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Abstract

Objective: Extrauterine growth restriction (EUGR) among very preterm infants is
related to poor neurodevelopment, but lack of consensus on EUGR measurement
constrains international research. Our aim was to compare EUGR prevalence in a
European very preterm cohort using commonly-used measures.

Design: Population-based observational study.

Setting: 19 regions in 11 European countries.

Patients: 6,792 very preterm infants born before 32 weeks’ gestational age (GA)
surviving to discharge.

Main outcome measures: We investigated two measures based on discharge-weight
percentiles with (1) Fenton and (2) Intergrowth (IG) charts and two based on growth
velocity (1) Birthweight and discharge-weight Z-score differences using Fenton charts
(2) Weight-gain velocity using Patel’s model. We estimated country-level relative risks
of EUGR adjusting for maternal and neonatal characteristics and associations with
population differences in healthy newborn size, measured by mean national
birthweight at 40 weeks’ GA.

Results: About two-fold differences in EUGR prevalence were observed between
countries for all indicators and these persisted after case-mix adjustment. Discharge
weight <10™ percentile using Fenton charts varied from 24% (Sweden) to 60%
(Portugal) and using 1G from 13% (Sweden) to 43% (Portugal), while low weight-gain
velocity ranged from 35% (Germany) to 62% (UK). Mean term birthweight was strongly
correlated with both percentile-based measures (Spearman's rho = -0.90 Fenton, -0.84
|G, P<0.01), but not Patel’s weight-gain velocity (rho: -0.38, P=0.25).

Conclusions: Very preterm infants have a high prevalence of EUGR, with wide

variations between countries in Europe. Variability associated with mean term
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birthweight when using common postnatal growth charts complicates international

benchmarking.

Key words: Extrauterine growth restriction, suboptimal growth, very preterm infants,

growth velocity, delta Z-scores, percentile norms.



Introduction

Despite progress in the survival of very preterm infants, they remain at significantly
higher risk of health and developmental problems than term infants’. One promising
area to enhance their prognosis is postnatal nutrition and growth as poor postnatal
growth is prevalent in this population.?® Studies have related extrauterine growth
restriction (EUGR) to neurodevelopmental impairment, and pulmonary and metabolic

morbidity in childhood and adulthood*?.

International comparisons could provide important benchmarks for evaluating
postnatal growth and generate hypotheses to improve nutrition in the neonatal unit.
For instance, unit variations in nutritional protocols® or in neonatal morbidities
impacting growth may affect EUGR prevalence. A growing number of international
collaborations, such as the International Network for Evaluating Outcomes of
Neonates'? and the Effective Perinatal Intensive Care in Europe project!!, have raised
questions about between-country practice differences related to neonatal mortality and

morbidity'®'2, but few have focused on postnatal growth.

One difficulty for international research is the absence of consensual measures of
postnatal growth for use in multiple settings. Growth indicators can be point measures,
describing whether the child is growth restricted at discharge or at another time point,
or capture growth velocity, either in absolute terms (grams per kilogram per day) or as
the difference in normalised weight for gestational age (GA)/post menstrual age (PMA).
However, to construct measures based on percentiles or Z-scores, agreement is
required on appropriate norms'3. There is an on-going debate regarding whether
growth after very preterm birth should mirror the normal growth in-utero, as suggested

by the American Academy of Pediatrics or whether healthy postnatal growth among



very preterm infants is different'*. Another debate centres on whether growth charts
should be country specific or whether universal prescriptive standards such as the

WHO 2006 child growth standards are more suitable''”.

Our aim was to compare EUGR prevalence among very preterm neonates in European
countries based on currently used measures and to assess how the choice of measure
affects prevalence estimates and between-country variation. We also investigated
whether these measures are associated with population differences in infant size at

birth, determined by the country’s mean birthweight at 40 weeks of gestation.

Methods

Data source and population

Data are from the population-based EPICE cohort of births before 32 weeks of
gestation in 2011/2012 from 19 regions in 11 countries''. Data were abstracted from
obstetrical and neonatal medical records and infants were followed up until death or
discharge home from the hospital.

Our study population included infants discharged home or to domiciliary care before
50 weeks PMA'8. The 50 week cut-off was selected because the Fenton growth charts
used in two indicators are truncated at 50 weeks. From 6792 infants surviving to
discharge, exclusions were: discharge to institutional care (N=219), PMA =50 weeks
(N=99), missing weight at discharge (N=121) or PMA (N=15), severe congenital
anomalies (N=61) as defined previously'8, unrealistic growth velocity, +4 SD from the

mean (N=18). Our final sample included 6259 infants (Supplementary figure 1).

Measures of postnatal growth



We selected four indicators applicable to discharge weight that were commonly used
or recently suggested approaches in the literature. Two measures are based on
discharge-weight percentiles and two on growth velocity between birth and discharge
(Table 1). The percentile measures are derived from Fenton’s postnatal growth
charts'® and the Intergrowth-215t (IG) prescriptive charts?®. Measures of velocity are Z-
score differences between discharge weight and birthweight using Fenton charts
(Fenton delta Z-score)'® and average growth velocity in grams per kg of weight per day
based on birthweight, discharge weight and number of days of hospitalization
proposed by Patel (Patel’s weight-gain velocity)?'.

