ¼ 0.10, AIC ¼ 337.38.

The results showed that demographic and medical character-
istics such as maternal age, male, gestational age and birth weight
might contribute to the final models for weight, length, and head
circumference. Tables 2e4, respectively, show the details of the
final models for weight, length, and head circumference. Longer
LOS and more skin punctures might contribute to a lower level of
weight gain at 40 weeks’ corrected age (b ¼ �0.43 and �0.19,
P ¼ 0.004 and 0.048). Otherwise, preterm infants with maternal
postpartum depression between 40-week and 1-month corrected
agemight have a lower growth rate of length (b¼�0.17, P¼ 0.040),
whereas those with maternal postpartum depression between 2-
and 3-month corrected age might have a lower rate of weight and
head circumference (b ¼ �0.15 and �0.19, P ¼ 0.037 and 0.049).
Furthermore, the slope of the weight model was negatively



Fig. 1. Growth curve of preterm infants in this study and the WHO standards.
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predicted by the score of mother-infant interaction (b ¼ �0.19,
P ¼ 0.020), which means that a worse mother-infant interaction
may lead to a slower increase in weight for preterm infants.

4. Discussion

In this longitudinal study, the change in weight, length, and
head circumference in 4 months of corrected age among preterm
infants discharged from the NICU all showed a curved trajectory
with increasingly slower growth rates. There were individual dif-
ferences in both initial levels and growth rates of weight, length,
and head circumference among the participants. Besides, the
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growth rates were not associated with the initial level at 40 weeks
corrected age. Compared with the WHO growth standards for the
same age and sex, the preterm infants in this study did not lag in
terms of weight, length, and head circumference growth and
showed better growth with regard to weight, contrary to the result
of a previous study [5]. This difference is probably a result of the
higher proportion of moderate-to-late preterm infants with better
growth status in our study and the increasing focus on monitoring
as well as nutritional support guided by follow-up clinics for pre-
term infants in Shanghai, China, in the past 2 years. Moreover,
recent studies have shown that preterm infants grow better than
the WHO standards but worse than term infants in China [28,29].



Fig. 2. The measurement of conditional Latent Growth Models with covariates for the trajectories of weight, length, and head circumference of preterm infants.
The covariates were maternal age, twin pregnancy, sex, gestational age at birth, birth weight, SGA, breastfeeding during the NICU stay, LOS, skin punctures, MV, maternal depression
during T1eT2 and T3eT4, and mother-infant interaction during T1eT2 and T3eT4. For the conditional LGM of weight, the slope factor loadings were set as 0, 1.0, 1.8, 2.4, and 2.9 at
T1eT5, respectively; for the length model, the slope factor loadings were set as 0, 1.0, 2.0, 2.7, and 3.3 at T1eT5, respectively; for the HC model, the slope factor loadings were set as
0, 1.0, 2.0, 2.7, and 3.2 at T1eT5, respectively.
Abbreviation： HC ¼ head circumference. LGM ¼ Latent Growth Model. LOS ¼ length of stay in the NICU. MV ¼ mechanical ventilation. SGA ¼ small for gestational age infant.
T1 ¼ 40 weeks of corrected gestational age. T2 ¼ 1 month of corrected postnatal age. T3 ¼ 2 months of corrected postnatal age. T4 ¼ 3 months of corrected postnatal age. T5 ¼ 4
months of corrected postnatal age.

Table 2
Effects of demographic and medical characteristics, infant stress during NICU stay, maternal depression and mother-infant interaction on the weight growth trajectory.

Covariate Intercept Slope

B (SE) b C.R. P B (SE) b C.R. P

Maternal age 22.20 (5.81) 0.17 3.82 <0.001 �3.40 (3.60) �0.05 �0.95 0.344
Twin pregnancy 33.07 (52.03) 0.03 0.64 0.525 15.10 (32.15) 0.03 0.47 0.639
Male 4.62 (48.02) 0.00 0.10 0.923 195.81 (29.73) 0.38 6.59 <0.001
Gestational age �220.78 (27.97) �0.99 �7.89 <0.001 16.09 (17.32) 0.15 0.93 0.353
Birth weight 0.79 (0.09) 0.77 8.38 <0.001 0.13 (0.06) 0.26 2.25 0.025
SGA �35.40 (92.94) �0.02 �0.38 0.703 �51.83 (57.54) �0.06 �0.90 0.368
LOS �10.57 (3.70) �0.43 �2.86 0.004 3.46 (2.29) 0.28 1.51 0.131
Skin punctures �4.16 (2.10) �0.19 �1.98 0.048 0.86 (1.30) 0.08 0.66 0.511
Maternal depression (T3eT4) 67.25 (65.20) 0.06 1.03 0.302 �82.13 (39.45) �0.15 �2.08 0.037
Mother-infant interaction (T1eT2) �1.45 (6.24) �0.02 �0.23 0.817 �8.94 (3.83) �0.19 �2.33 0.020
Mother-infant interaction (T3eT4) �10.84 (7.63) �0.10 �1.42 0.155 2.42 (4.62) 0.04 0.52 0.601

