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Abstract
Objective Identify antenatal and neonatal factors associated with primary outcome of EUGR.
Methods 1063 preterm infants from a subset of the BBC were included in this prospective cohort study. Regression analysis
was carried out to evaluate associations of EUGR with antenatal factors and neonatal factors.
Results 6.1% of the infants had in-utero growth restriction (IUGR) at birth and 21.7% of infants had EUGR. The adjusted
odds ratio for EUGR status were significant for birth weight (OR 0.99, p= 0.00, CI 0.99–0.99), for GA at birth (OR 4.58,
p= 0.00, CI 3.25–6.44), for PDA (OR 2.9, p= 0.02, CI 1.17–7.1), for NEC (OR 5.14, p= 0.012, CI 1.44–18.3) and for day
of life of reaching full feeds (OR 1.04, p= 0.001, CI 1.01–1.06).
Conclusion This study highlights important factors associated with EUGR. Additional studies are needed to gain further
insight.

Introduction

Preterm infants are commonly diagnosed as having “extra
uterine growth restriction” (EUGR) or “postnatal growth
failure” (PGF) when weight at discharge or around
36–40 weeks postmenstrual age is below the 10th percentile
(z-score ≤1.28) [1, 2]. Numerous studies show that very very
low birth weight (<1000 g) and extremely low birth weight
(ELBW) (<750 g) infants often remain physically smaller than
term-born peers during infancy and well into childhood [3].

Data from the National Institute of Child and Human
Development (NICHD) Neonatal Research Network indicate

that 16% of ELBW infants are small for gestational age
(SGA) at birth, but by 36 weeks corrected age ~89% have
growth failure depicting high rates of poor postnatal growth
during neonatal intensive care (NICU) exposures [4]. EUGR
is a medical problem with long term health consequences into
later childhood and adulthood [5, 6]. Several studies have
shown the association between poor postnatal growth and an
increased morbidity and mortality both in the neonatal period
and in later life [7–9]. EUGR also influences neurodevelop-
mental outcomes of ELBW [10], and may have significant
effects on cardio-metabolic health (insulin resistance, diabetes
mellitus, hypertension) in later childhood and even adulthood
[11–13]. As such, understanding and optimizing preterm
infant’s growth during NICU stay remains an important topic,
with short- and long-term health implications for the infant.

At present some data are available on what antenatal or
neonatal factors affect extra uterine growth during NICU
but there are very few studies that have assessed both
antenatal and neonatal factors and their impact on EUGR in
NICU. Factors that have been identified for IUGR include
maternal factors, such as pregnancy-induced hypertension,
infection, and substance use such as smoking [14]; fetal
factors, such as chromosomal abnormality or genetic factors
and placental factors, such as gross structural abnormality or
single umbilical artery [15, 16].

Factors reportedly associated with EUGR have included
male gender, need for assisted ventilation prolonged need

* Kartikeya Makker
kmakker1@jhmi.edu

1 Division of Neonatology Department of Pediatrics, Johns Hopkins
School of Medicine, Baltimore, MD, USA

2 Center on the Early Life Origins of Disease, Department of
Population Family and Reproductive Health, Johns Hopkins
Bloomberg School of Public Health, Baltimore, MD, USA

3 Division of General Pediatrics, Department of Pediatrics, Johns
Hopkins School of Medicine, Baltimore, MD, USA

Supplementary information The online version contains
supplementary material available at https://doi.org/10.1038/s41372-
021-00948-4.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-021-00948-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-021-00948-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41372-021-00948-4&domain=pdf
http://orcid.org/0000-0001-8854-1431
http://orcid.org/0000-0001-8854-1431
http://orcid.org/0000-0001-8854-1431
http://orcid.org/0000-0001-8854-1431
http://orcid.org/0000-0001-8854-1431
mailto:kmakker1@jhmi.edu
https://doi.org/10.1038/s41372-021-00948-4
https://doi.org/10.1038/s41372-021-00948-4