Because there is no consensus for the thresholds to define EUGR, we selected the
most commonly used thresholds to permit comparison with previous research: <10
percentile for discharge-weight percentiles, <-1 SD change for Fenton delta Z-score.
Severe EUGR thresholds of <3" percentile were used for discharge-weight percentiles
and <-2 SD change for Fenton delta Z-score. For Patel’'s weight-gain velocity, we
defined EUGR as a velocity less than the median in our sample following the
convention used by the Vermont Oxford Network(VON)?? to construct a composite
quality indicator?®. For severe EUGR, we selected a threshold based on the first
quartile. To assess consistency across measures, we classified infants as having no

EUGR by all measures, EUGR by some measures and EUGR by all measures.

Analysis strategy

We first described maternal and newborn characteristics and the four postnatal growth
indicators overall and by country. We then used generalized linear regression models
with a Poisson distribution and robust standard errors to estimate unadjusted and

adjusted relative risks (RR) of EUGR by country using the mean of all countries as the



reference. Clustering within multiple pairs was accounted for. The aim was to assess
whether variation between countries could be explained by differences in population

characteristics.

Co-variables were maternal and newborn characteristics hypothesized to affect growth
and that differed across countries: maternal age, parity, foreign-born mothers, GA in
exact weeks, small for GA (SGA), sex, severe neonatal morbidity (composite of
intraventricular hemorrhage grade Il or |V, cystic periventricular leukomalacia,
retinopathy of prematurity stages I11-V), surgery for necrotizing enterocolitis or patent
ductus arteriosus (PDA), confirmed late onset sepsis and bronchopulmonary dysplasia
(BPD) (respiratory assistance or oxygen at 36 weeks PMA). SGA was defined using
intrauterine European references developed for the EPICE population®*. We used
these references to ensure consistency across models for all dependent variables, but
we carried out sensitivity analyses using Fenton and |G references (see below).
Missing data were under 2%, except for breastfeeding (2.9%) and mother's country of

birth or ethnicity (6.9%).

We then assessed correlations between unadjusted and adjusted RR for countries with
the birthweight of healthy newborns. Country-level birthweight at 40 weeks of gestation
was used as a proxy for healthy newborn size. These data come from the Euro-Peristat
project which monitors perinatal indicators in Europe®® and were used previously to
analysis SGA in participating countries®*. We used scatter plots and Spearman’s rank

test to assess correlations.

We conducted analyses to assess the sensitivity of the adjusted country RR to model
specification by (1) adding two variables which depend on hospital policies and were

therefore not included in case-mix models: breastfeeding at discharge and PMA at



discharge; (2) removing foreign-born women and (3) using Fenton and IG references

to define SGA when analysing indicators constructed with these norms.

Ethical approval was obtained in each country; the European database was approved
by the French Advisory Committee on Use of Health Data in Medical Research
(CCTIRSN®°13.020) and the French National Commission for Data Protection and

Liberties (CNILN°DR-2013-194).

Results

Infants had a mean GA of 29.4 weeks and PMA at discharge of 37.9 weeks (Table 2).
Average weight was 1260 grams at birth and 2500 grams at discharge. About 10% had
at least one severe neonatal morbidity, not including BPD, 13% had BPD and 20%
were SGA (<3 centile); about 60% were receiving some breastmilk at discharge. All

characteristics, except infant sex, differed significantly by country.

Table 3 presents the postnatal growth indicators overall and by country. Fenton charts
classified 45% of infants below the 10" percentile versus 30% using IG charts. For
velocity measures, 59% infants had a Fenton delta Z-score more than 1 SD lower at
discharge than at birth. For Patel’s weight-gain velocity, the median, representing the
threshold for EUGR was 11.9 g/kg/day (SD 2.9). Overall, 23% of infants were not
EUGR by any indicator and 17% were EUGR by all four indicators. EUGR ranged from
24% to 60% across countries using Fenton percentiles, from 13% to 43% using 1G
percentiles, from 39% to 72% for the Fenton delta Z-score and from 35% to 62% for
Patel's weight-gain velocity. Infants from the UK and Portugal tended to be more

growth restricted for all indicators, while Swedish and German infants had lower EUGR
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prevalence based on velocity measures. Classification as EUGR by all indicators

ranged from 2% (Sweden) to 26% (UK).

Figures 1 and 2 plot the association of unadjusted and adjusted country RR for EUGR
with the country’s mean birthweight at 40 weeks of GA. Adjustment for case-mix had
a modest impact on country differences, despite associations with maternal and
neonatal characteristics (risk adjustment models in supplementary tables 1 to 4).
Measures of EUGR were negatively associated with severe neonatal morbidity and
lower GA (except for Patel’s weight-gain velocity). Being SGA at birth had a negative
association with percentile measures, but a positive association with velocity

measures. Being foreign born was not associated with any EUGR measure.

After adjustment, country RRs of being EUGR defined by Fenton and IG percentiles,
compared to the sample average, varied from lows of 0.6 (95%CI 0.5-0.7) and 0.5
(95%CI 0.4-0.7), respectively, in Sweden to highs of 1.5 (95%CI 1.4-1.6) and 1.7
(95%CI 1.5-1.8) in Portugal. For the two velocity indicators, RR varied from lows of
0.7 (95%ClI 0.7-0.8) and 0.9 (95%ClI 0.7 -0.9), respectively, in Germany to highs of

1.3 (95%Cl 1.3-1.4) and 1.3 (95%CI 1.3 —1.4) in the UK.