Total effects R2 (intercept) ¼ 0.50, R2 (slope) ¼ 0.26
Model fit indices c2 ¼ 135.62, df ¼ 44, P < 0.001, CFI ¼ 0.97, NFI ¼ 0.96, RMSEA ¼ 0.08, AIC ¼ 351.62

Note：LOS ¼ length of stay in the NICU. SGA ¼ small for gestational age infant. T1 ¼ 40 weeks of corrected gestational age. T2 ¼ 1 month of corrected postnatal age. T3 ¼ 2
months of corrected postnatal age. T4 ¼ 3 months of corrected postnatal age.

Table 3
Effects of demographic and medical characteristics, infant stress during NICU stay, maternal depression and mother-infant interaction on length growth trajectory of pre-
mature infants.

Covariate Intercept Slope

B (SE) b C.R. P B (SE) b C.R. P

Maternal age 0.07 (0.02) 0.16 3.33 <0.001 �0.01 (0.01) �0.12 �1.63 0.102
Male 0.31 (0.18) 0.08 1.74 0.082 0.42 (0.07) 0.46 6.04 <0.001
Gestational age �0.61 (0.11) �0.76 �5.77 <0.001 0.09 (0.04) 0.46 2.26 0.024
Birth weight 0.00 (0.00) 0.89 9.37 <0.001 �0.00 (0.00) �0.29 �1.94 0.052
SGA �0.30 (0.35) �0.05 �0.86 0.391 �0.22 (0.14) �0.15 �1.62 0.106
LOS �0.01 (0.01) �0.14 �0.89 0.375 0.00 (0.01) 0.16 0.66 0.512
Skin punctures �0.01 (0.01) �0.18 �1.78 0.075 0.00 (0.00) 0.17 1.10 0.272
Maternal depression (T1eT2) 0.08 (0.20) 0.02 0.39 0.694 �0.16 (0.08) �0.17 �2.06 0.040
Mother-infant interaction (T3eT4) �0.03 (0.02) �0.08 �1.31 0.191 �0.00 (0.01) �0.02 �0.21 0.832

Total effects R2 (intercept) ¼ 0.56, R2 (slope) ¼ 0.26
Model fit indices c2 ¼ 86.11, df ¼ 38, P < 0.001, CFI ¼ 0.98, NFI ¼ 0.97, RMSEA ¼ 0.06, AIC ¼ 248.11

Note： LOS ¼ length of stay in the NICU. SGA ¼ small for gestational age infant. T1 ¼ 40 weeks of corrected gestational age. T2 ¼ 1 month of corrected postnatal age. T3 ¼ 2
months of corrected postnatal age. T4 ¼ 3 months of corrected postnatal age.
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The WHO standards describe the growth of children worldwide,
and country-specific growth references should be paid more
attention to. Considering that the healthy, full-term infants indicate
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the optimal growth potential rather than preterm infants in equal
conditions, it might be more instructive to include a full-term
cohort in further research, which was a pity in this study.



Table 4
Effects of demographic and medical characteristics, infant stress during NICU stay, maternal depression and mother-infant interaction on the head circumference growth
trajectory.

