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OBJECTIVE: To examine the relationship between etiologically-based preterm birth sub-groups and early postnatal growth
according to gestational age at birth.

METHODS: Prospective, multinational, cohort study involving 15 hospitals that monitored preterm newborns to hospital discharge.
Measures/exposures: maternal demographics; etiologically-based preterm birth sub-groups; very, moderate and late preterm
categories, and feeding. Primary outcomes: serial anthropometric measures expressed as z-scores of the INTERGROWTH-21°"
preterm postnatal growth standards.

RESULTS: We included 2320 singletons and 1180 twins: very=24.4% (n = 856, including 178 < 28 weeks’ gestation);
moderate=16.9% (n = 592) and late preterm=58.6% (n = 2052). The median (interquartile range) postmenstrual age at the last
measure was 37 (36-38) weeks. The ‘no main condition’ sub-group percentage increased from early to late preterm; the ‘perinatal
sepsis’ sub-group percentage decreased. ‘Perinatal sepsis’, ‘suspected IUGR’ and ‘fetal distress’ very and late preterm infants had
lower postnatal growth patterns than the ‘no main condition’ reference sub-group. This pattern persisted in late but not very
preterm infants when postnatal growth was corrected for weight z-score at birth.

CONCLUSION: The proportional contribution of etiologically-based preterm sub-groups and their postnatal growth trajectories
vary by preterm category. Postnatal growth is partially independent of fetal growth in the majority of preterm infants (i.e., those
born late preterm).

Pediatric Research (2025) 98:241-249; https://doi.org/10.1038/s41390-024-03735-x

IMPACT:

® Preterm birth, the leading cause of under-5 mortality, is a highly heterogenous syndrome, with surviving infants at risk of
suboptimal growth, morbidity, and impaired neurodevelopment.

® Both the proportional contribution of etiologically-based sub-groups and their postnatal growth trajectories vary by preterm
category (very/moderate/late).

® The ‘perinatal sepsis’, ‘suspected IUGR’" and ‘fetal distress’ sub-groups amongst very and late preterm infants had lower
postnatal growth than the ‘no main condition’ preterm infants. The pattern persisted after adjusting for birth size only in the
late preterms.

® Postnatal growth is partially independent of fetal growth in the majority of preterm infants (i.e., those born late preterm).
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INTRODUCTION

Preterm birth is the leading cause of under-5 mortality world-
wide.! Approximately 15 million babies are born preterm annually
and nearly 1 million die from complications of prematurity.
Surviving infants are at increased risk of sub-optimal postnatal
growth, short- and long-term morbidity, including impaired
neurodevelopment and cardiometabolic disease in adulthood.>™®

Preventing preterm birth as well as optimizing postnatal
growth, nutrition and development have proven to be a challenge
mostly because preterm birth is a highly heterogenous syn-
drome,”® associated with a range of etiological factors.® Optimiz-
ing postnatal care requires three elements: (a) accurate
phenotypic classification of preterm newborns; (b) implementa-
tion of evidence-based feeding recommendations, and (c)
internationally-derived, standardized measurement of preterm
infant growth until 6 months post-term.'®'?

We have previously described a set of etiologically-based
preterm sub-groups with substantial differences in morbidity and
developmental outcomes in a multinational cohort of 6529
preterm and term singleton pregnancies (INTERBIO-21%" Study)
followed from early gestation to 2 years of age.'® Here, in a new,
large, multinational cohort of preterm neonates, we examine: (1)
how the proportional contribution of each preterm birth sub-
group changes according to gestational age; (2) the differential
patterns of early postnatal growth, controlled for sex, twin
pregnancy, mode of delivery and feeding regimens among these
etiologically-based sub-groups; and (3) whether these different
patterns are similar after controlling for birth measures.

METHODS

The INTERPRACTICE-21%" Study was conducted in hospitals or maternity
institutions that provided full neonatal care located in 15 cities in 14
countries: Buenos Aires, Argentina; Belo Horizonte, Brazil; Paris, France;
Techiman, Ghana; Milan and Turin, Italy; Bangalore, India; Nairobi, Kenya;
Prilep, Macedonia; Mexico City, Mexico; Karachi, Pakistan; Moscow, Russia;
Barcelona, Spain; Izmir, Turkey; and Oxford, UK. Participating hospitals
implemented a standardized package for pregnancy and neonatal
evaluation, including the INTERGROWTH-21%* pregnancy dating,'* newborn
1516 and preterm postnatal growth standards (PPGS),'® and promoted
evidence-based neonatal and infant feeding recommendations.'”