Adjusted RR, based on discharge percentiles, were strongly correlated with national
mean birthweight at 40 weeks of GA for both Fenton and |G charts (Spearman’s p =-
0.90, P<0.01 and -0.84, P<0.01, respectively). An attenuated negative correlation was
obtained for EUGR defined by the Fenton delta Z-score (p=-0.54, P=0.09) and the
association was not significant for Patel's weight-gain velocity (p= 0.38, P=0.25).
Results were similar for severe EUGR, although the correlation coefficient was higher
for Fenton delta Z-score (Supplemental Figures 2, 3). Sensitivity analyses using

adjusted RR from models including breastfeeding and PMA with alternative SGA
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measures and removing foreign-born women yielded similar correlation coefficients

(Supplemental Table 5).

Discussion

This study found high EUGR prevalence at discharge from hospital for very preterm
infants based on four commonly-used indicators with wide variation across regions in
11 European countries. Variation between countries was strongly associated with
average country birthweight at 40 weeks’ GA when prevalence was based on
discharge percentiles: from 60% in Portugal (average birthweight of 3370 grams) to
24% in Sweden (3658 grams) using Fenton’s charts and 43% to 13% using |G charts.
These associations persisted after adjustment for population case-mix. National
birthweight was not significantly correlated with Patel’s weight-gain velocity measure,
but high variation remained in EUGR prevalence from 35% in Germany to 62% in the
UK. These results support the use of country-specific rather than international
references for identifying infants with EUGR and reveal substantial unexplained

variation between countries that raises questions for clinical practice and research.

Strengths and limitations

This study provides novel data on postnatal growth in very preterm infants in Europe
from a large, population-based sample. A common pretested protocol ensured
consistency in inclusion criteria and standardized case-mix variables?®. Limitations are
the assessment of weight only at birth and at discharge. More measurements during
the neonatal period taken at the same time points, such as 36 weeks PMA, would be
needed for exploration of growth patterns. Reassuringly, although discharge timing

varied between countries?’, sensitivity analyses adjusting for PMA at discharge did not
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affect results. Another limitation is that our focus on weight means that our results do
not apply to other growth parameters, including length and head circumference, and
this constitutes an area for further research®28. Finally, we could not provide data on
unit policies, such as milk fortification, and nutritional intake, required for further

investigation of between country differences.

Our study results are consistent with previous studies, which also document high
variation across settings. EUGR prevalence based on Fenton percentiles varied from
26.3% among infants with GA <31 weeks in 18 centres in New York to 50% in the VON
very low birthweight population®22%, EUGR estimates based on |G percentiles ranged
between 18% in Victoria, Australia® to 45% in an Indian tertiary centre®°. Studies using
Fenton delta Z-scores have reported means between -0.5 and -1.242829.31-35 ' whereas

for Patel’'s weight-gain velocity, means varied from 11.4 to 13.1 g/kg/day?231.32.35.36

By including all four indicators, we were able to document inconsistency in EUGR
classifications which affected 60% of the sample. A recent UK study similarly noted
large differences when comparing EUGR based on national versus |G charts,
concluding for more research to justify the choice of one measure over another®.
Fenton charts yields higher EUGR rates because norms for PMA at discharge are
derived principally from children born at term, whereas the G charts model growth in
a healthy preterm population. Although IG curves have been criticized because they
were constructed on a small sample of 201 preterm infants3’, when followed up at two
years, they had a median weight similar to the WHO charts (53 percentile)3®.
However, studies have not evaluated outcomes of children classified as non-EUGR by

the IG charts. In two studies comparing velocity indicators, authors concluded in favour
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of delta Z-scores, because they take into consideration sex and PMA?36:3°, However,
for the VON NICU quality score, Patel’'s weight gain velocity was chosen. Our results
illustrate the importance of further research to identify which measure best captures

health risks associated with poor growth.

Our study revealed strong correlations between percentile indicators and mean country
term birthweight. These results are relevant to the on-going debate about the use of
common versus country-specific norms340 as it is highly unlikely that these variations
reflect true differences in EUGR. As others have suggested, local curves may be more
suitable for postnatal growth monitoring and comparisons because of population
anthropometric variation333740_ |In contrast, velocity measures were less associated
with mean term birthweight, making their use in cross-national settings more

straightforward.

Variability exists in Europe in NICU nutritional and other management protocols for
enteral feeding, parenteral nutrient supply, management of fresh mother’s milk or
milk bank availability, fortification of breastmilk*' and parental presence in the
NICU#. In addition to their impact on growth, different protocols may affect risks of
neonatal morbidities which interfere with growth, such as necrotizing enterocolitis,
BPD and late-onset sepsis*®. Reinforcing knowledge about feeding strategies that
promote healthy growth is a priority; recent studies have identified nutritional
practices and interventions associated with better postnatal growth and respiratory
outcomes, including high volume feeding, protein enriched diets, early initiation of
parental nutrition, greater use of breastmilk and not withholding feeding in patients

with morbidities?2%44-47_ Observational studies show the potential for improvement. In
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the New York study cited above, EUGR prevalence declined after an intervention
from 33% in 2010 to 26% in 201329, while Patel’s growth-velocity measure improved
by 14% from 2000 to 2013 in the VON Network?? and Fenton’s delta Z-score <-1SD

declined from 47% to 38% in California between 2005 and 201235,

Conclusion

Our study reveals high EUGR prevalence among very preterm infants and wide
variations between European countries regardless of the indicator used. The strong
correlations with birthweight at term suggest that part of this variation arises from
population anthropometric differences. However, variation also exists in velocity
measures that are independent of term birthweight. These wide differences between
countries provide an incentive to understand how nutritional and other policies in the
neonatal unit affect growth and can be improved to reduce EUGR in this high-risk

population.
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“What is already known on this topic”

Very preterm neonates have high prevalence of postnatal growth restriction
following discharge from the hospital.