Covariate Intercept Slope

B (SE) b C.R. P B (SE) b C.R. P

Maternal age 0.04 (0.02) 0.15 2.79 0.005 �0.01 (0.01) �0.12 �1.38 0.167
Male 0.38 (0.13) 0.16 2.95 0.003 0.17 (0.05) 0.30 3.56 <0.001
Gestational age �0.31 (0.07) �0.64 �4.23 <0.001 0.05 (0.03) 0.39 1.71 0.088
Birth weight 0.00 (0.00) 0.62 5.74 <0.001 �0.00 (0.00) �0.18 �1.06 0.291
SGA �0.37 (0.25) �0.10 �1.47 0.141 �0.01 (0.09) �0.02 �0.16 0.876
LOS �0.01 (0.01) �0.23 �1.31 0.192 0.00 (0.00) 0.20 0.74 0.463
Skin punctures �0.01 (0.01) �0.17 �1.46 0.143 0.00 (0.00) 0.16 0.93 0.354
Maternal depression (T3eT4) 0.15 (0.17) 0.06 0.88 0.380 �0.12 (0.06) �0.19 �1.97 0.049
Mother-infant interaction (T3eT4) �0.01 (0.02) �0.04 �0.51 0.611 0.01 (0.01) 0.09 0.85 0.395

Total effects R square(intercept) ¼ 0.43, R square(slope) ¼ 0.17
Model fit indices c2 ¼ 175.38, df ¼ 38, P < 0.001, CFI ¼ 0.95, NFI ¼ 0.94, RMSEA ¼ 0.10, AIC ¼ 337.38

Note： LOS ¼ length of stay in the NICU. SGA ¼ small for gestational age infant. T3 ¼ 2 months of corrected postnatal age. T4 ¼ 3 months of corrected postnatal age.
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In this study, each preterm infant experienced 20 skin punctures
as painful operations during the mean 14.2-day NICU stay, which
translates to 1.4 skin punctures per day. Compared with the fre-
quencies, 5 [30] and 10 [31] painful operations, for each infant per
day in previous studies, we found that the average frequency of
painful operations in this cohort was lower due to the lack of re-
cords of repeated punctures. We found that infants with a shorter
LOS were likely to perform better in the weight status at 40 weeks
corrected age. In addition, the results showed that frequent skin
punctures were a risk factor that influenced the weight status at 40
weeks corrected age for preterm infants becauseworse growth was
observed in infants with more skin punctures during the NICU stay.
These findings can be explained from two perspectives. Firstly,
those preterm infants with a longer LOS or experiencing more skin
punctures might have a greater demand for and consumption of
nutrition to recover from their serious diseases and unstable
physiological conditions, which might lead to worse nutritional
growth. The second perspective is supported by a behavioral epi-
genetics model, wherein early-life cumulative exposure to stress
resulted in epigenetic modifications of glucocorticoid-related genes
and changes in cortisol reactivity that might disrupt the neuro-
behaviors that are critical for the achievement of oral feeding skills
[32].

During follow-up investigations, potential factors, including
maternal postpartum depression and mother-infant interaction,
were mainly evaluated. As suggested by the results, a risk of slower
growth rates inweight, head circumference, or lengthwas noted for
preterm infants whose mothers had depressive symptoms, and the
incidence of maternal postpartum depression in this study was
high. To the best of our knowledge, few studies have revealed the
impact of maternal postnatal depression on the dynamic change of
early growth among preterm infants, as most studies only evalu-
ated the effect of maternal postnatal depression on the growth
status at specific time points. These findings were most likely
attributable to two main factors. Firstly, it was suggested that
mothers with postpartum depression have lower serum prolactin
levels [33], which may result in reduced lactation and supply for
breastfeeding. Secondly, mothers with postpartum depression are
more likely to develop worse infant-feeding behaviors and out-
comes due to their lower sensitivity. A recent study [34] supported
the negative impact of maternal postpartum depression on
responsive feeding, which involves identifying and responding to
infant cues of hunger or satiety. Moreover, numerous studies have
demonstrated that mothers with depression might have shorter
breastfeeding duration for their lack of confidence and self-efficacy
[35,36]. Another important follow-up factor is the mother-infant
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interaction. As expected, preterm infants with lower-quality of
mother-infant interactions showed slower weight gain, which is
similar to the finding in normal infants [37]. Thoughwe did not find
clear evidence for this relationship, it can be partly explained by the
shortened duration of breastfeeding that was related to worse
mother-infant interaction [38]. As mentioned earlier, the physical
growth of preterm infants might be associated with successful
feeding due to effective mother-infant interactions in the feeding
context. A randomized controlled trial [39] revealed that the spe-
cific intervention conducted during a feeding interaction signifi-
cantly improved maternal sensitivity, which was thought to lead to
better infant outcomes. In this study, the 10-item MABIS still lacks
in interaction details, and the discussion on the mechanism re-
quires more nuanced microscopic observations to provide a basis
for the further intervention.