From 5 January 2018 to 30 September 2020, we enrolled and followed a
cohort of live preterm newborns, born between 23%° and 36%° weeks’
gestation, who were monitored from birth to their hospital discharge. All
were born to mothers >18 years of age. Gestational age was estimated by
ultrasound measurement of crown-rump length at <14° weeks’ gestation
or head circumference at <24*° weeks’ gestation using INTERGROWTH-21°*
standards. We oversampled very preterm liveborns (gestational age at
birth <32 weeks) across sites after the target sample for individual
hospitals was reached to obtain a sufficiently large sample to stratify by
sub-group. Neonates were classified by preterm category as: very preterm
(237 to 317° weeks' gestation), moderate preterm (327° to 33"° weeks’
gestation), or late preterm (340 to 361° weeks’ gestation).

Standardized forms were used to collect data on maternal demo-
graphics, medical and pregnancy-specific conditions, mode of delivery,
neonatal and infant anthropometry, feeding practices and comorbidities
until hospital discharge. Feeding practices were categorized as parenteral
nutrition, tube feeding, oral feeding, and human milk, human milk with
fortifiers and various types of formula. All neonatal diagnoses and
treatments were standardized,'® as were main neonatal care practices
using a protocol based on evidence-based practices.'®'?

Anthropometric measurements were taken using protocols, training
materials, and quality control (QC) procedures from the INTERGROWTH-
21% Preterm Postnatal Follow-up Study.*® Newborn weight, length and
head circumference were obtained within 12-24 h of birth using the same
equipment at all sites. An electronic scale (Seca, Hamburg, Germany),
accurate to the nearest 0.1g, was used to measure weight at birth and
weekly until hospital discharge. An infantometer (Harpenden, Chasmors
Ltd, London, UK) was used to measure recumbent length at birth and
weekly until hospital discharge. A metallic non-extendable tape (Chasmors
Ltd), precise to 1 mm with an 8 cm blank lead-in, was used to measure
head circumference at birth and weekly until hospital discharge. All lead
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anthropometrists were trained to measure newborns according to the
study protocol, and, in turn, they trained local staff; all training materials
were based on the original World Health Organization protocols. Two
trained study anthropometrists independently took all measures twice and
compared values using maximum allowable differences of 50 g for weight,
7mm for length, and 4 mm for head circumference. If any difference
exceeded those values, they performed the relevant measurement a
third time.

Statistical analysis

We used a two-step cluster analysis method to identify the preterm sub-
groups. Since many births had more than one associated placental, fetal or
maternal condition, this method utilized a pre-cluster step to form
subclusters with similar newborns and a second step to pool the pre-
clusters into the specified number (10) using a hierarchical approach to
create clusters as different from each other as possible. The conditions used
to cluster newborns were pre-eclampsia, extrauterine infections, chorioam-
nionitis, perinatal sepsis, early bleeding, mid-late bleeding, suspected
intrauterine growth restriction (IUGR, defined as a recorded suspicion of
impaired fetal growth during pregnancy based on ultrasound or physical
examination), fetal distress, and congenital anomaly. We used between-
group linkage as the cluster method and squared Euclidian distance as the
interval measure. The 10-cluster model, including the conditions listed above
and a ‘no main condition identified’ sub-group, provided categorization
consistent with our a priori conceptual classification.

We calculated frequencies (n, %) for the distribution of preterm births
(n =3500) by sub-group and preterm category. We used chi-squared tests
to compare differences in proportions of sub-groups by preterm category,
and between singletons and twins. None of these groups had numbers
that were less than 10. We determined the percentages of maternal, fetal
and placental conditions by preterm birth sub-group. We calculated
distributions of maternal characteristics (mean+SD or n, %) and birth
outcomes (gestational age, weight, length and head circumference).

