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ABSTRACT
Objective To evaluate the impact of timing of initiation 
of parenteral nutrition (PN) after birth in very preterm 
infants.
Design Propensity- matched analysis of data from the 
UK National Neonatal Research Database.
Patients 65 033 babies <31 weeks gestation admitted 
to neonatal units in England and Wales between 2008 
and 2019.
Interventions PN initiated in the first 2 days (early) 
versus after the second postnatal day (late). Babies 
who died in the first 2 days without receiving PN were 
analysed as ’late’.
Main outcome measures The main outcome measure 
was morbidity- free survival to discharge. The secondary 
outcomes were survival to discharge, growth and other 
core neonatal outcomes.
Findings No difference was found in the primary 
outcome (absolute rate difference (ARD) between early 
and late 0.50%, 95% CI −0.45 to 1.45, p=0.29). The 
early group had higher rates of survival to discharge 
(ARD 3.3%, 95% CI 2.7 to 3.8, p<0.001), late- onset 
sepsis (ARD 0.84%, 95% CI 0.48 to 1.2, p<0.001), 
bronchopulmonary dysplasia (ARD 1.24%, 95% CI 0.30 
to 2.17, p=0.01), treated retinopathy of prematurity 
(ARD 0.50%, 95% CI 0.17 to 0.84, p<0.001), surgical 
procedures (ARD 0.80%, 95% CI 0.20 to 1.40, p=0.01) 
and greater drop in weight z- score between birth and 
discharge (absolute difference 0.019, 95% CI 0.003 to 
0.035, p=0.02). Of 4.9% of babies who died in the first 
2 days, 3.4% were in the late group and not exposed to 
PN.
Conclusions Residual confounding and survival 
bias cannot be excluded and justify the need for a 
randomised controlled trial powered to detect differences 
in important functional outcomes.

BACKGROUND
Current practice is to commence parenteral nutri-
tion (PN) in very preterm infants within hours of 
birth.1 This practice has evolved over the last decade 
due to concern that delayed PN places babies at 
risk of cumulative nutritional deficits, suboptimal 
growth and long- term neurodevelopmental impair-
ment.2 3 Previously initiation of PN was delayed to a 
few days after birth due to concerns about the meta-
bolic tolerance of very preterm infants. The safety of 
earlier PN initiation has not been evaluated, with all 
studies focusing on short- term growth measures.4 A 
meta- analysis that included studies of early versus 

late introduction of parenteral amino acids found 
no differences in short- term growth or clinical 
outcomes nor neurodevelopmental outcomes at age 
2 years. Nitrogen balance was found to be signifi-
cantly different, with positive balance in the early 
amino acid group.5

Recent high- quality randomised controlled trials 
in critically ill adults and children, including full- 
term infants, have shown evidence of harm from 
early use of PN, with adverse effects on sepsis, 
duration of mechanical ventilation and hospital 
stay, renal replacement therapy, liver function, 
and healthcare costs, but not on survival.6–10 Of 
concern are reports of the long- term adverse impact 
on neurocognition and behaviour in children who 
received early PN.11 12 These reports are supported 
by mechanistic studies suggesting that the devel-
oping brain is susceptible to long- term harm from 

What is already known on this topic?

 ⇒ Recent trials in term infants, children and adults 
have shown evidence of short- term and long- 
term harms from early initiation of parenteral 
nutrition (PN) in intensive care.

 ⇒ A meta- analysis published in 2013 of small 
observational and randomised controlled trials 
showed short- term benefit for growth outcomes 
from commencing PN early in preterm infants.

 ⇒ We replicated the search strategy used in this 
meta- analysis on 2 April 2021 and found no 
additional eligible studies.

What this study adds?

 ⇒ In this large, whole- population, propensity- 
matched observational study we found no 
differences in survival to discharge without 
major morbidity comparing early versus late 
initiation of PN.

 ⇒ We found higher rate of survival in early 
PN group and also higher rates of major 
morbidities that are known to be associated 
with neurodevelopmental impairment.

 ⇒ We cannot exclude residual confounding related 
to survival bias or how sick or unstable a baby 
was at the time of clinical decision- making 
about PN initiation.
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early PN, with differential methylation of genes involved in brain 
development present as early as 3 days after initiation of PN.13–15

We therefore aimed to evaluate the association between timing 
of initiation of PN and outcomes to discharge from neonatal care 
in infants born below 31 weeks gestation.

METHODS
Population and setting
We included all preterm infants born below 31 weeks gestation 
who were admitted to and received all their care in National 
Health Service (NHS) neonatal units in England and Wales 
during the 12- year period between 1 January 2008 and 31 
December 2019. We excluded infants with major congenital 
gastrointestinal malformations, congenital conditions requiring 
surgery in the neonatal period, those with life- limiting condi-
tions (defined in online online supplemental etable 1) and for 
whom key background or primary outcome data were missing.

Data source
We used data held in the UK National Neonatal Research Data-
base (NNRD).16 It contains quality- assured data (the Neonatal 
Data Set, an NHS Information Standard; Standardisation 
Committee for Care Information 1595) extracted at regular 
intervals from the electronic patient records of infants admitted 
to UK neonatal units from 2007 to the present. The NNRD 
is a national data asset discoverable through the Health Data 
Research UK Alliance Innovation Gateway (https://www.health-
datagateway.org/) and is available for use by external investiga-
tors. A formal test of NNRD data quality showed less than 5% 
discordance with equivalent items collected independently for a 
trial funded by the National Institute for Health Research and 
performed to Good Clinical Practice standards.17 All neonatal 
units agreed to the inclusion of their data in the study.

Exposures
PN initiated in the first 2 days after birth (early) versus after the 
second postnatal day (late) was evaluated. Each day in the NNRD 
is recorded as the time between two consecutive midnights and 
not from the time of birth of the infant. Depending on the 
time of birth early PN could reflect the time of initiation of PN 
from within 1 hour to 48 hours of birth and late PN as that 
commencing from 25 hours after birth. The choice of 2 post-
natal days after birth to define ‘early’ was pragmatic, reflecting 
the definition in the systematic review and meta- analysis of early 
versus late PN in preterm infants.4 Babies who died in the first 
2 days who did not receive PN were assigned to the late group.

Outcomes
The primary outcome was morbidity- free survival to discharge 
from neonatal care, defined as survival to discharge without 
any of the following: late- onset sepsis (defined as one or more 
episodes of a positive blood or cerebrospinal fluid culture with 
either a pure or mixed growth of a known pathogenic organism 
after the first 72 hours following birth), bronchopulmonary 
dysplasia (defined as any respiratory or ventilatory support or 
supplemental oxygen at 36 weeks postmenstrual age), treatment 
for retinopathy of prematurity (ROP) (defined as cryotherapy, 
laser therapy or injection of anti- vascular endothelial growth 
factor therapy for ROP in either or both eyes), severe necro-
tising enterocolitis (defined as necrotising enterocolitis resulting 
in surgery or confirmed at surgery18), seizures and severe brain 
injury (defined as either left or right grade 3 or higher intra-
ventricular haemorrhage or periventricular leucomalacia). The 

secondary outcome measures included all these morbidities 
and survival to discharge from neonatal care, ‘any’ necrotising 
enterocolitis (defined as any treatment for necrotising entero-
colitis or diagnosis of necrotising enterocolitis and 5 or more 
consecutive days recorded as being nil by mouth and in receipt 
of antibiotics), weight gain (defined as change in weight z- score 
between birth and discharge), surgical procedures (defined as 
any major surgical procedure recorded during neonatal admis-
sion) and maximum stage of ROP in either eye (ranging from 
no ROP to stage 1–5 or aggressive posterior ROP). Long- term 
outcomes included neuromotor, auditory and visual impairment 
at age 2 years corrected for prematurity.