A few demographic and medical characteristics contributed to
the physical growth trajectories of preterm infants, and maternal
age, the infant’s sex, gestational age, and birth weight were the
major independent predictors. It is indicated that premature in-
fants with younger mothers were likely to exhibit smaller weight,
length and head circumference changes at 40 weeks corrected age,
which is consistent with the results reported from other studies
[40]. This finding may be attributed to the fact that young mothers
are likely to have difficulties feeding and caring for babies
compared with experienced and well-prepared older mothers.
Another possible explanationwas that the higher fat content in the
breastmilk of older mothers (age �35 years) may be more benefi-
cial to growth [41]. Furthermore, we found that male infants grew
faster in all three aspects of physical growth than female infants in
the 4 months of corrected age duration, which is similar to the
result from another study [41], indicating the extensive impact of
sex from birth to discharge. The difference in preterm infant sex
should be taken into account when developing a future trend of
sex-specific nutritional intervention and guidance [42]. Another
finding was unexpected and suggested that the levels of body
weight, length, and head circumference for preterm infants at 40
weeks corrected age were negatively associated with decreased
gestational age at birth. A multicenter study [4] revealed that a
higher incidence of extrauterine growth restriction was associated
with higher gestational age. This finding might be partly related to
the nutrition-enhancing interventions that are conducted more
frequently as well as body growth monitoring during follow-up for
those preterm infants with a lower gestational age at birth, which
resulted in the poorer growth performance of preterm infants who
were born at a higher gestational age. Therefore, it is necessary to
remain attentive to this group of preterm infants with a nearly full-
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term gestational age. Furthermore, we found that birth weight was
positively associated with the initial level of the growth trajectory,
and this finding was in agreement with the result of a previous
study [43]. The above-mentioned demographic and medical char-
acteristics may facilitate the identification of preterm infants who
are at a high risk of delayed growth.

5. Limitations

As this longitudinal study was conducted prospectively during a
period overlapping the coronavirus disease outbreak, there were
missed visits that cannot be ignored and may have affected the
reliability and stability of the results. Additionally, there are some
limitations in the selection of outcome measures. Firstly, we
employed only three indices, including LOS, skin punctures, and
MV, for the evaluation of infant stress during the NICU stay; this
neglected other invasive operations, such as gastric tube retention,
which can increase the infant exposure stressors. Secondly, the
detailed data on skin punctures in our study were collected from
medical records, where repeated punctures would have been
missed and cannot be taken into account. As the family-centered
units have shown significant influences on feeding practices and
good outcomes in infant recovery and development, we cannot
deny the potential impact of mother-infant interaction during
parental engagement in the NICU. In this study, during follow-ups,
we only focused on mother-infant interaction in the context of the
family due to the restriction of parental visits and engagement
during the coronavirus disease outbreak. Moreover, we did not
consider maternal postpartum depression and mother-infant
interaction as time-varying covariates. Studies of the dynamics of
maternal postpartum depression and mother-infant interaction
over time and their impact on the growth of preterm infants are
needed to explore the underlying mechanisms that deeply influ-
ence this relationship.

6. Conclusion

In summary, according to the WHO growth criteria, the physical
development of preterm infants who were released from the NICU
did not lag behind that of term infants at the corrected age of 4
months. We found that infant stress during the NICU stay, maternal
postpartum depression and mother-infant interaction affected the
physical growth trajectories of preterm infants at 4 months of
corrected age. We stressed the need for less stressful care in the
NICU to prevent harm to the nutritional status and growth of
preterm neonates. In addition, it is essential to add the screening of
maternal postpartum depression and guidance for parental skills
related to mother-infant interaction to safeguard the physical
growth of preterm infants.

Funding

This study was funded by a research project from the Shanghai
Municipal Health Commission (No. 201940056 & No. 202040024),
Clinical Research Plan of Shanghai Hospital Development Center
(No. SHDC2020CR4098), Nursing Development Program from
Shanghai Jiao Tong University School of Medicine, and Pilot
Educational Project for Application-Oriented Nursing Baccalaureate
Program (No. HLDC21-06).

CRediT authorship contribution statement

Wenying Gao: Conceptualization, Methodology, Validation,
Formal analysis, Investigation, Data curation, Writing - original
draft, Writing - review & editing. Taomei Zhang:
213
Conceptualization, Methodology, Validation, Formal analysis,
Investigation, Data curation, Writing - review & editing, Supervi-
sion, Project administration. Qihui Wang: Conceptualization,
Methodology, Investigation, Resources, Data curation, Writing -
review & editing. Xiaoli Tang: Conceptualization, Methodology,
Writing - Review & Editing, Supervision, Funding acquisition. Ying
Zhang: Conceptualization, Methodology, Validation, Formal anal-
ysis, Writing - Review & Editing, Supervision, Project administra-
tion, Funding acquisition.