To assess postnatal growth, we constructed multi-level mixed effects
linear regression models to account for repeated measurements per infant
and twin pregnancy. We included infants without congenital anomalies
and with at least one anthropometric measure after birth, up to
postmenstrual age 42 weeks. We calculated z-scores using the
INTERGROWTH-21°! PPGS.'° Each regression model contained one of the
relevant growth measures (weight, length or head circumference z-score)
as the dependent variable, and preterm birth sub-group as the
independent variable (using the ‘no main condition’ sub-group as the
reference group). We evaluated effect modification between singletons
and twins using interaction terms in the models. Since the twin interaction
terms were not significant, we included all singletons and twins in all
models. We adjusted all models for twin or singleton birth, mode of
delivery (cesarean birth), and feeding at follow-up (exclusive breast milk,
partial breast milk, formula only or no liquids listed), as determined
through detailed questioning of the mothers.

The B coefficients (95% confidence intervals) are provided from models,
both unadjusted and adjusted for birth z-score, to explore postnatal
growth patterns across sub-groups, including and independently of fetal
growth. We stratified models by preterm category, calculating a p-value for
interaction using Wald tests.

The B coefficients (95% confidence intervals) estimated in the analyses
can be crudely interpreted as the difference in z-scores. More precisely, it is
the difference in units of sex adjusted standard deviation (z-scores) of the
INTERGROWTH-21°" PPGS, across the postnatal follow-up period, between
a given sub-group as compared with the reference sub-group, adjusted for
the variables described above.

The study was approved by the Oxfordshire Research Ethics Committee,
institutional research ethics committees at participating sites, and
corresponding regional authorities. All parents provided written informed
consent.

RESULTS

We enrolled 3634 preterm newborns distributed across the
15 study sites: 425 (12%), Karachi; 420 (12%), Milan; 399 (11%),
Moscow; 375 (10%), Oxford; 338 (9%), Belo Horizonte; 321 (9%),
Buenos Aires; 301 (8%), Mexico City; 172 (5%), Nairobi; 163 (4%),
Techiman; 161 (4%), lzmir; 136 (4%), Turin; 130 (4%), Barcelona;
104 (3%), Bangalore; 98 (3%), Paris and 91 (3%), Prilep.
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Enrolled
N = 2,969 pregnancies
N = 3,634 infants

Exclude
- Triplets N =130
- Quadruplets N=4

N = 2,923 pregnancies
N = 3,500 infants

N = 2,320 singletons
N =1,180 twins

Exclude those
with visits only
after 42 weeks
(N = 42) and those
with congenital

anomalies
Missing individual (N=216)
growth
measurements
Weight Length Head
N = 3,239 N = 2,965 Circumference
N=2,971
Fig. 1 INTERPRACTICE-21°" Study participant flowchart.

From the 3634 preterm newborns, we excluded 130 triplets and
four quadruplets, leaving in the analytic sample 3500 newborns
(2320 singletons, 1180 twins) from 2923 pregnancies. Of these
3500 newborns, 856 (24.5%) were born very preterm, 592 (16.9%)
moderate preterm, and 2052 (58.6%) late preterm, reflecting our
oversampling strategy for very preterm newborns. 33.0% of the
856 very preterm newborns were twins, as were 38.2% of the 592
moderate preterm and 32.7% of the 2052 late preterm newborns.

Of the original 3500 sample, 3239 (92.5%) infants contributed
measures of weight (n = 3239; singletons = 2144, twins = 1095),
length (n=2965; singletons=1945, twins=1020) and head
circumference (n=2971, singletons=1950, twins=1021) to the
analyses (Fig. 1). The birth characteristics according to preterm
birth sub-group and preterm category for all newborns are
presented in Table 1.

Birthweight (all newborns) ranged from 1371 + 595 g for infants with
‘perinatal sepsis’ to 2296 + 519 g for infants with ‘no main condition’;
the means+SD for length at birth were 449+33, and 38.1+5.1,
respectively and for head circumference were 31.5+22cm and
272+ 34cm, respectively for the same sub-groups. Birth size
predictably increased from very preterm to late preterm. The rates of
small for gestational age (SGA, defined as <10th centile of the
INTERGROWTH-21%" newborn size standards'® or very preterm
references'®) were similar across gestational age categories (very
preterm,16.2%; moderate preterm, 14.0%; late preterm,19.6%). The
baseline maternal characteristics by preterm birth sub-group and
preterm category for all newborns are presented in Supplementary
Table 1. Mothers with ‘early bleeding’ were more than twice as likely to
have had a previous preterm birth (56%) compared to those with ‘no
main condition’ (27%) or ‘pre-eclampsia’ (20%).