Statistical analysis
We used propensity score matching to compare the outcomes 
between the early and the late PN group. The propensity score is 
the probability of treatment assignment conditional on observed 
baseline characteristics and is derived using logistic regression. 
Propensity score matching entails forming matched sets of 
treated and untreated participants who share similar values of 
the propensity score, resulting in the formation of a cohort in 
which the two treatment groups have similar baseline character-
istics as would be the case in a randomised controlled trial.

Infants were assigned to groups based on three principal back-
ground variables: year of birth, gestation and multiplicity. The 
principal background groups were defined by 3 birth year groups 
(4 consecutive years in each group), 3 gestational age groups 
(23–25, 26–27 and 28–30 weeks) and 2 groups based on multi-
plicity (singleton and multiple birth), resulting in 18 groups. 
Adaptive splitting of each of the groups based on the propensity 
score was used to create strata of infants. In each stratum, the 
two treatment groups had similar average propensities. Inverse 
probability weighting was used to arrange a balance of the two 
groups. Thus, every infant with unexceptional propensity score 
contributed to the analysis, although many of them with small 
weights. The weight each baby contributed to the analysis was 
inversely proportional to their propensity score; the resulting 
matched cohort therefore has a smaller effective size than the 
unmatched cohort.

To demonstrate that the groups were well matched, we 
assessed the balance of all the background variables by evaluating 
the scaled differences of the means or proportions within the 
two treatment groups. The scaling was accomplished by dividing 
the difference by the pooled SD of the background variable. We 
aimed for each of these differences to be below 0.1 in absolute 
value, following Imbens and Rubin,19 and the average of these 
absolute balances below 0.05. We obtained scaled differences 
ranging from −0.014 to 0.011, satisfying these criteria by a 
wide margin. The mean of the absolute values of the balance was 
0.0044, whereas the mean before matching was 0.134 (online 
supplemental efigure 1).

We compared the means and proportions of the two treatment 
groups, early minus late PN by means of a t- test, and the median 
by a permutation test. Analyses were carried out using R V.3.3.0.

RESULTS
There were 69 733 infants born below 31 weeks of gestation 
between 1 January 2008 and 31 December 2019 who were 
admitted to and received all of their care in neonatal units in 
England and Wales. After exclusions, as shown in figure 1, and 
the application of inverse probability weighting, there were 8147 
matched pairs, a cohort of 16 294 infants. Key baseline charac-
teristics are shown in table 1. The number of babies in each of 
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the three groups based on the three principal background vari-
ables is shown in online supplemental etable 3.

Table 2 shows the outcomes. All comparisons refer to the 
difference of early minus late PN. There was no evidence of 
difference in the primary outcome of survival to discharge 
without major morbidity: percentage (SE), early 59.50 (0.30) 
and late 59.03 (0.36) (absolute rate difference: early versus 
late PN −0.50%, 95% CI −0.45 to 1.45, p=0.294). The rate 
of survival to discharge was significantly higher in infants who 
received early PN. Infants who received early PN also had 
significantly higher rates of late- onset sepsis, bronchopulmonary 
dysplasia, treatment for ROP, stage 3 or higher ROP, surgical 
procedures and greater drop in weight z- score between birth 
and discharge. We found no significant differences in the rates 
of severe or ‘any’ necrotising enterocolitis, seizures, major brain 
injury or outcomes at age 2 years corrected for prematurity. 
Among infants who died, the median age (days) at death was 
higher in the early group. Of 4.9% of babies who died in the 
first 2 days, 3.4% were assigned to the late group as they did not 
receive PN. After the second day there were more deaths in the 
early group (online supplemental etable 2).

DISCUSSION
In this large, population- wide, observational study of early 
versus later introduction of PN in very preterm infants, we 
found evidence of lower mortality in the group who received 
early PN, but also higher rates of morbidity.

The finding of increased mortality in the late group is out of 
keeping with the outcomes in adults and children comparing 
early versus late PN.6 7 We speculate that the reasons for this 
could be twofold. First, babies who died in the first 2 days who 
never received PN were analysed in the late group. In effect 
3.4% of babies in the late group (compared with 1.5% in the 
early) died before meeting our definition of late PN, which 

introduces the so- called survival bias. Survival bias arises in 
studies that use a time window from the start of follow- up to 
define users of a medication or an exposure to an intervention. 
This introduces artificial survival advantage associated with the 
exposed participants regardless of the effectiveness of the treat-
ment and is a limitation of observational studies.20 After the first 
2 days, death rate was higher in the early compared with the 
late group. Second, decision regarding timing of initiation of PN 
could be confounded by the clinical condition of the baby, with 
later commencement in the sickest infants, who are also more 
likely to die. Previously commencement of PN was delayed in 
preterm infants due to concerns regarding metabolic tolerance. 

Figure 1 Study cohort. NHS, National health Service; PN, parenteral 
nutrition.

Table 1 Key background characteristics

Entire cohort Matched cohort

Early PN
(n=43 436)

Late PN
(n=21 597)

Early PN
(n=8147)

Late PN
(n=8147)

Infant characteristics at birth

  Gestational age 
(weeks), mean (SD)

27.7 (2.0) 28.9 (2.0) 28.5 (2.0) 28.5 (2.0)

  Birth weight (kg), 
mean (SD)

1.02 (0.303) 1.22 (0.342) 1.14 (0.322) 1.15 (0.32)

  Birth weight z- score, 
mean (SD)

−0.08 (0.99) 0.16 (0.93) 0.06 (0.96) 0.06 (0.93)

  Girls, n (%) 19 880 (46.3) 9385 (44.8) 3633 (45.7) 3633 (45.7)

  Maternal factors

  Maternal age, mean 
(SD)

30.5 (6.3) 30.1 (6.3) 30.3 (6.4) 30.3 (6.3)

  Maternal diabetes, 
n (%)

624 (1.4) 249 (1.2) 108 (1.3) 102 (1.3)

  Maternal gestational 
diabetes, n (%)

1172 (2.7) 678 (3.1) 489 (3.0) 496 (3.0)

  Maternal gestational 
hypertension, n (%)

3167 (7.3) 1759 (8.1) 692 (8.5) 704 (8.6)

  Maternal pre- 
eclampsia, n (%)

1973 (4.5) 529 (2.5) 232 (2.8) 242 (3.0)

  Prolonged rupture of 
membranes, n (%)

4715 (10.9) 2633 (12.2) 957 (11.8) 946 (11.6)