for respiratory support, length of hospital stay, and the
development of neonatal morbidities [17–19]. Feeding and
nutrition practices are suspected to contribute to growth
failure in the NICU and current standardization of NICU
feeding practices has led to some reduction in growth failure
rates [20–22]. However, it still underscores the need to
identify other factors responsible for EUGR in preterm
infants during NICU stay. Many complications experienced
by the preterm infants in the NICU like late onset sepsis and
necrotizing enterocolitis (NEC) [20] have been implicated
in leading to EUGR but possibly some antenatal factors
may also have a role to play not only in IUGR but also
EUGR. Another factor that has not been adequately
explored is placental pathology. Placental pathology find-
ings are known to impact in utero growth but have not been
extensively studied as a factor for preterm infants, specifi-
cally during the NICU stay [23–25]. In summary, there is a
significant knowledge gap related to important contributors
to EUGR during NICU stay. An investigation into role of
factors on EUGR in NICU would be of significance in
management of this fragile population and its significance is
well beyond neonatal period, given the strong evidence of
early growth failure and chronic diseases later in life [26]. In
this study, we sought to describe the dynamic growth pat-
terns of the preterm birth from in-utero to NICU discharge.
Additionally, we intended to explore the antenatal and
neonatal factors that increase the risk of NICU growth
failure assessed at NICU discharge. We aim to analyze the
effects of both antenatal and neonatal factors on EUGR in a
prospective cohort study sample to best tease out the factors
that would independently associated with EUGR.

Materials and methods

The study protocol was approved by the institutional review
boards of Boston University Medical Center and the Johns
Hopkins Bloomberg School of Public Health. Written
informed consent was obtained from the mothers. The study
sample for this report included 1063 mother–infant pairs
enrolled within 2–3 days after birth, who were a subset of
the Boston Birth Cohort (BBC), a predominately African
American, urban, low-income minority population initiated
in 1998 under rolling enrollment at Boston Medical Center
[14]. The participating children for the analysis were born
between 1998 and 2010 who received care in the NICU.
The exclusion criteria for initial enrollment included
multiple-gestation pregnancies (e.g., twins and triplets) and
newborns with major birth defects.

The primary outcome (dependent variable) is growth
pattern assessed at birth and at NICU discharge. We ana-
lyzed neonatal growth patterns at two time points: at
admission to NICU (right after birth) and at NICU

discharge. By studying growth pattern at two time points,
we were also able to evaluate the dynamics of neonatal
growth patterns over the NICU stay, and factors contributes
to the NICU growth trajectory. Growth pattern at birth is
based on birthweight for gestational age that is categorized
into three groups: SGA (<10th percentile), large for gesta-
tional age (LGA) (>90th percentile), and appropriate for
gestational age (AGA) (10th–90th percentile) according to
an established local sex and race-specific reference popu-
lation [27]. Growth pattern at NICU discharge is based
on infant weight for corrected gestational age (SGA,
AGA, LGA) per Fenton classification [28]. Antenatal ster-
oid intake was collected as none vs at least 1 dose vs.
≥2 doses [29].

Maternal covariables were defined based on a standard
maternal questionnaire interview. Race/ethnicity was based
on maternal response to fixed categories in the questionnaire
and classified as black and non-black. Maternal smoking
during pregnancy was classified into two groups: never
smoker (did not smoke cigarettes throughout index preg-
nancy) and ever smoker. Mode of delivery was categorized
into cesarean or vaginal delivery. Gestational age was
assessed based on both the first day of the last menstrual
period and using early antenatal ultrasonography results, as
described previously [14]. Preterm birth is defined as
gestational age ≤37 weeks [30]. Maternal education was
characterized as below high school (HS), up to HS, and
above HS.

Placental pathology as a variable was assessed pro-
spectively with each enrollment into the BBC. The details
have been previously described [31]. Pathological placental
lesions were diagnosed based on commonly used, recom-
mended criteria according to the classification proposed by
Redline [32–34]. Broadly, the categories were: CA (chor-
ioamnionitis); maternal vascular malperfusion (MVM);
marginal (venous) abruption; umbilical cord obstruction;
fetal vascular malperfusion; villous stromal-vascular
abnormalities; and a miscellaneous group. For the purpose
of this report our reference group was the one with no
placental pathological findings (no MVM and no inflam-
mation) and we only focused on MVM and CA as our major
placental pathology findings.

Student t-test was used to compare continuous variables,
and Pearson’s Chi-square test was used for categorical vari-
ables. Those associations with P values (2-sided tests) less
than 0.05 were regarded as statistically significant. Regression
analysis was performed by selecting both antenatal and neo-
natal variables (independent variables) to analyze the effect on
the dependent variable which was defined as SGA status at
NICU discharge. Multiple stepwise regression analysis (entry
criteria: if the p value of the F test was <0.05; removal
criteria: if the p value of the F test was >0.10) was also
performed to assess the association of covariables chosen. We
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included some variables which had reached statistical sig-
nificance and some variables were chosen based on clinical
relevance and literature. All statistical analyses were per-
formed using STATA version 15.2 [35].