Data availability statement

The datasets generated during and/or analyzed during the cur-
rent study are not publicly available due to the privacy and ethical
restrictions but are available from the corresponding author upon
reasonable request.

Declaration of competing interest

The authors have declared no conflict of interest.

Acknowledgments

Wewould like to thank the paediatricians, nurses and staffs who
completed measurements and recordings of physical growth for
preterm infants. Moreover, wewould like to appreciate the support
of all the mothers who cooperated with the investigation.

Appendices. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijnss.2023.03.016.

References

[1] Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national
causes of under-5 mortality in 2000-15: an updated systematic analysis with
implications for the Sustainable Development Goals. Lancet 2016;388(10063):
3027e35. https://doi.org/10.1016/s0140-6736(16)31593-8.

[2] Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D,
et al. Global, regional, and national estimates of levels of preterm birth in
2014: a systematic review and modelling analysis. Lancet Global Health
2019;7(1):e37e46. https://doi.org/10.1016/s2214-109x(18)30451-0.

[3] Zhang J, Sun K, Zhang Y. The rising preterm birth rate in China: a cause for
concern. Lancet Global Health 2021;9(9):e1179e80. https://doi.org/10.1016/
s2214-109x(21)00337-5.

[4] Shan HM, Cai W, Cao Y, Fang BH, Feng Y. Extrauterine growth retardation in
premature infants in Shanghai: a multicenter retrospective review. Eur J
Pediatr 2009;168(9):1055e9. https://doi.org/10.1007/s00431-008-0885-9.

[5] Zhang T, Zhao L, Ding W, Ma J, Zhang Y. The influence of perinatal and
maternal factors on physical growth at 12 months in prematurely born infants
treated in the neonatal intensive care unit: a retrospective chart review and a
prospective cohort study. Int J Nurs Stud 2020;109:103656. https://doi.org/
10.1016/j.ijnurstu.2020.103656.

[6] Cho H, Kim EK, Song IG, Heo JS, Shin SH, Kim HS. Head growth during neonatal
intensive care unit stay is related to the neurodevelopmental outcomes of
preterm small for gestational age infants. Pediatr Neonatol 2021;62(6):
606e11. https://doi.org/10.1016/j.pedneo.2021.05.023.

[7] Han J, Jiang Y, Huang J, Zhang Y, Zhang Y, Zhang Y, et al. Postnatal growth of
preterm infants during the first two years of life: catch-up growth accom-
panied by risk of overweight. Ital J Pediatr 2021;47(1):66. https://doi.org/
10.1186/s13052-021-01019-2.

[8] Ramel SE, Demerath EW, Gray HL, Younge N, Boys C, Georgieff MK. The
relationship of poor linear growth velocity with neonatal illness and two-year
neurodevelopment in preterm infants. Neonatology 2012;102(1):19e24.
https://doi.org/10.1159/000336127.

[9] Belfort MB, Rifas-Shiman SL, Sullivan T, Collins CT, McPhee AJ, Ryan P, et al.
Infant growth before and after term: effects on neurodevelopment in preterm
infants. Pediatrics 2011;128(4):e899e906. https://doi.org/10.1542/peds.2011-
0282.

[10] Belfort MB, Gillman MW, Buka SL, Casey PH, McCormick MC. Preterm infant
linear growth and adiposity gain: trade-offs for later weight status and in-
telligence quotient. J Pediatr 2013;163(6):1564e9. https://doi.org/10.1016/
j.jpeds.2013.06.032.

https://doi.org/10.1016/j.ijnss.2023.03.016
https://doi.org/10.1016/s0140-6736(16)31593-8
https://doi.org/10.1016/s2214-109x(18)30451-0
https://doi.org/10.1016/s2214-109x(21)00337-5
https://doi.org/10.1016/s2214-109x(21)00337-5
https://doi.org/10.1007/s00431-008-0885-9
https://doi.org/10.1016/j.ijnurstu.2020.103656
https://doi.org/10.1016/j.ijnurstu.2020.103656
https://doi.org/10.1016/j.pedneo.2021.05.023
https://doi.org/10.1186/s13052-021-01019-2
https://doi.org/10.1186/s13052-021-01019-2
https://doi.org/10.1159/000336127
https://doi.org/10.1542/peds.2011-0282
https://doi.org/10.1542/peds.2011-0282
https://doi.org/10.1016/j.jpeds.2013.06.032
https://doi.org/10.1016/j.jpeds.2013.06.032