  Chorioamnionitis, 
n (%)

3019 (8.3) 1200 (7.2) 478 (7.3) 472 (7.3)

  Complete course of 
antenatal steroids, 
n (%)

29 786 (71.9) 13 736 (68.9) 5268 (69.2) 5256 (69.2)

Infant factors after birth

  Apgar score <5 at 5 
min, n (%)

5186 (13.5) 1837 (9.6) 813 (11.2) 794 (11.0)

  Intubation during 
resuscitation, n (%)

26 752 (62.0) 9445 (43.7) 4158 (51.4) 4144 (50.9)

Infant factors on first day

  Ventilated on first 
day, n (%)

33 506 (77.1) 12 728 (58.9) 5460 (67.0) 5463 (67.0)

  Surfactant given, 
n (%)

21 384 (49.2) 8882 (41.1) 3739 (46.0) 3740 (46.0)

  Inotropes on first 
day, n (%)

9544 (22.0) 3352 (15.5) 1512 (19.4) 1495 (18.4)

  Treated for infection 
on first day, n (%)

25 428 (58.5) 12 323 (57.6) 4767 (58.5) 4762 (58.8)

Organisational factors

  Born in level 3 unit 
(NICU), n (%)

26 790 (61.7) 10 037 (46.5) 4043 (49.7) 4060 (49.9)

  Transferred on first 
day, n (%)

6205 (14.3) 2907 (13.5) 1203 (14.8) 1200 (14.7)

NICU, neonatal intensive care unit; PN, parenteral nutrition.
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In this study babies were included from 2008 when practice had 
changed to commencing PN earlier. We tried to account for clin-
ical condition on the first day by matching on various factors. 
There are likely to be other factors, not recorded in the study, 
that were different between the groups which we were unable 
to account for.

Our finding of evidence of greater morbidity in survivors 
who received early PN is in keeping with evidence in critically 
ill adults, children and term neonates, which has led to calls for 
the de- implementation of early PN in these groups.21 The mech-
anisms that explain the adverse outcomes in paediatric patients 
are equally likely to play a role in preterm infants. A secondary 
analysis of the PEPaNIC trial (The Early versus Late Parenteral 
Nutrition in the Pediatric Intensive Care Unit), comparing early 
versus delayed PN in critically ill children and babies, found 
that it was the early administration of amino acids, but not 
glucose or lipids, that explained the harm from early PN.22 The 
authors proposed several mechanisms, noting that amino acids 
are powerful suppressors of autophagy, and including the possi-
bility that amino acid load exceeding anabolic capacity results 
in diversion to hepatic production of urea, supported by their 

findings of increased plasma urea during the intervention period. 
Early PN and amino acids were also implicated in the differen-
tial methylation of genes that are associated with brain devel-
opment in another secondary analysis of the PEPaNIC trial.14 
It might be argued that, in contrast to critically ill children 
and infants, not all preterm infants are critically ill after birth. 
However, metabolic disturbances and instability are common in 
the immediate postnatal period in very preterm infants. We have 
previously found that 50% of infants born <31 weeks gestation 
recruited to a trial of PN (commenced within 24 hours of birth) 
had hyperglycaemia (>15 mmol/L). Of all trial participants 40% 
had hypertriglyceridaemia (>2 mmol/L).23 Hyperglycaemia and 
hypertriglyceridaemia are associated with increased mortality 
and morbidity in very preterm infants.24–26 In both arms of the 
same trial, 50% developed blood urea levels >7 mmol/L, with 
50% developing blood urea >10 mmol/L in the high intake arm, 
suggesting intakes exceeding anabolic capacity with the current 
recommended intakes. Indeed, studies of higher intakes of macro-
nutrients in very preterm babies in the early postnatal period 
are associated with other metabolic derangements, including the 
refeeding syndrome.27 The refeeding syndrome was found to be 

Table 2 Neonatal outcomes

Entire cohort Matched cohort

Early PN
(n=43 436)

Late PN
(n=21 597)

Early PN
(n=8147)

Late PN
(n=8147)

Treatment effect
(95% CI) P value

Missing 
data

Missing 
data

Missing 
data

Missing 
data

Survival to 
discharge without 
morbidities (%)

46.7 (0.2) 0 65.0 (0.3) 0 59.5 (0.3) 59.03 (0.36) 0 0.50 (−0.45 to 1.45) 0.29

Secondary outcomes: outcomes during admission

  Survival to 
discharge

89.8 (0.1) 27 (0.06) 90.7 (0.2) 47 (0.2) 92.1 (0.2) 6 (0.1) 88.89 (0.2) 16 (0.19) −3.25 (2.68 to 3.82) <0.001

  Brain injury on 
imaging*

5.4 (0.1) 0 3.4 (0.1) 0 3.8 (0.1) 0 4.03 (0.1) 0 0.23 (0.61 to 0.14) 0.22

  BPD† 42.6 (0.3) 4241 (9.76) 23.8 (0.3) 2025 (9.4) 29.9 (0.3) 625 (7.7) 28.7 (0.3) 11.05 1.24 (0.30 to 2.17) 0.01

  Late- onset 
sepsis*

6.6 (0.1) 0 2.7 (0.1) 0 4.1 (0.1) 0 3.2 (0.1) 0 0.84 (0.48 to 1.20) <0.001

  Severe NEC* 5.4 (0.1) 0 3.5 (0.1) 0 4.3 (0.1) 0 4.1 (0.2) 0 0.18 (−0.21 to 0.57) 0.34

  Any NEC* 10.9 (0.2) 0 7.0 (0.2) 0 8.7 (0.2) 0 8.2 (0.2) 0 0.47 (−0.07 to 1.01) 0.08

  Major surgery* 12.5 (0.2) 0 9.9 (0.2) 0 11.4 (0.2) 0 10.6 (0.2) 0 0.80 (0.20 to 1.40) 0.01

  Treatment for 
ROP*

5.5 (0.1) 0 2.3 (0.1) 0 3.3 (0.1) 0 2.8 (0.1) 0 0.50 (0.17 to 0.84) <0.001

  Maximum 
ROP*

6.6 (0.1) 0 2.3 (0.1) 0 3.3 (0.1) 0 2.8 (0.1) 0 0.49 (0.16 to 0.83) 0.003

  Seizures* 3.5 (0.1) 0 2.9 (0.1) 0 3.0 (0.1) 0 3.2 (0.1) 0 −0.20 (−0.54 to 0.14) 0.24

  Growth‡ −1.4 (0) 1089 (2.51) −1.5 (0.0) 969 (4.5) −1.5 (0.0) 113 (1.4) −1.5 (0.0) 114 (1.4) 0.019 (0.035 to 0.003) 0.02

  Days from birth 
to death§

11 (4–29) 0 4 (2–16) 0 10 (3.5–27) 0 4 (2–17) 0 −6 (6 to 6) <0.001

Secondary outcomes: impairments at 2 years

  Ability to walk* 
(%)