Results

1063 maternal–infant dyads were analyzed for this project.
We only included infants who were preterm (≤37 weeks at
birth) and who were admitted to NICU. There were 14
neonatal deaths. Cohort mean for gestational age of the
infants were 31.9 (±weeks; 60.1% were black children;
51.5% were males, and mean (+SD) for NICU stay was
36.7 (±32.4) days.

At birth 6.6% infants were SGA (Table 1) but by the time
of NICU discharge, 21.7% were below 10th percentile for
weight. Table 1 also depicts the incidence of EUGR when
analyzed by gestational age subgroups.

To assess dynamic growth of the infants; growth status
was re-evaluated at NICU discharge. 88.6% of infants who
were born SGA continued to be SGA at NICU discharge,
17.8% of infants born AGA became SGA and 2% of infants
born LGA became SGA at NICU discharge (Table 2).

The relevant baseline demographic characteristics of the
cohort are depicted in Supplementary Table 1. Infants born

SGA were born to mothers who were older, nulliparous, and
smokers. The risk of birth SGA was lower if mothers had
received antenatal steroids (any dose). Placental analysis
revealed MVM only was higher and inflammation only was
lower in infants born SGA. The relevant clinical character-
istics of the cohort based on their birth growth status are
depicted in Supplementary Table 2. Clinical characteristics
and outcomes for the two groups based on their growth
status were statistically different for discharge weight, pre-
sence of PDA, sepsis and use of breast milk (BM).

Table 3 depicts the effect of antenatal factors on eventual
growth status outcome at NICU discharge (discharge AGA
and discharge SGA/EUGR). Birth weight, APGAR scores
at 1 and 5 min, maternal education and nulliparity, intrau-
terine drug exposure and past smoking history correlated
with EUGR. Infants with EUGR at NICU discharge had
higher MVM only lesions and lower inflammation only as
their placental findings.

Table 4 depicts the impact of important clinical covari-
ables of preterm infants in the cohort on their discharge
growth status. Infants who had EUGR at NICU discharge
had significantly higher incidence of NICU morbidities like
use of surfactant, days on ventilator, use of postnatal ster-
oids, chronic lung disease (CLD), retinopathy of pre-
maturity (ROP), and sepsis during their NICU course
amongst some other covariables listed in the table. EUGR
infants also had longer length of stay in NICU. Delay in
DOL of first feed and DOL of achievement of full feeds was
also associated with eventual EUGR at NICU discharge.

Regression analysis was carried out by adjusting for both
antenatal (placenta findings, intra uterine drug exposure,
and use of antenatal steroids) and neonatal (birth weight,
gestational age, postnatal steroids, CLD, PDA, sepsis, IVH,
NEC, day of first feed and day of full feeds) independent
variables. After adjusting, the odds for EUGR status at
NICU discharge was only statistically significantly asso-
ciated with birth weight (OR 0.99, p= 0.00, CI 0.99–0.99),
GA at birth (OR 4.58, p= 0.00, CI 3.25–6.44), PDA

Table 1 Growth status at birth and at NICU discharge.

Admit Discharge

SGA AGA LGA SGA AGA LGA

Fenton growth status for BBC (n= 1063) 70 (6.6%) 943 (88.7%) 50 (4.7%) 231 (21.7%) 805 (75.7%) 27 (2.6%)

Fenton growth status for BBC Group 1 (n= 167) 8 (4.8%) 151 (90.4%) 8 (4.8%) 41 (24.6%) 125 (74.9%) 1 (0.6%)

Fenton growth status for BBC Group 2 (n= 270) 10 (3.7%) 246 (91.1 %) 14 (5.2%) 57 (21.1%) 206 (76.2%) 7 (2.6%)

Fenton growth status for BBC Group 3 (n= 626) 52 (8.3%) 546 (87.2%) 28 (4.5%) 133 (21.2%) 474 (75.7%) 19 (3.1%)

Data presented as counts (percentage), BBC (Boston Birth Cohort).

Included only infants with NICU admission and GA < 37 weeks.