Very preterm neonates are at significantly higher risk of neurodevelopmental
impairment and respiratory and metabolic complications than term infants.

There are no consensual measures to identify very preterm neonates with
postnatal growth restriction for use in multiple settings.

“What this study adds”

Extrauterine growth restriction is highly prevalent among preterm infants in
Europe with wide variation between countries.

Some between country-variation reflects mean term birthweight as shown by
strong correlations between the prevalence of extrauterine growth restriction
and the birthweight of term newborns.

Discordance between commonly-used postnatal growth measures is high, with

60% of children classified as growth restricted by at least one, but not all
measures.

16



References

1. Pierrat V, Marchand-Martin L, Arnaud C, et al. Neurodevelopmental outcome
at 2 years for preterm children born at 22 to 34 weeks' gestation in France in 2011:
EPIPAGE-2 cohort study. BMJ 2017; 358: j3448.

2. McKenzie BL, Edmonds L, Thomson R, Haszard JJ, Houghton LA. Nutrition
Practices and Predictors of Postnatal Growth in Preterm Infants During
Hospitalization: A Longitudinal Study. Journal of pediatric gastroenterology and
nutrition 2018; 66(2): 312-7.

3. Stoltz Sjéstrom E, Ohlund |, Ahlsson F, et al. Nutrient intakes independently
affect growth in extremely preterm infants: results from a population-based study.
Acta paediatrica 2013; 102(11): 1067-74.

4. Zozaya C, Diaz C, de Pipadén MS. How Should We Define Postnatal Growth
Restriction in Preterm Infants? Neonatology 2018; 114(2): 177-80.

5. Frondas-Chauty A, Simon L, Branger B, et al. Early growth and
neurodevelopmental outcome in very preterm infants: impact of gender. Archives of
Disease in Childhood-Fetal and Neonatal Edition 2014; 99(5): F366-F72.

6. Leppanen M, Lapinleimu H, Lind A, et al. Antenatal and postnatal growth and
5-year cognitive outcome in very preterm infants. Pediatrics 2014; 133(1): 63-70.

7. Ronkainen E, Dunder T, Peltoniemi O, Kaukola T, Marttila R, Hallman M. New
BPD predicts lung function at school age: Follow-up study and meta-analysis.
Pediatric pulmonology 2015; 50(11): 1090-8.

8. Doyle LW, Andersson S, Bush A, et al. Expiratory airflow in late adolescence
and early adulthood in individuals born very preterm or with very low birthweight
compared with controls born at term or with normal birthweight: a meta-analysis of
individual participant data. The Lancet Respiratory Medicine 2019; 7(8): 677-86.

9. Cooke RJ. Improving growth in preterm infants during initial hospital stay:
principles into practice. Archives of Disease in Childhood-Fetal and Neonatal Edition
2016; 101(4): F366-F70.

10.  Helenius K, Sjérs G, Shah PS, et al. Survival in very preterm infants: an
international comparison of 10 national neonatal networks. Pediatrics 2017; 140(6):
e20171264.

11.  Zeitlin J, Manktelow BN, Piedvache A, et al. Use of evidence based practices
to improve survival without severe morbidity for very preterm infants: results from the
EPICE population based cohort. bmj 2016; 354: i2976.

12.  Betran AP, Ye J, Moller A-B, Zhang J, Gllmezoglu AM, Torloni MR. The
increasing trend in caesarean section rates: global, regional and national estimates:
1990-2014. PloS one 2016; 11(2): e0148343.

13.  Giuliani F, Cheikh Ismail L, Bertino E, et al. Monitoring postnatal growth of
preterm infants: present and future—3. The American journal of clinical nutrition 2016;
103(2): 635S-47S.

14.  Villar J, Giuliani F, Barros F, et al. Monitoring the postnatal growth of preterm
infants: a paradigm change. Pediatrics 2018: e20172467.

15.  Borghi E, de Onis M, Garza C, et al. Construction of the World Health
Organization child growth standards: selection of methods for attained growth curves.
Statistics in medicine 2006; 25(2): 247-65.

16. De Onis M, Onyango AW, Borghi E, Garza C, Yang H, Group WMGRS.
Comparison of the World Health Organization (WHO) Child Growth Standards and

17



the National Center for Health Statistics/WHO international growth reference:
implications for child health programmes. Public health nutrition 2006; 9(7): 942-7.
17.  Ong KK, Kennedy K, Castaneda-Gutiérrez E, et al. Postnatal growth in
preterm infants and later health outcomes: a systematic review. Acta paediatrica
2015; 104(10): 974-86.

18.  Draper ES, Manktelow BN, Cuttini M, et al. Variability in very preterm stillbirth
and in-hospital mortality across Europe. Pediatrics 2017; 139(4): e20161990.

19. Fenton TR, Kim JH. A systematic review and meta-analysis to revise the
Fenton growth chart for preterm infants. BMC pediatrics 2013; 13(1): 59.