3.0 (0.1) 0 2.3 (0.1) 0 2.8 (0.1) 0 2.5 (0.1) 0 0.27 (−0.04 to 0.58) 0.08

  Vision* (%) 3.7 (0.1) 0 2.4 (0.1) 0 3.0 (0.1) 0 2.7 (0.1) 0 0.30 (−0.02 to 0.62) 0.06

  Hearing* (%) 1.4 (0.1) 0 0.9 (0.1) 0 1.2 (0.1) 0 1.1 (0.1) 0 0.13 (−0.08 to 0.34) 0.21

Data are percentages (SE), unless indicated otherwise.
Missing data presented as n (%).
Growth is change in weight z- score between birth and discharge.
*Missing value is regarded as outcome not present.
†If infant died before 36 weeks, BPD status was treated as ‘unknown’; if infant was discharged before 36 weeks, BPD status was treated as negative.
‡Mean (SE).
§Median (IQR).
BPD, bronchopulmonary dysplasia; NEC, necrotising enterocolitis; PN, parenteral nutrition; ROP, retinopathy of prematurity.
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associated with a higher rate of sepsis in a study of enhanced 
compared with standard feeding.28 The preterm brain is espe-
cially susceptible to injury. Our data give cause for caution. 
Despite mortality of very preterm infants decreasing over the 
last two decades, with over 90% of infants surviving, long- term 
morbidity and neurodevelopmental outcomes have not shown 
similar improvements.29–32 The morbidities that we found 
significantly higher in those receiving early PN are those known 
to be associated with adverse long- term neurodevelopment.33–35

A large body of observational evidence in adults suggests 
improved survival with optimised energy and/or protein adminis-
tration during critical illness.36–38 However, over 10 000 patients 
evaluated in several randomised controlled trials of early and/or 
enhanced versus later and/or lower intakes showed no difference 
in mortality.6 39 40 This marked difference between observational 
and interventional studies in relation to survival might suggest 
that adequacy of nutritional intake is a consequence of favour-
able clinical progression rather than its cause.

The strengths of our study are the large sample size, whole- 
population data and the use of propensity- matched analysis to 
balance a large number of baseline variables. The data are of high 
quality as the outcomes are included in the National Neonatal 
Audit Programme and are checked for accuracy by neonatal 
units.41 We addressed possible confounding by changes in nutri-
tional practices over the 12- year study period by matching 
infants on their year of birth. Infants were also matched on the 
level of unit and network of birth, thereby addressing possible 
confounding from unit- specific nutritional practices.

Our study has limitations. Despite matching for all baseline 
variables to ensure balanced groups, there may be residual 
unrecognised confounding from unobserved variables. This 
was a retrospective study using routinely recorded data that 
do not contain detailed information about nutritional intakes; 
thus, we could not match on such data. There was also a high 
degree of missingness for the 2- year outcome data and so we 
were unable to assess this outcome reliably. It is not possible to 
establish whether absence of an impairment being recorded was 
due to the child not attending follow- up or that the impairment 
was not present. When an impairment was missing, we assumed 
that it was not present. The rates of missing values recorded are 
around 70% in the early PN group and around 60% in the late 
PN group. It was not possible to establish the exact timing of 
initiation of PN in hours; only the postnatal day on which it was 
commenced was available. Therefore, the separation between 
the groups in the timing of initiation of PN is not wide and there 
is likely to be an overlap. We might expect any differences in 
outcomes to be even more pronounced with greater separation.

CONCLUSION
In this large, population- based, propensity- matched analysis of 
timing of initiation of PN in very preterm infants, we found 
no difference in morbidity- free survival. However, we found a 
significantly higher survival rate with early PN and higher rates 
of important morbidities. The observational nature of our study 
precludes drawing definitive conclusions that influence prac-
tice but provides justification for a randomised controlled trial, 
powered to study the safety (survival to discharge) as well as the 
efficacy (neurodevelopment) of early PN. There is also a need to 
explore subgroup effects and interactions based on gestational 
age, illness severity and physiological instability.
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Supplementary eFigure 1: Balance plot for the matched treatment groups used 

for primary analysis 

 

The thin horizontal segments are drawn between the imbalance (the scaled difference of the means 

or rates for the two treatment groups) in the entire cohort and its negative.  The black disc is placed at 

the imbalance evaluated for the matched subgroups. The grey strip covers the region of acceptable 

imbalances, (-0.1, 0.1).  The figures at the bottom are the range of imbalances for the entire sample 

(in the middle) and for the matched subgroups (at the right-hand margin).  The average absolute 

balance is 0.134 for the entire sample and 0.0044 for the matched groups. 
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For all categories the suffix Ms denotes missing data. 
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FetusN2: more than one fetus. FetusNm: number of fetusus not known (missing) GAweeks: 

Gestational age in weeks. BirthWZ: birth weight z-score. BirthW: birth weight. BirthHC: Birth head 

circumference. MatAge: maternal age. MatDiab: Maternal diabetes mellitus. PreEcla: maternal pre-

eclampsia. MatGHypT: maternal gestational hypertension. Steroid1: complete course of antenatal 

steroids. Steroid2: incomplete course of antenatal steroids. MagSulph: maternal receipt of magnesium 

sulphate. ProlROM: maternal prolonged rupture of membranes. ChorioA: maternal chorioamnionitis. 

CardMas: chest compressions administered during resuscitation after birth. ResusDrg: emergency 

resuscitation drugs administered during resuscitation after birth. Intubatn: intubation during 

resuscitation after birth. Apgar5mn: Apgar score at 5 minutes. CordpHAr:: cord arterial pH. CordpHve: 

cord venous pH. FstTemp: temperature on admission to NICU. fstAdmBP: mean blood pressure on 

admission to NICU.FstAdmGl: blood glucose level on admission to NICU. FstAdmHR: heart rate on 

admission to NICU. FstAdmRr: respiratory rate on admission to NICU. FstAdm02: oxygen saturation 

on admission to NICU. Inotrop: receipt of inotropes on first postnatal day. Respir: mechanical 

ventilation on first postnatal day. Surfact: receipt of surfactant on first postnatal day. SSepsis: 

suspected sepsis on first postnatal day. PoBlevel1: place of birth in a level 1 neonatal unit. POBlev2: 

place of birth in a level 2 neonatal unit. POBlev3: place of birth in a level 3 neonatal unit. Transfer: 

infant underwent transfer between neonatal units on first postnatal day. Region.L: place of birth in 

London region. Region.M: place of birth in the Midlands. Region.NW: place of birth in North West 

England. Region.O: place of birth in other region (home, in transit, not NHS, not known). Region.SE: 

place of birth in South East England. Region.SW: place of birth in South West England. Region.YN: 

place of birth in Yorkshire and North. (Reference category Region was East of England).  