Proportional distribution of the etiologically-based preterm
sub-groups according to gestational age at birth

The distribution of the preterm sub-groups according to gesta-
tional age category (very, moderate, and late preterm) and for
singletons and twins are shown in Fig. 2. The percentage of both
singleton and twin newborns with the ‘no main condition’ sub-
group increased from very preterm to late preterm; conversely the
‘perinatal sepsis’ sub-group was highest in the very preterm and
lowest in the late preterm infants. Twins showed similar patterns
to singletons except they had a higher percentage of ‘suspected
IUGR!, reflecting the higher rates of SGA at birth.
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Late
Preterm
2,052
2399 +449

Preterm
1839 + 345

Moderate
592

Preterm
1246 + 369

Very
856

Congenital
Anomaly
1953 +703

216

Distress
1878 £ 592

Fetal
327

Suspected
IUGR

282
1806 + 492

Bleeding
2058 +629

Mid-late
315

Bleeding
2032 +707

Early
200

Perinatal
Sepsis
346

1371 £ 595

Chorioamnionitis
2135+ 569

423

Extrauterine
Infection

167
2244+ 541

2090 + 594

Pre-
408

No main
2296 +519

Unadjusted birth outcomes indicators (Mean + SD) according to preterm-birth sub-group for all newborns, in the INTERPRACTICE-21°" Study (n = 3500)
816

Birth weight

(@)

All infants

Table 1.

432+4.6 42.0+35 42.0+4.1 419+48 374+38 423+26 455+26

429+5.0

38.1+5.1

449+33 436+3.8 443+3.2 438+3.5

Birth length

(cm)

30.0+35 305+3.0 299+23 299+28 299+35 266+2.6 301+1.7 32017

272+34

308+24

31.2+23

309+24

31.5+22

Birth head

circumference

(cm)

5.07 £0.91 4.72+1.05 5.02+0.94 4.81+0.98 3.50+1.10 4.63+1.21 4.67 £1.08 4.24+0.89 4.39+1.07 454+1.26 3.28+0.73 4.33+0.65 5.25+0.79

Birth weight

for length (kg/

cm)
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—0.19+0.95 —0.85+1.16

—033+1.15

-042+1.11

—0.23+1.14

Birth length
z-score

—0.24+1.17 0.18 £0.94 —0.73+1.12 —0.47+1.19 —0.50+ 1.61 —-0.21+1.11 —-0.25+1.11 —0.12+£1.18
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z-score

e - —
- ) IS
+ o I
o)} = ()
Q [a]
o o ~
| < ©
wn
e =
(=] = N
+ = ]
< i 2
& =
S o 2
| © ~
< = =
@) ] 2
o O m
H p=4 o
= © )
=] ] @
o — o~
m
Q)
H N a
o -
& g )
= m a
[ © ©
m
Q
H N )
~ o
3 ) )
= o -3
| © o))
N
o = =
S ) S
+H i} ~N
1 S &
% al
? ™ )
wn
3 ®
4|8 (=
n L0 &l
= ~ n
o — ~
m
=
H N @
wn m
z = il
< =3 N
| [} ©
sa]
g =
- — I
noF g
o a =4
5 wn
= o o
| © -
o
=
<} ~
+ = ~N
™ o o
(=] © N
(=] © =~
[ ~N —
o]
o
© = —
H ] )
o~ [}
S = ()
= <3 0
| N ©
n
e =
o = N
+ &l =}
© b i)
o h=) =
= o Il
| n —
%
=] = ~
+ = o
o « o
= = =
= o N
| (o)) [l
2 =
oo B5 &
25, 858 <
Sce w5
o5 =—=moE @
290 T2 =
E59 E88 3
B2N woe F

SPRINGER NATURE

243



P. Roggero et al.

244

Very Preterm

Moderate Preterm

Late Preterm

100% A
L Bl BE
75%
a B = B
I R —
50% -
25%
0% A
Singletons  Twins Singletons  Twins Singletons Twins
(n=573) (n=283) (n=366) (n=226) (n=1381) (n=671)

B No main condition

B Chorioamnionitis
Mid-late bleeding
Congenital anomaly

M Pre-eclampsia
Perinatal sepsis
Suspected IUGR

W Extrauterine infection
W Early bleeding
W Fetal distress

Fig. 2 Preterm-birth phenotypes by preterm category comparing singleton and twin pregnancies in the INTERPRACTICE-21%" Study

(n = 3500).