20. Villar J, Giuliani F, Bhutta ZA, et al. Postnatal growth standards for preterm
infants: the Preterm Postnatal Follow-up Study of the INTERGROWTH-21st Project.
The Lancet Global Health 2015; 3(11): e681-e91.

21.  Patel AL, Engstrom JL, Meier PP, Kimura RE. Accuracy of methods for
calculating postnatal growth velocity for extremely low birth weight infants. Pediatrics
2005; 116(6): 1466-73.

22. Horbar JD, Ehrenkranz RA, Badger GJ, et al. Weight growth velocity and
postnatal growth failure in infants 501 to 1500 grams: 2000-2013. Pediatrics 2015;
136(1): e84-e92.

23.  Profit J, Kowalkowski MA, Zupancic JA, et al. Baby-MONITOR: a composite
indicator of NICU quality. Pediatrics 2014; 134(1): 74-82.

24.  Zeitlin J, Bonamy AKE, Piedvache A, et al. Variation in term birth weight
across European countries affects the prevalence of small for gestational age among
very preterm infants. Acta Paediatrica 2017.

25.  Zeitlin J, Mohangoo A, Cuttini M. The European Perinatal Health Report:
comparing the health and care of pregnant women and newborn babies in Europe.
BMJ Publishing Group Ltd; 2009.

26. Bonamy AKE, Zeitlin J, Piedvache A, et al. Wide variation in severe neonatal
morbidity among very preterm infants in European regions. Archives of Disease in
Childhood-Fetal and Neonatal Edition 2019; 104(1): F36-F45.

27. Maier RF, Blondel B, Piedvache A, et al. Duration and time trends in hospital
stay for very preterm infants differ across European regions. Pediatric critical care
medicine 2018; 19(12): 1153.

28. Neubauer V, Fuchs T, Griesmaier E, Pupp-Peglow U, Kiechl-Kohlendorfer U.
Comparing growth charts demonstrated significant deviations between the
interpretation of postnatal growth patterns in very preterm infants. Acta Paediatrica
2016; 105(3): 268-73.

29. Stevens TP, Shields E, Campbell D, et al. Statewide initiative to reduce
postnatal growth restriction among infants< 31 weeks of gestation. The Journal of
pediatrics 2018; 197: 82-9. e2.

30. Reddy KV, Sharma D, Vardhelli V, Bashir T, Deshbotla SK, Murki S.
Comparison of Fenton 2013 growth curves and Intergrowth-21 growth standards to
assess the incidence of intrauterine growth restriction and extrauterine growth
restriction in preterm neonates< 32 weeks. The Journal of Maternal-Fetal & Neonatal
Medicine 2019: 1-8.

31. Rochow N, Landau-Crangle E, So HY, et al. Z-score differences based on
cross-sectional growth charts do not reflect the growth rate of very low birth weight
infants. PloS one 2019; 14(5): e0216048.

32. Zozaya C, Avila-Alvarez A, Couce ML, et al. Cohort study showed that growth
rate increment has not been enough to prevent growth retardation of preterm infants

18



and raised concerns about unbalanced growth. Acta Paediatrica 2019; 108(10):
1793-800.

33.  Bendor-Samuel OM, Zivanovic S, Odd D, Roehr CC. A Comparison of UK
Preterm Anthropometric Charts and INTERGROWTH-21st: Is It Time to Change
Growth Charts? Neonatology 2020: 1-8.

34. Tuzun F, Yucesoy E, Baysal B, Kumral A, Duman N, Ozkan H. Comparison of
INTERGROWTH-21 and Fenton growth standards to assess size at birth and
extrauterine growth in very preterm infants. The Journal of Maternal-Fetal & Neonatal
Medicine 2018; 31(17): 2252-7.

35.  Giriffin IJ, Tancredi DJ, Bertino E, Lee HC, Profit J. Postnatal growth failure in
very low birthweight infants born between 2005 and 2012. Archives of Disease in
Childhood-Fetal and Neonatal Edition 2016; 101(1): 50-5.

36. Simon L, Hanf M, Frondas-Chauty A, et al. Neonatal growth velocity of
preterm infants: The weight Z-score change versus Patel exponential model. PloS
one 2019; 14(6).

37. Pearson F, Johnson MJ. How should we chart the growth of very preterm
babies? : BMJ Publishing Group; 2019.

38. Villar J, Ismail LC, Urias ES, et al. The satisfactory growth and development at
2 years of age of the INTERGROWTH-21st Fetal Growth Standards cohort support
its appropriateness for constructing international standards. American journal of
obstetrics and gynecology 2018; 218(2): S841-S54. e2.

39. Fenton TR, Anderson D, Groh-Wargo S, Hoyos A, Ehrenkranz RA, Senterre T.
An attempt to standardize the calculation of growth velocity of preterm infants—
evaluation of practical bedside methods. The Journal of pediatrics 2018; 196: 77-83.
40. Sankilampi U. One size may not fit all when it comes to growth references for
preterm infants. Acta Paediatrica 2016; 105(3): 228-9.

41.  Wilson E, Edstedt Bonamy AK, Bonet M, et al. Room for improvement in
breast milk feeding after very preterm birth in Europe: Results from the EPICE
cohort. Maternal & child nutrition 2018; 14(1).

42.  Cuttini M, Croci |, Toome L, et al. Breastfeeding outcomes in European
NICUs: impact of parental visiting policies. Archives of Disease in Childhood-Fetal
and Neonatal Edition 2019; 104(2): F151-F8.