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Arch Dis Child Fetal Neonatal Ed

 doi: 10.1136/archdischild-2021-322383–6.:10 2021;Arch Dis Child Fetal Neonatal Ed, et al. Uthaya S



 

Supplementary eTable 1 

 

Exclusion criteria: list of major congenital gastrointestinal malformations  

Cleverme
d code 

ICD-10 
code 

Diagnosis 

10741 Q39.0          Oesophageal atresia without distal fistula                                                                

16195 Q39.0          Atresia of oesophagus without fistula                                                                     

10740 Q39.1          Oesophageal atresia with distal tracheo-oesophageal fistula                                 

16196 Q39.1          Atresia of oesophagus with tracheo-oesophageal fistula (TOF)                              

16197 Q39.2          Congenital tracheo-oesophageal fistula without atresia (TOF)                               

10273 Q39.3          Congenital stenosis of the oesophagus                                                                  

16198 Q39.3          Congenital stenosis and stricture of oesophagus                                                   

16199 Q39.4          Oesophageal web                                                                                                   

10358 Q41.0 Duodenal atresia / stenosis / web (specify) 

16212 Q41.0          Congenital absence, atresia and stenosis of duodenum                                        

16213 Q41.0DA    Duodenal atresia / stenosis                                                                                      

10605 Q41.1 Jejunal atresia / stenosis (specify) 

16214 Q41.1JA Jejunal atresia / stenosis 

10541 Q41.2          Ileal atresia / stenosis (specify)                                                                                

16215 Q41.2          Congenital absence, atresia and stenosis of ileum                                                  

16216 Q41.2IA Ileal atresia / stenosis 

16217 Q41.X         Congenital absence, atresia and stenosis of small intestine                                  

16218 Q42.0          Congenital absence, atresia and stenosis of rectum with fistula                            

10496 Q42.00        High anorectal anomaly with rectourethral fistula                                                   

10497 Q42.01        High anorectal anomaly with rectovesical fistula                                                    

10498 Q42.02        High anorectal anomaly with rectovulval fistula                                                      

10495 Q42.03        High anorectal anomaly with rectocutaneous fistula                                                

10494 Q42.04        High anorectal anomaly with rectocloacal fistula                                                    

10493 Q42.08        High anorectal anomaly with fistula (specify)                                                           

10499 Q42.1          High anorectal anomaly without fistula                                                                   

16219 Q42.1          Congenital absence, atresia and stenosis of rectum without fistula                        

16220 Q42.2          Congenital absence, atresia and stenosis of anus with fistula                                 

10636 Q42.20        Low anorectal anomaly with anocutaneous fistula                                                   

10637 Q42.21        Low anorectal anomaly with anovestibular fistula                                                    

10638 Q42.28        Low anorectal anomaly with fistula (other specify)                                                 

10639 Q42.3          Low anorectal anomaly without fistula                                                                    

16221 Q42.3          Congenital absence, atresia and stenosis of anus without fistula                            

10240 Q42.31        Congenital anal stenosis                                                                                          
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16222 Q42.8          
Congenital absence, atresia and stenosis of anus of other  parts of large 
intestine                                                                                                                    

16223 Q429           
Congenital absence, atresia and stenosis of anus of large intestine, part 
unspecified                                                                                                               

16224 Q42X         Congenital absence, atresia and stenosis of large intestine                                    

16235 Q43.7 Persistent cloaca 
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Exclusion criteria: list of life-limiting conditions or conditions requiring surgery in the neonatal 

period  

Clevermed 
code 

ICD-10 
code 

Diagnosis 

15890 Q00.0          Anencephaly                                                                                                             

15891 Q00.1          Craniorachischisis                                                                                                    

15892 Q00.2          Iniencephaly                                                                                                             

15893 Q00.X        Anencephaly and similar malformations                                                                   

15894 Q01.0          Frontal encephalocele                                                                                              

15895 Q01.1          Nasofrontal encephalocele                                                                                       

15896 Q01.2          Occipital encephalocele                                                                                            

15897 Q01.8          Encephalocele of other sites                                                                                    

15898 Q01.9          Encephalocele (unknown or unspecified cause)                                                      

15899 Q01.X        Encephalocele                                                                                                          

15918 Q04.2 Holoprosencephaly 

15926 Q05.0          Cervical spina bifida with hydrocephalus                                                                  

15927 Q05.1          Thoracic spina bifida with hydrocephalus                                                                 

15928 Q05.2          Lumbar spina bifida with hydrocephalus                                                                  

15929 Q05.3          Sacral spina bifida with hydrocephalus                                                                    

15930 Q05.4          (unknown or unspecified cause) spina bifida with hydrocephalus                           

15931 Q05.5          Cervical spina bifida without hydrocephalus                                                             

15932 Q05.6          Thoracic spina bifida without hydrocephalus                                                            

15933 Q05.7          Lumbar spina bifida without hydrocephalus                                                             

15934 Q05.8          Sacral spina bifida without hydrocephalus                                                               

15935 Q05.9          Spina bifida (unknown or unspecified cause)                                                           

10986 Q05.9a        Spina bifida                                                                                                               

10704 Q05.9b        Myelomeningocele (specify site)                                                                              

15936 Q05.X        Spina bifida                                                                                                               

16024 Q20.0          Common arterial trunk (Truncus malformation)                                                        

10356 Q20.1          Double outlet right ventricle (DORV)                                                                        

16025 Q20.1          Double outlet right ventricle (DORV)                                                                        

16026 Q20.2          Double outlet left ventricle (DOLV)                                                                           

11070 Q20.3          Transposition of the great vessels (TGA)                                                                 

16027 Q20.3          Transposition great arteries (TGA)                                                                           

16028 Q20.4          Double inlet ventricle (DILV)                                                                                     

16029 Q20.5          Discordant atrioventricular connection                                                                     

16030 Q20.6          Isomerism of atrial appendages                                                                               

16031 Q20.8          Other cong malforms of cardiac chambers and connections                                    

16032 Q20.9          Cong malforms of cardiac chambers and connections unspec                                

16033 Q20.X        Congenital malformations of cardiac chambers and connections                            

16035 Q20.91        Atrium single                                                                                                             

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Arch Dis Child Fetal Neonatal Ed

 doi: 10.1136/archdischild-2021-322383–6.:10 2021;Arch Dis Child Fetal Neonatal Ed, et al. Uthaya S