Group 1: 23 to ≤28 weeks GA.

Group 2: 28 to ≤32 weeks GA.

Group 3: 32 to ≤37 weeks GA.

Table 2 Dynamics of growth pattern from birth to NICU discharge.

Growth status at birth:
N (% of total cohort)

Growth status at NICU discharge:
N (% of birth status)

SGA AGA LGA

SGA 70 (6.6%) 62 (88.6%) 7 (10.0%) 1 (1.4%)

AGA 943 (88.7%) 168 (17.8 %) 770 (81.7%) 5 (0.5%)

LGA 50 (4.7%) 1 (2%) 28 (56%) 21 (42%)

Data presented as counts (percentage).

BBC Boston Birth Cohort.
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Table 3 Antenatal factors associated with SGA status at NICU
discharge, BBC.

Discharge SGA
(n= 231)

Discharge AGA
(n= 805)

P value

Birth weight (g)a 1451.87 (527.63) 1795.04 (633.13) <0.01

Birth head
circumference (cm)a

28.09 (3.44) 29.12 (3.17) <0.01

Birth length (cm)a 40.15 (4.85) 42.03 (4.77) <0.01

Gestational age (GA)
in weeksa

32.03 (3.58) 31.90 (3.17) 0.58

Genderb 0.28

Male 112 (48.48%) 420 (52.50%)

Female 119 (51.52%) 380 (47.50%)

1 min APGARa 5.64 (2.58) 6.14 (2.36) 0.03

5 min APGARa 7.3 (1.98) 7.7 (1.46) 0.01

Maternal raceb 0.45

Black 129 (61.14%) 334 (59.57%)

Non-Black 82 (38.86%) 222 (39.71%)

Maternal ageb 0.66

20–35 (ref) 143 (67.77%) 381 (68.48%)

<20 20 (9.48%) 53 (9.67%)

>35 48 (22.75%) 121 (21.85%)

Maternal educationb <0.01

Above high
school (HS)

74 (32.03%) 185 (22.98%)

Below HS 64 (27.71%) 170 (21.12%)

HS 73 (31.60%) 200 (24.84%)

Unknown 20 (8.66%) 250 (31.06%)

Maternal parityb <0.01

Nulliparous 104 (45.02%) 228 (28.32%)

Multiparous 107 (46.32%) 327 (40.62%)

Unknown 20 (8.66%) 250 (31.06%)

Intrauterine drug
exposureb

30 (12.99%) 39 (4.84%) <0.01

Ever smokedb 66 (28.57%) 149 (18.51%) 0.001

Placenta
informationb

<0.01

No inflammation
and no MVM (ref.)

73 (31.6%) 347 (43.11%)

Inflammation only 27 (11.69%) 193 (23.98%)

MVM only 112 (48.48%) 210 (26.09%)

Both Inflammation
and MVM

19 (8.23%) 55 (6.83%)

Antenatal steroid
(any)b

135 (21.46%) 494 (78.54%) 0.64

Doses of antenatal
steroidb

<0.01

0 dose 115 (49.78%) 531 (65.96%)

1 dose 25 (10.82%) 66 (8.20%)

≥2 dose 91 (39.39%) 208 (25.84%)

Data presented as counts (percentage) or mean (SD).
at-test analysis.
bchi square analysis.

Table 4 Clinical characteristics of infants with ex-uterine growth
failure assessed at NICU discharge in BBC.

Discharge SGA
(n= 231)

Discharge AGA
(n= 805)

P value

Post menstrual age (PMA) at
discharge in weeksa

38.6 (3.30) 36.9 (4.6) <0.01

Discharge weight (g)a 2308.52 (559.17) 2591 (534.51) <0.01

Discharge head circumference
(cm)a

33.04 (2.58) 34.84 (5.02) 0.02

Discharge length (cm)a 45.07 (4.49) 44.49 (5.65) 0.56

Deathsb 7 (3.40%) 7 (1.46%) 0.10

Use of any surfactantb 43 (18.61%) 77 (9.57%) <0.01

Number of surfactant dosesb 0.003

0 189 (81.82%) 729 (90.56%)

1 31 (13.42%) 59 (7.33%)

2 9 (3.90%) 13 (1.61%)

3 2 (0.87%) 4 (0.5)