Postnatal growth trajectories for weight, length and head
circumference across preterm sub-groups

Figure 3a to 3c show postnatal growth trajectories unadjusted for
birth measures for weight, length and head circumference by
weeks of postmenstrual age expressed as z-scores of the PPGS
according to preterm category and preterm birth sub-group.
Overall, in all preterm infants, the growth trajectory by 38th week
for all preterm sub-groups was within —2 (z-score) of the
corresponding standards for weight, length and head circumfer-
ence. After the 38th week the growth trajectory deviated towards
—3 and —4 (z score) in the very preterm infant sub-groups,
whereas in almost all moderate and late preterm infant sub-
groups the growth trend recovered towards zero (z-score) around
42 postconceptional weeks.

Postnatal growth of weight, length and head circumference

by etiologically-based preterm sub-groups with and without
adjustment for measures at birth

Table 2 and Fig. 4 a to c present the adjusted beta coefficients
(95% confidence intervals) for weight, length and head circum-
ference (z-scores of the PPGS) for each preterm sub-group (with
the ‘'no main condition’ sub-group as the reference group)
stratified by preterm category and adjusted for twins, mode of
delivery and feeding regimen during follow-up [solid circle] and
with adjustment for measures at birth (z-score estimated from the
size at birth international standards) [open circles].

Very preterm. In the models unadjusted for birth z-scores, very
preterm infants with the ‘perinatal sepsis’, ‘suspected IUGR’ and
‘fetal distress’ sub-groups had a significantly lower mean postnatal
weight compared to those with the ‘no main condition” sub-group
(B coefficients ranging from —0.46 to —0.68 of SD). After adjusting
for birth weight, such differences were no longer present,
implying that the postnatal growth of these preterm infants was
mostly related to the differences in fetal growth and birth weight.
However, after adjusting for birth weight, the ‘extrauterine
infection’ sub-group had a significantly higher mean weight z-
score (B: 0.34). The ‘perinatal sepsis’, ‘early bleeding’, ‘suspected
IUGR' and ‘fetal distress’ sub-groups had significantly lower mean
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postnatal length and head circumference (3 ranging from: —0.59
to —1.04; and —0.53 to —0.92, respectively). After adjustment for
birth measures, these differences became null but the ‘extra-
uterine infection’ sub-group was now associated with a larger
mean head circumference (: 0.59). However, after controlling for
birth measures, the ‘mid-late bleeding’ and ‘extrauterine infection’
sub-groups had significantly higher mean length (3: 0.25) and
head circumference (B: 0.59) z-scores, respectively than the ‘no
main condition’ sub-group.

Moderate preterm. In the models unadjusted for birth weight,
moderate preterm infants with the ‘perinatal sepsis’ and
‘suspected IUGR’ sub-groups had significantly lower mean weight
z-scores (3 ranging from —0.69 to —0.80); after adjustment for
birth weight, these associations became null but the ‘pre-
eclampsia’ sub-group had a significantly higher weight z-score
(B: 0.19). The ‘perinatal sepsis’, ‘suspected IUGR’ and ‘fetal distress’
sub-groups were significantly associated with lower mean length
z-scores (B ranging from: -0.45 to -1.02) in models unadjusted for
birth length; after adjustment for birth length, only the association
with ‘perinatal sepsis’ remained (f: -0.35), reflecting differences in
postnatal growth for these sub-groups. There were no significant
associations with head circumference with or without controlling
for birth measures.