W. Gao, T. Zhang, Q. Wang et al. International Journal of Nursing Sciences 10 (2023) 206e214
[11] Raghuram K, Yang J, Church PT, Cieslak Z, Synnes A, Mukerji A, et al. Head
growth trajectory and neurodevelopmental outcomes in preterm neonates.
Pediatrics 2017;140(1):e20170216. https://doi.org/10.1542/peds.2017-0216.

[12] Maroney DI. Recognizing the potential effect of stress and trauma on pre-
mature infants in the NICU: how are outcomes affected? J Perinatol
2003;23(8):679e83. https://doi.org/10.1038/sj.jp.7211010.

[13] Fitzgerald M. The development of nociceptive circuits. Nat Rev Neurosci
2005;6(7):507e20. https://doi.org/10.1038/nrn1701.

[14] Surkan PJ, Kennedy CE, Hurley KM, Black MM. Maternal depression and early
childhood growth in developing countries: systematic review and meta-
analysis. Bull World Health Organ 2011;89(8):608e15. https://doi.org/
10.2471/blt.11.088187.

[15] Vigod SN, Villegas L, Dennis CL, Ross LE. Prevalence and risk factors for
postpartum depression among women with preterm and low-birth-weight
infants: a systematic review. Bjog 2010;117(5):540e50. https://doi.org/
10.1111/j.1471-0528.2009.02493.x.

[16] Leahy-Warren P, Coleman C, Bradley R, Mulcahy H. The experiences of
mothers with preterm infants within the first-year post discharge from NICU:
social support, attachment and level of depressive symptoms. BMC Pregnancy
Childbirth 2020;20(1):260. https://doi.org/10.1186/s12884-020-02956-2.

[17] Centers for Disease Control & Prevention (CDC). Prevalence of self-reported
postpartum depressive symptoms-17 states, 2004-2005. MMWR Morb Mor-
tal Wkly Rep 2008;57(14):361e6. https://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5714a1.htm.

[18] Petit AC, Eutrope J, Thierry A, Bednarek N, Aupetit L, Saad S, et al. Mother's
emotional and posttraumatic reactions after a preterm birth: the mother-
infant interaction is at stake 12 months after birth. PLoS One 2016;11(3):
e0151091. https://doi.org/10.1371/journal.pone.0151091.

[19] Binda V, Figueroa-Leigh F, Olhaberry M. Antenatal and postnatal depressive
symptoms: association with quality of mother-infant interaction. Infant Behav
Dev 2019;57:101386. https://doi.org/10.1016/j.infbeh.2019.101386.

[20] Harel-Gadassi A, Friedlander E, Yaari M, Bar-Oz B, Eventov-Friedman S,
Mankuta D, et al. Do developmental and temperamental characteristics
mediate the association between preterm birth and the quality of mother-
child interaction? Infant Behav Dev 2020;58:101421. https://doi.org/
10.1016/j.infbeh.2020.101421.

[21] Lau C. Breastfeeding challenges and the preterm mother-Infant dyad: a con-
ceptual model. Breastfeed Med 2018;13(1):8e17. https://doi.org/10.1089/
bfm.2016.0206.

[22] Tomlinson M, Landman M. ’ It's not just about food’: mother-infant interaction
and the wider context of nutrition. Matern Child Nutr 2007;3(4):292e302.
https://doi.org/10.1111/j.1740-8709.2007.00113.x.

[23] Høivik MS, Burkeland NA, Linaker OM, Berg-Nielsen TS. The Mother and Baby
Interaction Scale: a valid broadband instrument for efficient screening of
postpartum interaction? A preliminary validation in a Norwegian community
sample. Scand J Caring Sci 2013;27(3):733e9. https://doi.org/10.1111/j.1471-
6712.2012.01060.x.

[24] Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression. Develop-
ment of the 10-item Edinburgh postnatal depression scale. Br J Psychiatry
1987;150:782e6. https://doi.org/10.1192/bjp.150.6.782.