Ever intubatedb 95 (41.13%) 179 (22.24%) <0.01

Day of life (DOL) of
extubationa

24.8 (3.7) 13.5 (1.6) 0.001

Days on venta 7.2 (1.3) 3.6 (0.6) 0.004

Use of postnatal steroidsb 20 (8.66%) 26 (3.23%) <0.01

Chronic lung diseaseb 34 (14.78 %) 49 (6.13%) <0.01

PDA presenceb 54 (23.7%) 175 (22.01%) 0.57

Ligation for PDAb 12 (5.19%) 15 (1.86%) 0.14

Presence of Any IVHb 45 (19.48%) 76 (9.44%) <0.01

Severe IVH (Grade III/IV)b 7 (3.03%) 9 (1.12%) 0.04

Post hemorrhagic
hydrocephalusb

2 (0.87%) 4 (0.50%) 0.51

Periventricular leukomalaciab 11 (4.76%) 11 (1.37%) 0.006

ROPb 36 (15.58%) 54 (6.71%) <0.01

ROP with plus diseaseb 8 (3.46%) 4 (0.5 %) <0.01

ROP needing laser surgeryb 9 (3.90%) 5 (0.62%) <0.01

NECb 21 (9.09 %) 46 (5.72%) 0.06

Perforationb 5 (2.16%) 1 (0.12) <0.01

Sepsisb 69 (29.87%) 352 (43.73%) <0.01

Episodes of sepsisb <0.01

0 171 (74.03%) 702 (87.20%)

1 29 (12.55 %) 67 (8.32%)

2 23 (9.96 %) 22 (2.73%)

≥3 8 (3.46 %) 14 (1.74 %)

Length of stay (days)a 47.26 (38.69) 35.53 (39.97) <0.01

Candida Infectionb 8 (3.46%) 6 (0.75%) 0.002

Presence of central linesb 63 (27.27%) 109 (13.54%) <0.01

DOL of first feeda 4.45 (11.1) 2.94 (4.76) 0.03

Ever received BMb 103 (44.59%) 194 (24.10%) <0.01

DOL of full feedsa 21.10 (26.17) 13.05 (15.6) <0.01

Kcal/kg/day at DOL 7a 95.41 (18.27) 99.39 (17.90) 0.07

Kcal/kg/day at DOL 14a 110.16 (21.12) 105.31 (23.00) 0.25

Kcal/kg/day at DOL 21a 111.39 (20.31) 108.71 (17.81) 0.43

Kcal/kg/day at DOL 28a 112.46 (22.06) 112.44 (19.5) 0.99

Kcal/kg/day at DOL 35a 118. (22.63) 117.07 (21.36) 0.84

Kcal/kg/day at DOL 42a 115.59 (23.54) 119.98 (19.33) 0.77

Kcal/kg/day at DOL 49a 126.08 (18.92) 119.93 (23.43) 0.27

Kcal/kg/day at DOL 56a 132.15 (15.06) 122 (26.24) 0.12

Kcal/kg/day at 36 weeks
PMAa

118.75 (24.50) 117.25 (19.78) 0.61

Data presented as counts (percentage) or mean (SD).
at-test analysis.
bchi square analysis.
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(OR 2.9, p= 0.02, CI 1.17–7.1), NEC (OR 5.14, p= 0.012,
CI 1.44–18.3) and day of life of reaching full feeds (OR
1.04, p= 0.001, CI 1.01–1.06). On stepwise forward
regression analysis EUGR at NICU discharge was statisti-
cally significant for day of life at full feeds (OR 1.03, p=
0.00, CI 1.02–1.04), placental findings of MVM only (OR
2.86, p= 0.00, CI 1.81–4.5) and placental findings of
inflammation only (OR 0.36, p= 0.00, CI 0.17–0.34). On
stepwise backward regression analysis EUGR at NICU
discharge was statistically significant for day of life at full
feeds (OR 1.04, p= 0.00, CI 1.02–1.06), placental findings
of MVM only (OR 2.93, p= 0.00, CI 1.85–4.64) and pla-
cental findings of inflammation only (OR 0.36, p= 0.003,
CI 0.18–0.71).