Late preterm. In the models unadjusted for birth z-scores, late
preterm infants with the ‘pre-eclampsia’, ‘perinatal sepsis’,
‘suspected IUGR’" and ‘fetal distress’ sub-groups had significantly
lower mean weight z-scores (B: —0.21 to —1.08); the ‘suspected
IUGR’" and ‘fetal distress’ sub-groups had significantly lower mean
length (3: —0.67 to —1.1) and head circumference (f: -0.73 to
-0.96) z-scores. In the models adjusted for birth z-scores, the same
sub-groups had significantly lower weight z-scores (f: —0.10 to
—0.26). The ‘suspected IUGR’ and ‘fetal distress’ sub-groups had
significantly lower length (f: —0.67 to —1.10) and head
circumference z-scores (B: —0.73 to —0.96); the association with
‘suspected IUGR’ diminished after controlling for birth measures.
In contrast, the ‘mid/late bleeding’ sub-group was associated with
a higher length z-score unadjusted (but not adjusted) for birth

Pediatric Research (2025) 98:241 - 249
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Fig. 3 Postnatal infant growth by preterm category in the INTERPRACTICE-21%* Study. a Postnatal infant weight (z-score) by preterm
category in the INTERPRACTICE-21*" Study. b Postnatal infant length (z-score) by preterm category in the INTERPRACTICE-21°" Study.
c Postnatal infant head circumference (z-score) by preterm category in the INTERPRACTICE-21°" Studly.

length, and the ‘extrauterine infection’ sub-group was associated
with higher length z-score with adjustment (but not unadjusted)
for birth length. Similarly, the ‘chorioamnionitis’ sub-group was
associated with a significantly higher (3: 0.13) head circumference
z-score after adjustment (but not unadjusted) for birth head
circumference.

DISCUSSION
In this large, prospective, multinational study, we have observed:
(1) the distribution of etiologically-based preterm birth sub-groups
across gestational age at birth; (2) the postnatal growth
trajectories for weight, length and head circumference across
etiologically-based preterm sub-groups; and (3) the effect of size
at birth on the postnatal growth of weight, length and head
circumference across etiologically-based preterm sub-groups.
The heterogeneous distribution of etiological sub-groups across
gestational ages confirms the complex nature of the preterm birth
syndrome, associated with multiple etiological factors that affect
pregnancy differently across gestational age at birth.”??> The
largest single sub-group, ‘no main condition’, which corresponded
to pregnancies without (at the present level of clinical diagnosis)
any main maternal, fetal or placental conditions detected,
consistent with previous reports,”*'* increased with gestational
age at birth to a high (30%) amongst late preterm newborns.
Conversely, the contribution of the ‘perinatal sepsis’ sub-group
was greatest amongst the very preterm and lowest in the late

Pediatric Research (2025) 98:241 - 249

preterm newborns. Overall, the three infection-related sub-groups
‘chorioamnionitis’, ‘perinatal sepsis’ and ‘extrauterine infection’ are
etiologically associated with 41% of the very preterm newborns.
Although they overlap clinically, the prevention and treatment
regimens require specific strategies and should be considered in
the design and meta-analysis of randomized controlled trials
evaluating anti-microbials to prevent preterm birth.

The contribution of the ‘suspected IUGR’ sub-group was higher
amongst twins (11%) than singletons (6%), consistent with the
evidence that twin pregnancies are more likely affected by lower
postnatal growth patterns. This phenomenon could be pathologic
(fetal, placental, obstetric,c mechanical or underlying maternal
causes) or a benign physiological adaptation that optimizes the
survival of twin fetuses by decreasing their nutritional demands
and uterine overdistention.*>’

The postnatal growth trajectories for weight, length and head
circumference across etiologically-based sub-groups vary depend-
ing on the preterm category. The moderate and late preterm infant
sub-groups recovered the growth delay accumulated early in
postnatal life, generally by the 42nd post-conceptional week.
Conversely, the growth trajectories of very preterm infant sub-
groups showed a persistent delay in the period up to and including
‘term’, suggesting that severe prematurity and long hospitalization,
often associated with comorbidities, may be responsible for lower
postnatal growth patterns and not any particular sub-group.
Perhaps for similar reason, the head circumference z-scores for
very preterm and moderate preterm infants declined in some
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Fig. 4 Adjusted associations between preterm-birth phenotypes and postnatal growth according to preterm category for singletons
(solid markers) and twins (open markers) in the INTERPRACTICE-21°* Study. a Adjusted associations® between preterm-birth phenotypes
and postnatal weight (z-scores) according to preterm category for singletons (solid markers) and twins (open markers) in the INTERPRACTICE-
21° Study. ® b Adjusted associations® between preterm-birth phenotypes and postnatal length (z-scores) according to preterm category for
singletons (solid markers) and twins (open markers) in the INTERPRACTICE-21** Study. ® ¢ Adjusted associations® between preterm-birth
phenotypes and postnatal head circumference (z-scores) according to preterm category for singletons (solid markers) and twins (open
markers) in the INTERPRACTICE-21°* Study. *Models include random intercepts for mother and infant, mode of delivery, and feeding at follow-
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groups, in particular in the 'no main condition’ and ‘pre-eclampsia’
sub-groups after 38 postmenstrual weeks.