43. Kumar RK, Singhal A, Vaidya U, Banerjee S, Anwar F, Rao S. Optimizing
Nutrition in Preterm Low Birth Weight Infants—Consensus Summary. Frontiers in
nutrition 2017; 4: 20.

44. Travers CP, Wang T, Salas AA, et al. Higher or Usual Volume Feedings in
Very Preterm Infants: A Randomized Clinical Trial. The Journal of Pediatrics 2020.
45.  Andrews ET, Ashton JJ, Pearson F, Beattie RM, Johnson MJ. Early postnatal
growth failure in preterm infants is not inevitable. Archives of Disease in Childhood-
Fetal and Neonatal Edition 2019; 104(3): F235-F41.

46. Toftlund LH, Agertoft L, Halken S, Zachariassen G. Improved lung function at
age 6 in children born very preterm and fed extra protein post-discharge. Pediatric
Allergy and Immunology 2019; 30(1): 47-54.

47. Panagiotounakou P, Sokou R, Gounari E, et al. Very preterm neonates
receiving “aggressive” nutrition and early nCPAP had similar long-term respiratory
outcomes as term neonates. Pediatric Research 2019; 86(6): 742-8.

19



Table 1. Measures of postnatal growth

Measure

Definition

Methods

EUGR thresholds

Fenton percentile

Percentiles computed from
discharge weight by
postmenstrual age and sex
using Fenton postnatal growth
charts '°.

Charts were derived from a meta-analysis of 6 population-based
birthweight charts - Voight 2010 (Germany), Olsen 2010 (US),
Kramer 2001 (Canada), Roberts 1999 (Australia), Bonellie 2008
(Scotland), Bertino 2010 (ltaly)- and the WHO postnatal growth
standards. References span postmenstrual GA from 22 to 50
weeks and are calculated using GA in weeks and days.

< 10" percentile

< 3 percentile

Intergrowth
percentile

Percentiles computed from
discharge weight by
postmenstrual age and sex using
Intergrowth 215t postnatal growth
charts?.

Curves were constructed from 201 healthy preterm singleton births
enrolled into the Intergrowth preterm postnatal study from Brazil,
Italy, Oman, UK, USA, China, India and Kenya. Growth
measurements were collected at different time points per neonate.
References span postmenstrual age from 27 to 64 weeks and are
calculated using postnatal weeks and days.

< 10" percentile

< 3 percentile

Fenton delta Z- Growth velocity is calculated as Fenton charts are used for birthweight and discharge weight. <-1SD
score the difference between the Z-
score of discharge weight minus <-2SD
birthweight computed  using
Fenton’s charts.
Patel's  weight- Growth velocity is calculated as The Patel measure is (discharge weight) < Median
gain velocity the average grams per kilogram 1000 x L weight
per day calculated using an calculated as (g/kg/day) = |Number of hospital days < 15t quartile

exponential model?'.

This model assumes that growth occurs at a constant fraction of
previous weight.
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Table 2. . Maternal and neonatal characteristics of the overall sample and by country

Total Belgium Denmark Estonia France Germany Italy Nether- Poland Portugal UK Sweden
(N=6259) (N=620) (N=259) (N=135) (N=1068) (N=612) (N=917)  lands (N=226) (N=594) (N=1286) (N=231)
(N=311)

Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean

SD SD SD SD SD SD SD SD SD SD SD SD
Mother's age 30.6 29.9 30.4 31.7 29.9 31.4 33.3 30.8 29.2 30.8 28.8 32.5
(years) (6.0) (5.1) (5.2) (5.9) (5.9) (5.7) (6.1) (5.0) (5.9) (6.0) (6.3) (5.9)
GA (weeks) 29.4 29.6 29.1 29.3 29.4 29.2 29.4 29.4 29.2 29.4 29.4 29.0

(2.0) (1.9) (2.0) (2.1) (1.9) (2.1) (2.0) (2.1) (2.2) (1.9) (2.0) (2.1)
Birthweight (g) 1260 1332 1232 1309 1236 1237 1256 1278 1324 1203 1266 1278

(365) (372) (345) (355) (348) (381) (362)  (382) (394)  (342) (361) (403)
PMA at 37.9 38.4 37.7 37.1 38.7 38.5 37.3 38.5 37.0 37.4 37.5 36.6
discharge(wks) 5 7y (2.5) (2.3) (2.2) (2.4) (2.8) 28 (25 (28  (26) 2.7) (2.3)
Discharge 2500 2689 2538 2482 2671 2752 2306 2772 2395 2277 2351 2418
weight(g) (509)  (414)  (481)  (496)  (451) (501)  (461)  (542)  (392)  (419)  (523)  (532)

N(%) N(%) N(%) N (%) N (%) N(%) N(%) N(%) N (%) N (%) N(%) N (%)
Foreign born 1238 113 41 1 345 64 285 54 2 96 162 75
mothers (21) (19) (17) (1 (34) (16) 31 (19 (1 (17) (14) (33)
Nulliparous 3546 367 163 58 562 373 578 197 104 369 646 129

(57) (60) (63) (43) (54) (62) (64) (63) (47) (62) (51) (56)
Multiples 1995 247 110 33 350 230 304 90 48 184 328 71
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Boys

SGA
< 3 centile

3-9 centile

= 10th centile

Any severe
morbidity

Surgery for
PDA

BPD

Late onset
infection

(32)
3361
(54)

1272
(20)
737
(12)

4250
(68)
592
(10)
215
(3)
799
(13)

1713
(27)

Feeding at discharge

Exclusive
human milk

Mix feeding

1668
(28)
1899
(31)

(10)
134
(22)

212
(35)
122
(20)

(43)
139
(54)

(4)

(29)
155
(50)

(8)
212
(68)

27

(9)

3)

(21)
125
(55)

(12)
168
(74)

(9)

(11)
219
(37)

146
(25)
246
(42)

(26)
717
(56)

(31)
124
(54)



Exclusive 2508 275 45 35 561 218 333 100 111 197 562 51
formula (41) (45) (20) (26) (53) (42) 87) (83  (62)  (34) (46) (23)

Note: the differences between countries were statistically significantly at the P<.05 level with the exception of infant sex (P=0.1).