[25] Lee DT, Yip SK, Chiu HF, Leung TY, Chan KP, Chau IO, et al. Detecting postnatal
depression in Chinese women. Validation of the Chinese version of the
Edinburgh postnatal depression scale. Br J Psychiatry 1998;172:433e7.
https://doi.org/10.1192/bjp.172.5.433.

[26] O'Connor E, Rossom RC, Henninger M, Groom HC, Burda BU. Primary care
screening for and treatment of depression in pregnant and postpartum
women: evidence report and systematic review for the US preventive services
task force. JAMA 2016;315(4):388e406. https://doi.org/10.1001/
214
jama.2015.18948.
[27] Hackney M, Braithwaite S, Radcliff G. Postnatal depression: the development

of a self-report scale. Health Visit 1996;69:103e4.
[28] Zhang L, Lin JG, Liang S, Sun J, Gao NN, Wu Q, et al. Comparison of postnatal

growth charts of singleton preterm and term infants using world health or-
ganization standards at 40-160 weeks postmenstrual age: a Chinese single-
center retrospective cohort study. Front Pediatr 2021;9:595882. https://
doi.org/10.3389/fped.2021.595882.

[29] Kang L, Wang H, He C, Wang K, Miao L, Li Q, et al. Postnatal growth in preterm
infants during the first year of life: a population-based cohort study in China.
PLoS One 2019;14(4):e0213762. https://doi.org/10.1371/
journal.pone.0213762.

[30] Wang Yajing LY, Sun Jing, Shuju Feng, Lian Dongmei, Haixin Bo, Li Zhenghong.
Study of neonatal procedural pain in NICU. J Nurs Sci 2019;34(11):4. https://
doi.org/10.3870/j.issn.1001-4152.2019.11.020.

[31] Carbajal R, Rousset A, Danan C, Coquery S, Nolent P, Ducrocq S, et al. Epide-
miology and treatment of painful procedures in neonates in intensive care
units. JAMA 2008;300(1):60e70. https://doi.org/10.1001/jama.300.1.60.

[32] Griffith T, White-Traut R, Janusek LW. A behavioral epigenetics model to
predict oral feeding skills in preterm infants. Adv Neonatal Care 2020;20(5):
392e400. https://doi.org/10.1097/anc.0000000000000720.

[33] Groer MW, Morgan K. Immune, health and endocrine characteristics of
depressed postpartum mothers. Psychoneuroendocrinology 2007;32(2):
133e9. https://doi.org/10.1016/j.psyneuen.2006.11.007.

[34] Chen TL, Chen YY, Lin CL, Peng FS, Chien LY. Responsive feeding, infant
growth, and postpartum depressive symptoms during 3 months postpartum.
Nutrients 2020;12(6). https://doi.org/10.3390/nu12061766.

[35] Dias CC, Figueiredo B. Breastfeeding and depression: a systematic review of
the literature. J Affect Disord 2015;171:142e54. https://doi.org/10.1016/
j.jad.2014.09.022.

[36] Butler MS, Young SL, Tuthill EL. Perinatal depressive symptoms and breast-
feeding behaviors: a systematic literature review and biosocial research
agenda. J Affect Disord 2021;283:441e71. https://doi.org/10.1016/
j.jad.2020.11.080.

[37] Choi KW, Denckla CA, Hoffman N, Budree S, Goddard L, Zar HJ, et al. Influence
of maternal childhood trauma on perinatal depression, observed mother-
infant interactions, and child growth. Matern Child Health J 2022;26(8):
1649e56. https://doi.org/10.1007/s10995-022-03417-2.

[38] Brandt KA, Andrews CM, Kvale J. Mother-infant interaction and breastfeeding
outcome 6 weeks after birth. J Obstet Gynecol Neonatal Nurs 1998;27(2):
169e74. https://doi.org/10.1111/j.1552-6909.1998.tb02607.x.

[39] Tomlinson M, Rabie S, Skeen S, Hunt X, Murray L, Cooper PJ. Improving
mother-infant interaction during infant feeding: a randomised controlled trial
in a low-income community in South Africa. Infant Ment Health J 2020;41(6):
850e8. https://doi.org/10.1002/imhj.21881.

[40] Yu SH, Mason J, Crum J, Cappa C, Hotchkiss DR. Differential effects of young
maternal age on child growth. Glob Health Action 2016;9:31171. https://
doi.org/10.3402/gha.v9.31171.

[41] Hausman Kedem M, Mandel D, Domani KA, Mimouni FB, Shay V, Marom R,
et al. The effect of advanced maternal age upon human milk fat content.
Breastfeed Med 2013;8(1):116e9. https://doi.org/10.1089/bfm.2012.0035.