The effect of size at birth on postnatal growth varied in the
different preterm categories and sub-groups, suggesting that
intrauterine growth may influence postnatal growth patterns.
Postnatal growth of very preterm and late preterm infants with
the ‘perinatal sepsis’, ‘suspected IUGR' and ‘fetal distress’ sub-
groups was significantly lower (when growth was not adjusted for
birth z-score) than that of infants with the ‘no main condition’ sub-
group. This pattern persisted in late preterm but not in very or
moderate preterm infants when growth was corrected for z-score
at birth. Thus, intrauterine growth may influence postnatal growth
patterns in both very preterm and late preterm infants. When the
model was adjusted for z-score at birth, late preterm infants with
these sub-groups had a significantly lower weight z-score
compared to the ‘no main condition’ sub-group, indicating that
postnatal growth patterns are partially independent of fetal
growth in the great majority of preterm (i.e., late preterm)
newborns. Overall, the ‘perinatal sepsis’, ‘suspected IUGR' and
‘fetal distress’ sub-group infants had significantly lower growth
than the ‘no main condition’ sub-group infants.

This study has several unique characteristics including: (1) a very
large multinational sample including weight, length, head circumfer-
ence and weight for length obtained under standardized protocols;
(2) participating centers (mostly the leading units in each country or

Pediatric Research (2025) 98:241 - 249

region) were proportionally represented and provided standardized
neonatal intensive care unit (NICU) and postnatal care; (3) the
gestational ages at birth were evenly distributed, even at low
gestational ages due to oversampling this sub-group in the study
design; (4) the etiologically-based pregnancy sub-groups were well
characterized a priori; (5) infants were monitored throughout their
hospital stay and measured daily (weight) or weekly (length, head
circumference) using the INTERGROWTH 21*" standardized protocols
with in-built QC; (6) gestational age at birth was accurately estimated
by ultrasound early in pregnancy, and (7) twin pregnancies,
etiologically associated with preterm birth, were included and
analyzed in sensitivity analyses.

However, the study had some limitations, perhaps the most
important being that the follow-up period was short and focused
on NICU/hospital stay. The median (interquartile range) post-
menstrual age at the last follow-up was 36.7 (35.7-38.1) weeks and
the 90th percentile was 42.0 weeks. Hence, infants with a degree
of complications are overrepresented in our dataset; so, we
stratified all our analyses by preterm category. There is an obvious
trade-off between the large sample size of an international
collaboration, standardization of equipment and protocols, the
promotion of human milk, as the main feeding regimen, and the
complexity of large-scale follow-up. We chose to focus on the
crucial early neonatal period and on the interaction between
pregnancy factors, birth size, human-milk feeding, morbidity and
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early growth. We acknowledge, however, that a problem with
focusing on human feeding is that it is highly associated with the
determinants of health and the support mothers receive or do not
receive, so it is not a pure exposure that only reflects human milk,
but it actually reflects many challenges that mothers face. These
factors, that can reflect poverty, social support and economic
challenges, should be the focus of future research.

In summary, we have demonstrated that the etiological
distribution of preterm birth varies according to gestational age,
which should be of relevance for outcome research and
preventive strategies at population level; the principal sub-
groups were ‘no main condition’ and infectious conditions
(chorioamnionitis’, ‘perinatal sepsis’, ‘extrauterine infection’),
which should stimulate systematic research to dissect these sub-
groups; fetal growth influences postnatal growth for all preterm
categories, especially for those with the ‘suspected IUGR’, ‘fetal
distress’ and ‘perinatal sepsis’ sub-groups. Hence, there is a need
to diagnose reduced extrauterine growth with caution. Finally,
preterm infants resulting from singleton and multiple pregnancies
share preterm sub-groups, but there are specific patterns in twins
that need to be elucidated.
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