Table 3. Comparison of postnatal growth indicators by country

Total  Belgium Denmark Estonia France Germany Italy Netherlands Poland Portugal UK Sweden
(N=6259) (N=620) (N=259) (N=135) (N=1068) (N=612) (N=917) (N=311) (N=226) (N=594) (N=1286) (N=231)

Fenton Percentile (discharge weight)

Mean 18.2 21.8 19.5 24.7 17.5 23.3 15.5 24.9 22.6 12.3 14.6 25.0
SD (18.8) (20.1) (18.0) (21.9) (18.1) (20.8) (17.4) (21.2) (20.7)  (15.1) (16.8) (19.2)
% <3" percentile 24 18 18 14 22 15 29 16 19 34 31 11
% <10" percentile 45 37 41 32 47 34 52 31 34 60 54 24
IG Percentile (discharge weight)

Mean 30.7 36.1 32.9 40.0 29.9 37.7 27.2 39.8 37.5 21.9 25.2 41.4
SD (26.3) (27.3) (25.3)  (28.5) (25.4) (27.1) (25.6) (27.6) (27.9) (22.9) (24.5) (25.8)
% <3" percentile 17 12 12 11 15 10 22 8 12 25 23 6
% <10™ percentile 30 22 22 19 30 19 36 18 21 43 38 13
Fenton delta Z-score

Mean -1.2 -1.2 -1.1 -1.2 -1.1 -0.9 -1.4 -1.0 -1.4 -1.4 -1.5 -1.0
SD (0.8) (0.8) (0.8) (0.7) (0.7) (0.8) (0.8) (0.7) (0.9) (0.8) (0.8) (0.6)
% <-2 SD 14 11 11 10 10 8 18 8 17 18 22 5
% <-1 SD 59 55 53 61 56 39 65 43 61 66 72 53

Patel’s weight-gain velocity, g/kg/day

23



Mean 117 119  12.1 116 123 128  11.2 12.5 111 115 107 120
SD 29 (26 (30 (29 (21 (24) (3.3 (2.3) 32 (29 (33 (2.9)
%< median* o5 21 23 24 14 11 33 12 32 07 38 24
% < 1% quartile* 50 48 47 53 43 35 55 39 53 52 62 45
% Cumulative indicator

NotEUGRbyany g 28 27 25 24 36 19 32 22 17 16 29
indicator

EUGR by at least

one, but not all 60 61 61 64 62 55 60 61 65 59 59 69
indicators

EUGR by all 17 11 12 11 14 9 22 7 13 24 26 2
indicators

* Median value of 10.1, 1%t quartile value of 11.9
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Figure 1. RR of EUGR (percentiles) by country birthweight

RR

A. Discharge weight <10th percentile using Fenton charts

Spearman's rho for unadjusted RR = -0.82 (P <0.01)

adjusted RR = -0.90 (P <0.01)
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Figure 2. RR of EUGR (velocity) by country birthweight

RR

A. Fenton delta Z-score <-1 standard deviations

Spearman's rho for unadjusted RR = -0.58 (P=0.06)

adjusted RR =-0.54 (P=0.09)
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B. Patel’s weight-gain velocity < 50" percentile
Spearman's rho for unadjusted RR = -0.30 (P=0.37)
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Supplemental material

Figure 1. Study flow chart; web only

6792 preterm neonates alive at discharge

| 219 preterm neonates discharged to other than
"| home or domiciliary care & missing values

—»| 99 preterm neonates with PMA=50

»| 121 missing discharge weight
15 missing PMA

6338 neonates

61 severe congenital anomalies

—>| 18 with £ 4 SD exponential birthweight velocity

A4

6259 final population

27



Figure 2. Association of relative risks (RR) of severe EUGR by country with mean national birthweight at 40 weeks’ GA for postnatal
growth measures based on discharge-weight percentiles; Web only

LOG(RR)

d
A. Discharge weight <3 percentile using Fenton charts
Spearman's rho for unadjusted RR =-0.90 (P <0.01)

adjusted RR = -0.85 (P <0.01)
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Spearman's rho for unadjusted RR = -0.87 (P <0.01)
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Figure 3. Association of relative risks (RR) of severe EUGR by country with mean national birthweight at 40 weeks’ GA for two
postnatal growth measures based on velocity; web only

A. Fenton delta Z score <-2 standard deviations
Spearman's rho for unadjusted RR = -0.70 (P=0.02)
adjusted RR =-0.76 (P <0.01)
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B. Patel’s weight-gain velocity <25th percentile (<10.1 g/kg/day)
Spearman's rho for unadjusted RR = -0.38 (P=0.25)
adjusted RR = -0.42 (P=0.20)
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Table 1: Risk adjustment models for EUGR defined by Fenton (moderate); web only