16036 Q20.92        Ventricle single                                                                                                         

10097 Q21.2          Atrio-ventricular septal defect (AVSD)                                                                      

16039 Q21.2          Atrioventricular septal defect (AVSD)                                                                       

11043 Q21.3          Tetralogy of Fallot                                                                                                     

16040 Q21.3          Tetralogy of Fallot                                                                                                     

16045 Q22.0          Pulmonary valve atresia                                                                                           

16046 Q22.1          Congenital pulmonary valve stenosis                                                                       

16047 Q22.2          Congenital pulmonary valve insufficiency                                                                 

16048 Q22.3          Other congenital malformations of pulmonary valve                                                

16049 Q22.4          Congenital tricuspid atresia / stenosis                                                                      

16050 Q22.5          Ebstein's anomaly                                                                                                     

16051 Q22.6          Hypoplastic right heart syndrome                                                                             

16052 Q22.8          Other congenital malformations of tricuspid valve                                                    

16053 Q22.9          Congenital malformation of tricuspid valve (unknown or unspecified cause)          

16054 Q22.X        Congenital malformations of pulmonary and tricuspid valves                                  

16055 Q23.0          Congenital stenosis of aortic valve (AS)                                                                   

16056 Q23.1          Congenital insufficiency of aortic valve                                                                     

16057 Q23.2          Congenital mitral stenosis  (MS)                                                                               

16058 Q23.3          Mitral atresia                                                                                                             

16059 Q23.4          Hypoplastic left heart syndrome (HLH)                                                                     

16060 Q23.8          Other congenital malformations of aortic and mitral valves                                      

16061 Q23.9          Congenital malformation of aortic and mitral valves unspec                                    

16062 Q23.X        Congenital malformations of aortic and mitral valves                                               

16079 Q25.1          Coarctation of aorta                                                                                                  

10227 Q25.19        Coarctation of the aorta                                                                                            

16080 Q25.2          Hypoplasia of aortic arch                                                                                          

16081 Q25.3          Stenosis of aorta (AS)                                                                                              

16082 Q25.4          Malformation of aorta                                                                                                

16083 Q25.5          Atresia of pulmonary artery                                                                                      

16084 Q25.6          Stenosis of pulmonary artery (PS)                                                                            

16086 Q25.8          Other congenital malformations of great arteries                                                     

16087 Q25.8          Transposition of the great vessels (TGA)                                                                 

11057 Q26.2          Total anomylous pulmonary venous drainage (TAPVD)                                          

16092 Q26.2          Total anomalous pulmonary venous connection (TAPVD)                                       

16154 Q33.6 Hypoplasia and dysplasia of lung 

16241 Q44.2 Atresia of bile ducts 

10123 Q60.1          Bilateral renal agenesis                                                                                            

16318 Q60.1B      Renal agenesis, bilateral                                                                                          

16324 Q60.6          Potter's syndrome                                                                                                     

16327 Q61.1          Polycystic kidney, infantile type                                                                                

10100 Q61.1a        Autosomal recessive polycystic kidney - infantile                                                     
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10367 Q64.1          Ectopia vesicae                                                                                                        

16356 Q64.1          Exstrophy of urinary bladder                                                                                     

10854 Q64.2          Posterior urethral valves (PUV)                                                                                

16357 Q64.2          Congenital posterior urethral valves (PUV)                                                              

16360 Q64.5          Congenital absence of bladder and urethra                                                             

10008 Q64.5a        Absence of bladder                                                                                                   

10236 Q64.5b        Congenital absence of urethra                                                                                 

16475 Q77.1          Thanatophoric short stature                                                                                      

10246 Q79.0 Congenital diaphragmatic hernia 

10490 Q79.0          Hernia into the cord                                                                                                  

16495 Q79.0          Congenital diaphragmatic hernia                                                                              

16496 Q79.1A      Aplasia of diaphragm                                                                                                

16497 Q79.1E      Eventration of diaphragm                                                                                         

16498 Q79.2 Exomphalos 

10395 Q79.2          Exomphalos                                                                                                              

16499 Q79.3 Gastroschisis 

16589 Q90.0          Trisomy 21, meiotic nondisjunction                                                                          

16590 Q90.1          Trisomy 21, mosaicism (mitotic nondisjunction)                                                       

16591 Q90.2          Trisomy 21, translocation                                                                                         

16592 Q90.9          Down's syndrome (unknown or unspecified cause)                                                 

16593 Q90.X        Down's syndrome                                                                                                     

16594 Q91.0          Trisomy 18, meiotic nondisjunction                                                                          

16595 Q91.1          Trisomy 18, mosaicism (mitotic nondisjunction)                                                       

16596 Q91.2          Trisomy 18, translocation                                                                                         

16597 Q91.3          Edwards' syndrome (unknown or unspecified cause)                                              

16598 Q91.4          Trisomy 13, meiotic nondisjunction                                                                          

16599 Q91.5          Trisomy 13, mosaicism (mitotic nondisjunction)                                                       

16600 Q91.6          Trisomy 13, translocation                                                                                         

16601 Q91.7          Patau's syndrome (unknown or unspecified cause)                                                 

16602 Q91.X        Edwards' syndrome and Patau's syndrome                                                             
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Supplementary eTable 2 
 
Deaths by days from birth: numbers, percentages and cumulative percentages 
from birth 
 
 
 

 Early (N) Early (%) 
Early (% 

cum) 
Late (N) Late (%) 

Late (% 

cum) 

Day 1 271 0.6 0.6 89 0.4 0.4 

Day 2 367 0.8 1.5 650 3 3.4 

Day 3 360 0.8 2.3 217 1 4.4 

Day 4 226 0.5 2.8 103 0.5 4.9 

Day 5 188 0.4 3.3 63 0.3 5.2 

Day 6 156 0.4 3.6 74 0.3 5.5 

Day 7 172 0.4 4 49 0.2 5.8 

Days 8-28 1577 3.6 7.6 415 1.9 7.7 

Days 28+ 1117 2.6 10.2 349 1.6 9.3 

Survived 38975 89.8  19541 90.7  

 
 
Cum: cumulative 
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Supplementary eTable 3 
 
Numbers of babies in groups based on three principal background variables  
 
 

Numbers of 
babies   
  

2008 - 2011 2012-2015 2016- 2019 

  
  

Early 
  

Late 
  

Early  Late Early Late 

Total babies 9782 10,017 15,977 6740 17,677 4840 

GA 23-25  2180    1275    3513    671    3773   444 

GA 26-27 2963    1825    4245    867    4426   534 

GA 28-30 4639    6917    8219 5202    9478 3862 

Multiple birth             

 
 
Singleton 
Twin 
2+ fetuses 
  
  

 7195 
 2332 
   255 

  7571 
  2212 
    234 

 11,867 
   3705 
    405 

 5029 
 1555 
   156 

 13,255 
   4067 
     355 

 3591 
 1159 
     90 
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Supplementary eFigure 1: Balance plot for the matched treatment groups used 

for primary analysis 

 

The thin horizontal segments are drawn between the imbalance (the scaled difference of the means 

or rates for the two treatment groups) in the entire cohort and its negative.  The black disc is placed at 

the imbalance evaluated for the matched subgroups. The grey strip covers the region of acceptable 

imbalances, (-0.1, 0.1).  The figures at the bottom are the range of imbalances for the entire sample 

(in the middle) and for the matched subgroups (at the right-hand margin).  The average absolute 

balance is 0.134 for the entire sample and 0.0044 for the matched groups. 

 

Abbreviations 

For all categories the suffix Ms denotes missing data. 
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FetusN2: more than one fetus. FetusNm: number of fetusus not known (missing) GAweeks: 

Gestational age in weeks. BirthWZ: birth weight z-score. BirthW: birth weight. BirthHC: Birth head 

circumference. MatAge: maternal age. MatDiab: Maternal diabetes mellitus. PreEcla: maternal pre-

eclampsia. MatGHypT: maternal gestational hypertension. Steroid1: complete course of antenatal 

steroids. Steroid2: incomplete course of antenatal steroids. MagSulph: maternal receipt of magnesium 

sulphate. ProlROM: maternal prolonged rupture of membranes. ChorioA: maternal chorioamnionitis. 