[42] Tottman AC, Oliver CJ, Alsweiler JM, Cormack BE. Do preterm girls need
different nutrition to preterm boys? Sex-specific nutrition for the preterm
infant. Pediatr Res 2021;89(2):313e7. https://doi.org/10.1038/s41390-020-
01252-1.

[43] Clark RH, Thomas P, Peabody J. Extrauterine growth restriction remains a
serious problem in prematurely born neonates. Pediatrics 2003;111(5):
986e90. https://doi.org/10.1542/peds.111.5.986.

https://doi.org/10.1542/peds.2017-0216
https://doi.org/10.1038/sj.jp.7211010
https://doi.org/10.1038/nrn1701
https://doi.org/10.2471/blt.11.088187
https://doi.org/10.2471/blt.11.088187
https://doi.org/10.1111/j.1471-0528.2009.02493.x
https://doi.org/10.1111/j.1471-0528.2009.02493.x
https://doi.org/10.1186/s12884-020-02956-2
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5714a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5714a1.htm
https://doi.org/10.1371/journal.pone.0151091
https://doi.org/10.1016/j.infbeh.2019.101386
https://doi.org/10.1016/j.infbeh.2020.101421
https://doi.org/10.1016/j.infbeh.2020.101421
https://doi.org/10.1089/bfm.2016.0206
https://doi.org/10.1089/bfm.2016.0206
https://doi.org/10.1111/j.1740-8709.2007.00113.x
https://doi.org/10.1111/j.1471-6712.2012.01060.x
https://doi.org/10.1111/j.1471-6712.2012.01060.x
https://doi.org/10.1192/bjp.150.6.782
https://doi.org/10.1192/bjp.172.5.433
https://doi.org/10.1001/jama.2015.18948
https://doi.org/10.1001/jama.2015.18948
http://refhub.elsevier.com/S2352-0132(23)00038-8/sref27
http://refhub.elsevier.com/S2352-0132(23)00038-8/sref27
http://refhub.elsevier.com/S2352-0132(23)00038-8/sref27
https://doi.org/10.3389/fped.2021.595882
https://doi.org/10.3389/fped.2021.595882
https://doi.org/10.1371/journal.pone.0213762
https://doi.org/10.1371/journal.pone.0213762
https://doi.org/10.3870/j.issn.1001-4152.2019.11.020
https://doi.org/10.3870/j.issn.1001-4152.2019.11.020
https://doi.org/10.1001/jama.300.1.60
https://doi.org/10.1097/anc.0000000000000720
https://doi.org/10.1016/j.psyneuen.2006.11.007
https://doi.org/10.3390/nu12061766
https://doi.org/10.1016/j.jad.2014.09.022
https://doi.org/10.1016/j.jad.2014.09.022
https://doi.org/10.1016/j.jad.2020.11.080
https://doi.org/10.1016/j.jad.2020.11.080
https://doi.org/10.1007/s10995-022-03417-2
https://doi.org/10.1111/j.1552-6909.1998.tb02607.x
https://doi.org/10.1002/imhj.21881
https://doi.org/10.3402/gha.v9.31171
https://doi.org/10.3402/gha.v9.31171
https://doi.org/10.1089/bfm.2012.0035
https://doi.org/10.1038/s41390-020-01252-1
https://doi.org/10.1038/s41390-020-01252-1
https://doi.org/10.1542/peds.111.5.986

	The trajectories of physical growth in 4 months postnatal corrected age among preterm infants discharged from neonatal inte ...
	What is known?
	What is new?
	1. Introduction
	2. Methods
	2.1. Study design and participants
	2.2. Data collection
	2.3. Measures
	2.3.1. Demographic and medical characteristics
	2.3.2. Physical growth
	2.3.3. Infant stress during the NICU stay
	2.3.4. Maternal postpartum depression
	2.3.5. Mother-infant interaction

	2.4. Data analysis
	2.5. Ethical consideration

	3. Results
	3.1. Descriptive analysis of mother-infant dyads
	3.2. Unconditional LGMs for trajectories of physical growth
	3.3. Conditional LGMs for trajectories of physical growth

	4. Discussion
	5. Limitations
	6. Conclusion
	Funding
	CRediT authorship contribution statement
	Data availability statement
	Declaration of competing interest
	Acknowledgments
	Appendices. Supplementary data
	References