Discussion

To our knowledge, this report is among the largest pro-
spectively followed birth cohort study to assess the
antenatal and neonatal factors and their association with
PGF of preterm infants admitted to NICU. While several
studies have reported EUGR in larger samples, they have
been limited in their retrospective nature. Clark et al.
evaluated 23,371 infants discharged from 124 NICUs and
reported that EUGR decreased from 71% for infants born at
23 weeks to 23% for those born at 34 weeks [18]. Rad-
macher et al. reported EUGR rates at discharge to be 59%
[3]. National Institute of Child Health and Human Devel-
opment Neonatal Research Network study on preterm
infants with birth weights of 401–1500 reported that 97% of
these infants had weights less than the 10th percentile at
36 weeks’ postmenstrual age [36]. The reported rates of
SGA at birth and at NICU discharge by the NICHD study
were 16% and 89%, respectively [4]. EUGR in these larger
samples studies have been limited in their lack of detailed
antenatal clinical and placental and NICU information as
presented in our study. Additionally, none of these studies
assessed the racial and socio demographic maternal factors
and their role in growth patterns of preterm infants. Overall
EUGR in our cohort was ~21% by discharge (as opposed to
SGA of 6.6% at birth). Our subgroup analysis revealed that
the preterm infants born between 23 and ≤28 weeks had the
highest rates of EUGR at NICU discharge at 24.6%. EUGR
rates were for infants born between 28–32 weeks and
32–37 weeks were similar at 21.1% and 21.2% respectively.
Infants born at the earliest weeks of viability suffer many
medical comorbidities in the NICU like infections, severe
lung disease, and NEC amongst others. Hence it could be
envisioned that this group would suffer the greatest rates of
EUGR. Even though the trend of decreased EUGR with
increasing GA was similar to other studies the magnitude of
this difference between different GA groups was much

smaller. We speculate that this could be due to a difference
in population characteristics between the published studies
and our report. We speculate that this could also be due to
slightly larger mean gestational age of the infants analyzed
and subsequent less NICU stay and potentially fewer
medical complications of prematurity of these larger infants.

Supplementary Table 2 reveals that the nutrition pro-
vided for SGA infants was comparable to that provided for
AGA infants and so was the day of life full feeds were
reached. This indicates that at least for our cohort the dif-
ference in outcomes could not be attributed to nutritional
practices and nutritional parameters. It will be fair to assume
that nutritional approach to infants born SGA vs. AGA did
not differ at the outset. However, when analyzed based on
the discharge growth status EUGR infants were the ones
who had delay in initiation of first feeds and attainment of
full feeds (Table 4) The rates of most comorbidities like
NEC, BPD, infections suffered by preterm infants were also
similar in both SGA and AGA groups (Supplementary
Table 2). As is evident in Table 4 medical conditions like,
CLD, sepsis amongst others were higher in infants who
eventually had EUGR at NICU discharge. This would make
biological sense as these are conditions that interrupt
nutrition and/or are conditions with increase metabolic
needs and potentially alter postnatal growth and are routi-
nely accepted surrogate markers for severity of illness. Our
data also demonstrated that EUGR was higher in infants
who received postnatal steroids (8.6% vs. 3.2%). This is of
concern since numerous studies now show the profound and
lasting effects that steroids can have on growth of the lungs,
body, and brain [18].

There has been limited data about the relationship
between placental pathology and postnatal growth. Some
previous studies reported an association between placental
pathology and postnatal growth [23–25]. These studies
investigated the placentae of premature babies and found
that placental inflammation was associated with poor neo-
natal weight gain [24]. Wang et al. reported that maternal
and fetal inflammatory changes in placenta were associated
with PGF [24]. Likewise, histological CA was associated
with poor neonatal growth in preterm infants born at less
than 32 weeks gestational age [23] and the investigators
also adjusted for relevant maternal and neonatal variables.
Similarly, Redline has reported five patterns of placental
injury which were more frequent in subjects with IUGR
than in subjects with no IUGR [37]. His study (including
preterm infants) found IUGR placentas with maternal vas-
cular obstruction in 47% of subjects, villitis if unknown
etiology in 26%, peri villous fibrin in 17%, fetal vascular
obstruction in 11%, and chronic abruption in 8%. Our
baseline placental pathology data revealed that MVM only
was higher and inflammation only was lower in infants born
SGA. We speculate that the lack of correlation between
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inflammatory placental findings and birth SGA status and
EUGR on regression analysis could be due to small sample
size. When assessed for the primary outcome variable of
EUGR, inflammation only placental pathology correlated
with lower incidence of EUGR (11.69% in EUGR vs.
23.98% in discharge AGA) and MVM only was correlated
with higher incidence of EUGR (48.48% in EUGR vs.
26.09% in discharge AGA infants). MVM has been com-
monly reported in pregnancies complicated with IUGR
[38]. Many possible pathways have been described to
explain placental malperfusion related fetal growth restric-
tion like smooth muscle oxidative stress, suppression of
protein synthesis, unfolded protein response and increase in
pro inflammatory cytokines amongst others [39]. There
have also been speculations that multiple environment
changes may give rise to placental metaflammation or “cold
smoldering inflammation” (first hit) and this predisposes the
fetus to chronic diseases in life (e.g., BPD) [38, 40].
Whether this effect persists or leads to subsequent long-
lasting changes that may even suppress neonatal growth
even after birth is unknown but we speculate that a similar
metaflammation “2 hit process” (comorbidities of pre-
maturity and NICU environment being the second hit) may
explain EUGR in our cohort infants and preterm infants
overall who have suffered from IUGR.