CardMas: chest compressions administered during resuscitation after birth. ResusDrg: emergency 

resuscitation drugs administered during resuscitation after birth. Intubatn: intubation during 

resuscitation after birth. Apgar5mn: Apgar score at 5 minutes. CordpHAr:: cord arterial pH. CordpHve: 

cord venous pH. FstTemp: temperature on admission to NICU. fstAdmBP: mean blood pressure on 

admission to NICU.FstAdmGl: blood glucose level on admission to NICU. FstAdmHR: heart rate on 

admission to NICU. FstAdmRr: respiratory rate on admission to NICU. FstAdm02: oxygen saturation 

on admission to NICU. Inotrop: receipt of inotropes on first postnatal day. Respir: mechanical 

ventilation on first postnatal day. Surfact: receipt of surfactant on first postnatal day. SSepsis: 

suspected sepsis on first postnatal day. PoBlevel1: place of birth in a level 1 neonatal unit. POBlev2: 

place of birth in a level 2 neonatal unit. POBlev3: place of birth in a level 3 neonatal unit. Transfer: 

infant underwent transfer between neonatal units on first postnatal day. Region.L: place of birth in 

London region. Region.M: place of birth in the Midlands. Region.NW: place of birth in North West 

England. Region.O: place of birth in other region (home, in transit, not NHS, not known). Region.SE: 

place of birth in South East England. Region.SW: place of birth in South West England. Region.YN: 

place of birth in Yorkshire and North. (Reference category Region was East of England).  
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Supplementary eTable 1 

 

Exclusion criteria: list of major congenital gastrointestinal malformations  

Cleverme
d code 

ICD-10 
code 

Diagnosis 

10741 Q39.0          Oesophageal atresia without distal fistula                                                                

16195 Q39.0          Atresia of oesophagus without fistula                                                                     

10740 Q39.1          Oesophageal atresia with distal tracheo-oesophageal fistula                                 

16196 Q39.1          Atresia of oesophagus with tracheo-oesophageal fistula (TOF)                              

16197 Q39.2          Congenital tracheo-oesophageal fistula without atresia (TOF)                               

10273 Q39.3          Congenital stenosis of the oesophagus                                                                  

16198 Q39.3          Congenital stenosis and stricture of oesophagus                                                   

16199 Q39.4          Oesophageal web                                                                                                   

10358 Q41.0 Duodenal atresia / stenosis / web (specify) 

16212 Q41.0          Congenital absence, atresia and stenosis of duodenum                                        

16213 Q41.0DA    Duodenal atresia / stenosis                                                                                      

10605 Q41.1 Jejunal atresia / stenosis (specify) 

16214 Q41.1JA Jejunal atresia / stenosis 

10541 Q41.2          Ileal atresia / stenosis (specify)                                                                                

16215 Q41.2          Congenital absence, atresia and stenosis of ileum                                                  

16216 Q41.2IA Ileal atresia / stenosis 

16217 Q41.X         Congenital absence, atresia and stenosis of small intestine                                  

16218 Q42.0          Congenital absence, atresia and stenosis of rectum with fistula                            

10496 Q42.00        High anorectal anomaly with rectourethral fistula                                                   

10497 Q42.01        High anorectal anomaly with rectovesical fistula                                                    

10498 Q42.02        High anorectal anomaly with rectovulval fistula                                                      

10495 Q42.03        High anorectal anomaly with rectocutaneous fistula                                                

10494 Q42.04        High anorectal anomaly with rectocloacal fistula                                                    

10493 Q42.08        High anorectal anomaly with fistula (specify)                                                           

10499 Q42.1          High anorectal anomaly without fistula                                                                   

16219 Q42.1          Congenital absence, atresia and stenosis of rectum without fistula                        

16220 Q42.2          Congenital absence, atresia and stenosis of anus with fistula                                 

10636 Q42.20        Low anorectal anomaly with anocutaneous fistula                                                   

10637 Q42.21        Low anorectal anomaly with anovestibular fistula                                                    

10638 Q42.28        Low anorectal anomaly with fistula (other specify)                                                 

10639 Q42.3          Low anorectal anomaly without fistula                                                                    

16221 Q42.3          Congenital absence, atresia and stenosis of anus without fistula                            

10240 Q42.31        Congenital anal stenosis                                                                                          
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16222 Q42.8          
Congenital absence, atresia and stenosis of anus of other  parts of large 
intestine                                                                                                                    

16223 Q429           
Congenital absence, atresia and stenosis of anus of large intestine, part 
unspecified                                                                                                               

16224 Q42X         Congenital absence, atresia and stenosis of large intestine                                    

16235 Q43.7 Persistent cloaca 
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Exclusion criteria: list of life-limiting conditions or conditions requiring surgery in the neonatal 

period  

Clevermed 
code 

ICD-10 
code 

Diagnosis 

15890 Q00.0          Anencephaly                                                                                                             

15891 Q00.1          Craniorachischisis                                                                                                    

15892 Q00.2          Iniencephaly                                                                                                             

15893 Q00.X        Anencephaly and similar malformations                                                                   

15894 Q01.0          Frontal encephalocele                                                                                              

15895 Q01.1          Nasofrontal encephalocele                                                                                       

15896 Q01.2          Occipital encephalocele                                                                                            

15897 Q01.8          Encephalocele of other sites                                                                                    

15898 Q01.9          Encephalocele (unknown or unspecified cause)                                                      

15899 Q01.X        Encephalocele                                                                                                          

15918 Q04.2 Holoprosencephaly 

15926 Q05.0          Cervical spina bifida with hydrocephalus                                                                  

15927 Q05.1          Thoracic spina bifida with hydrocephalus                                                                 

15928 Q05.2          Lumbar spina bifida with hydrocephalus                                                                  

15929 Q05.3          Sacral spina bifida with hydrocephalus                                                                    

15930 Q05.4          (unknown or unspecified cause) spina bifida with hydrocephalus                           

15931 Q05.5          Cervical spina bifida without hydrocephalus                                                             

15932 Q05.6          Thoracic spina bifida without hydrocephalus                                                            

15933 Q05.7          Lumbar spina bifida without hydrocephalus                                                             

15934 Q05.8          Sacral spina bifida without hydrocephalus                                                               

15935 Q05.9          Spina bifida (unknown or unspecified cause)                                                           

10986 Q05.9a        Spina bifida                                                                                                               

10704 Q05.9b        Myelomeningocele (specify site)                                                                              

15936 Q05.X        Spina bifida                                                                                                               

16024 Q20.0          Common arterial trunk (Truncus malformation)                                                        

10356 Q20.1          Double outlet right ventricle (DORV)                                                                        

16025 Q20.1          Double outlet right ventricle (DORV)                                                                        

16026 Q20.2          Double outlet left ventricle (DOLV)                                                                           

11070 Q20.3          Transposition of the great vessels (TGA)                                                                 

16027 Q20.3          Transposition great arteries (TGA)                                                                           

16028 Q20.4          Double inlet ventricle (DILV)                                                                                     

16029 Q20.5          Discordant atrioventricular connection                                                                     

16030 Q20.6          Isomerism of atrial appendages                                                                               

16031 Q20.8          Other cong malforms of cardiac chambers and connections                                    

16032 Q20.9          Cong malforms of cardiac chambers and connections unspec                                

16033 Q20.X        Congenital malformations of cardiac chambers and connections                            

16035 Q20.91        Atrium single                                                                                                             
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16036 Q20.92        Ventricle single                                                                                                         