The major strength of our study is that it is based on a
large predominantly urban minority birth cohort. In this
birth cohort data were collected prospectively, thus over-
coming some drawbacks of retrospective studies, including
recall bias and selection bias. Another strength is that this
study evaluates the whole continuum of factors that could
be associated with the growth failure in preterm infants. We
not only analyzed antenatal biological and social factors
linked to SGA status at birth; we also evaluated exposures
during NICU stay for these preterm infants that could
contribute to EUGR. The inclusion and analysis of maternal
social factors and their impact (smoking, in utero drug
exposure, and education) on eventual growth restriction at
NICU discharge is also an important strength of our study.
Effect of social influences (including smoking) on birth
weight have been well reported [41]. We speculate that
these factors also have an impact on postnatal NICU growth
through multifactorial interplay of biological and environ-
mental factors. Another strength of our study is detailed
nutritional and interval growth data. In future this will allow
us to analyze our cohort data to identify early markers of
postnatal malnutrition and attempt to validate recent preterm
neonatal malnutrition recommendations [42].

Our study has several limitations. The population of
BBC (a high-risk minority population, higher GA, and
larger BW in this cohort) may not be representative of the
larger population comprising younger cohort of NICU
graduates. Secondly, the data were collected over a period

of 12 years and some aspects of medical and technological
advancements in the NICU have occurred over the time
period, which might have affected the outcomes of preterm
infants including lesser mortality. Hence some of our results
may not be applicable to current day clinical management in
NICU. Interestingly though in another large study over a
similar period of 8 years for preterm infants weighing
501–1500 g EUGR was reported in 64.5% and 50.3% of
infants at the beginning and end of study period. Similarly,
severe EUGR (defined as wt. >3rd percentile) was 39.8 and
27.5% for the same study time points. This reflects that even
with medical advances half of these preterm infants suffer
EUGR and a quarter suffer from severe EUGR [43].
Additionally, there has been recent concerns on use of terms
like EUGR and PGF as experts believe that these terms are
not predictive of adverse neurodevelopmental outcomes, are
based only on weight criteria and do not include body
proportionality and are based on arbitrary statistical cutoffs.
Experts believe that undue focus on these terms leads to
increased nutritional supplementation which may be of
harm when provided above the infant’s needs [2]. However,
until these terms are redefined they will continue to be used
objectively as surrogate of growth for preterm infants being
discharged from NICU. Another limitation is that we did
not report growth patterns during early infancy. Neither did
we report long term neurodevelopmental outcomes in pre-
term infants affected by their NICU growth status. Next,
although we did report higher use of postnatal steroids and
BPD in EUGR infants we could not capture duration of
postnatal steroid and duration of diuretic use. Lastly, we had
data collection on total calories intake per kilo per day at
important intervals during NICU stay but we lacked in
detailed nutritional information like protein and fat calories
intake and other details of formula types and fortification.

To conclude, in this sample of urban, low income min-
ority preterm infants, we demonstrated that EUGR remains
a significant problem. Around one-fifth of preterm infants
are still being discharged with birth weight less than 10th
percentile and approximately 20% of infants born AGA end
up being SGA by the time of discharge from NICU.
Developing insights into the role of antenatal and neonatal
factors in relation to EUGR may aid neonatologists for
anticipatory and optimal management of preterm infants
and appropriate counselling of parents of such infants
regarding growth outcomes.
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