10097 Q21.2          Atrio-ventricular septal defect (AVSD)                                                                      

16039 Q21.2          Atrioventricular septal defect (AVSD)                                                                       

11043 Q21.3          Tetralogy of Fallot                                                                                                     

16040 Q21.3          Tetralogy of Fallot                                                                                                     

16045 Q22.0          Pulmonary valve atresia                                                                                           

16046 Q22.1          Congenital pulmonary valve stenosis                                                                       

16047 Q22.2          Congenital pulmonary valve insufficiency                                                                 

16048 Q22.3          Other congenital malformations of pulmonary valve                                                

16049 Q22.4          Congenital tricuspid atresia / stenosis                                                                      

16050 Q22.5          Ebstein's anomaly                                                                                                     

16051 Q22.6          Hypoplastic right heart syndrome                                                                             

16052 Q22.8          Other congenital malformations of tricuspid valve                                                    

16053 Q22.9          Congenital malformation of tricuspid valve (unknown or unspecified cause)          

16054 Q22.X        Congenital malformations of pulmonary and tricuspid valves                                  

16055 Q23.0          Congenital stenosis of aortic valve (AS)                                                                   

16056 Q23.1          Congenital insufficiency of aortic valve                                                                     

16057 Q23.2          Congenital mitral stenosis  (MS)                                                                               

16058 Q23.3          Mitral atresia                                                                                                             

16059 Q23.4          Hypoplastic left heart syndrome (HLH)                                                                     

16060 Q23.8          Other congenital malformations of aortic and mitral valves                                      

16061 Q23.9          Congenital malformation of aortic and mitral valves unspec                                    

16062 Q23.X        Congenital malformations of aortic and mitral valves                                               

16079 Q25.1          Coarctation of aorta                                                                                                  

10227 Q25.19        Coarctation of the aorta                                                                                            

16080 Q25.2          Hypoplasia of aortic arch                                                                                          

16081 Q25.3          Stenosis of aorta (AS)                                                                                              

16082 Q25.4          Malformation of aorta                                                                                                

16083 Q25.5          Atresia of pulmonary artery                                                                                      

16084 Q25.6          Stenosis of pulmonary artery (PS)                                                                            

16086 Q25.8          Other congenital malformations of great arteries                                                     

16087 Q25.8          Transposition of the great vessels (TGA)                                                                 

11057 Q26.2          Total anomylous pulmonary venous drainage (TAPVD)                                          

16092 Q26.2          Total anomalous pulmonary venous connection (TAPVD)                                       

16154 Q33.6 Hypoplasia and dysplasia of lung 

16241 Q44.2 Atresia of bile ducts 

10123 Q60.1          Bilateral renal agenesis                                                                                            

16318 Q60.1B      Renal agenesis, bilateral                                                                                          

16324 Q60.6          Potter's syndrome                                                                                                     

16327 Q61.1          Polycystic kidney, infantile type                                                                                

10100 Q61.1a        Autosomal recessive polycystic kidney - infantile                                                     
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10367 Q64.1          Ectopia vesicae                                                                                                        

16356 Q64.1          Exstrophy of urinary bladder                                                                                     

10854 Q64.2          Posterior urethral valves (PUV)                                                                                

16357 Q64.2          Congenital posterior urethral valves (PUV)                                                              

16360 Q64.5          Congenital absence of bladder and urethra                                                             

10008 Q64.5a        Absence of bladder                                                                                                   

10236 Q64.5b        Congenital absence of urethra                                                                                 

16475 Q77.1          Thanatophoric short stature                                                                                      

10246 Q79.0 Congenital diaphragmatic hernia 

10490 Q79.0          Hernia into the cord                                                                                                  

16495 Q79.0          Congenital diaphragmatic hernia                                                                              

16496 Q79.1A      Aplasia of diaphragm                                                                                                

16497 Q79.1E      Eventration of diaphragm                                                                                         

16498 Q79.2 Exomphalos 

10395 Q79.2          Exomphalos                                                                                                              

16499 Q79.3 Gastroschisis 

16589 Q90.0          Trisomy 21, meiotic nondisjunction                                                                          

16590 Q90.1          Trisomy 21, mosaicism (mitotic nondisjunction)                                                       

16591 Q90.2          Trisomy 21, translocation                                                                                         

16592 Q90.9          Down's syndrome (unknown or unspecified cause)                                                 

16593 Q90.X        Down's syndrome                                                                                                     

16594 Q91.0          Trisomy 18, meiotic nondisjunction                                                                          

16595 Q91.1          Trisomy 18, mosaicism (mitotic nondisjunction)                                                       

16596 Q91.2          Trisomy 18, translocation                                                                                         

16597 Q91.3          Edwards' syndrome (unknown or unspecified cause)                                              

16598 Q91.4          Trisomy 13, meiotic nondisjunction                                                                          

16599 Q91.5          Trisomy 13, mosaicism (mitotic nondisjunction)                                                       

16600 Q91.6          Trisomy 13, translocation                                                                                         

16601 Q91.7          Patau's syndrome (unknown or unspecified cause)                                                 

16602 Q91.X        Edwards' syndrome and Patau's syndrome                                                             
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Supplementary eTable 2 
 
Deaths by days from birth: numbers, percentages and cumulative percentages 
from birth 
 
 
 

 Early (N) Early (%) 
Early (% 

cum) 
Late (N) Late (%) 

Late (% 

cum) 

Day 1 271 0.6 0.6 89 0.4 0.4 

Day 2 367 0.8 1.5 650 3 3.4 

Day 3 360 0.8 2.3 217 1 4.4 

Day 4 226 0.5 2.8 103 0.5 4.9 

Day 5 188 0.4 3.3 63 0.3 5.2 

Day 6 156 0.4 3.6 74 0.3 5.5 

Day 7 172 0.4 4 49 0.2 5.8 

Days 8-28 1577 3.6 7.6 415 1.9 7.7 

Days 28+ 1117 2.6 10.2 349 1.6 9.3 

Survived 38975 89.8  19541 90.7  

 
 
Cum: cumulative 
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Supplementary eTable 3 
 
Numbers of babies in groups based on three principal background variables  
 
 

Numbers of 
babies   
  

2008 - 2011 2012-2015 2016- 2019 

  
  

Early 
  

Late 
  

Early  Late Early Late 

Total babies 9782 10,017 15,977 6740 17,677 4840 

GA 23-25  2180    1275    3513    671    3773   444 

GA 26-27 2963    1825    4245    867    4426   534 

GA 28-30 4639    6917    8219 5202    9478 3862 

Multiple birth             

 
 
Singleton 
Twin 
2+ fetuses 
  
  

 7195 
 2332 
   255 

  7571 
  2212 
    234 

 11,867 
   3705 
    405 

 5029 
 1555 
   156 

 13,255 
   4067 
     355 

 3591 
 1159 
     90 
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