Unadjusted Adjusted final model | Sensitivity analysis | Sensitivity analysis
estimates used for the figures changing SGA adding breastfeeding
measure and PMA at discharge
N % Unadj 95% CI Adj’ 95% CI Adj? 95% CI Adj®  95%
EUGR RR RR RR RR Cl
Country (ref. mean)
Belgium 230 371 0.95 085 1.06| 1.04 095 1.15] 1.00 090 1.12| 098 0.89 1.08
Denmark 106 40.9 1.05 091 121| 093 081 1.07| 1.04 089 122| 085 0.72 0.99
Estonia 43 31.9 0.81 0.63 1.05| 0.81 0.66 1.00| 084 0.66 1.06 | 0.81 0.66 1.00
France 497 46.5 1.19 110 129 | 1.18 110 126 | 117 1.08 1.26 | 112 1.04 1.20
Germany 210 34.3 0.88 0.78 099 | 082 073 091| 087 0.77 098 | 080 0.71 0.90
ltaly 473 51.6 1.32 1.22 1.42 | 1.39 130 149 | 132 122 142 | 146 1.36 1.56
Netherlands 96 30.9 0.79 0.67 093] 078 069 089 | 076 066 0.88| 072 0.64 0.83
Poland 77 34.1 0.87 0.74 1.03| 094 081 1.08| 089 0.76 1.04| 1.00 0.87 1.16
Portugal 359 60.4 1.55 143 1.67 | 1.48 138 159 | 147 136 158 | 155 145 1.67
United Kingdom 695 54.0 1.38 1.29 1.48 | 1.47 138 156 | 141 132 151 | 155 146 1.66
Sweden 55 23.8 0.61 049 075| 060 050 0.72| 061 049 0.75| 065 053 0.79
Mother origin (ref.
native)
Native 2085 45.4
Foreign 576 46.5 1.02 095 110| 099 093 1.06| 1.05 098 1.12| 1.01 0.94 1.07
Maternal age, years
(ref. <25)
<25 455 44.6
25-34 1605 45.3 1.01 0.94 1.04 0.96 1.07 099 1.15| 099 0.91 1.06
35+ 772 46.2 1.04 0.95 1.06  0.98 112 1.02 122 | 1.00 0.92 1.09
Gestational age,
weeks (ref. 30-31)
23 16 66.7 64 1.24 215 | 2.07 156 273 | 126 095 1.67 | 1.73 31 2.27
24 -25 263 59.2 45 1.33 159 | 1.64 146 184 | 118 1.06 1.32 | 1.46 .29 1.65
26-27 551 53.4 1.31 1.22 141 | 1.33 1.23 1.44 14 105 123 | 124 1.14 1.34
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28-29
30-31
Any severe morbidity
(ref.No)
No
Surery for PDA (ref.No)
No
Late onset sepsis
(ref.No)
No
Sex (ref.girls)
Boys
Girls
BPD at 36 wks (ref.No)
No
Parity (ref. multiparous)
Nulliparous
Multiparous
SGA (ref. SGA>10)
<3
3-10
>10

Postmenstrual age
(ref.32 - 36)

32 - 36
37 to 39
40+
Feeding at discharge
(ref. exclusive formula)
Exclusive human
milk
Mix feeding

763
1248

378

2418
146
2,695

1,026
1,815

1501
1340
523

2255

1721
1093

1120
487
1234

736
1,314
745

771
929

45.0
40.7

63.9

43.7
67.9
44.6

59.9
39.9

44.7
46.2
65.5
42.2

48.5
41.2

88.1
66.1
29.0

27.9
52.8
70.2

46.2
48.9

1.46

1.52

1.50

0.97

1.55

1.18

3.03
2.28

1.89
2.51

1.03

1.36

1.38

1.42

0.91

1.46

2.88
2.12

1.75
2.33

1.57

1.68

1.58

1.02

1.65

1.25

3.20
2.44

2.04
2.71

1.23

1.03

1.24

1.22

1.26

1.04

0.95

1.10

3.24
2.42

0.97

1.09

1.19

0.99

0.88

1.04

3.06
2.25

1.34

1.38

1.33

1.09

1.02

3.44
2.60

33

1.04

1.24

1.22

1.28

0.96

1.09

1.18

2.15
2.20

0.97

1.15

1.09

1.20

0.91

1.01

1.98
2.09

1.34

1.37

1.36

1.01

1.18

1.25

2.32
2.32

1.02

1.16

1.20

1.03

0.85

1.06

2.84
2.27

1.03
0.82

0.96

1.07

1.05

0.98

0.79

1.00

2.66
2.11

0.97
0.77

1.09

1.25

1.32

1.27

1.08

0.92

1.12

3.02
2.45

1.10
0.87



Exclusive formula 1069 42 6 ‘

"Model 1 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (intrauterine European
reference) and parity

2Model 2 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (Fenton reference) and
parity

3Model 3 adjusted for model 1 & breastfeeding at discharge and postmenstrual age

Table 2: Risk adjustment models for EUGR defined by IG (moderate); web only

Unadjusted estimates | Adjusted final model Sensitivity Sensitivity analysis
used for the figures | analysis changing | adding breastfeeding
SGA measure and PMA at
discharge
N % Unadj 95% ClI Adj' RR 95% ClI Adj? 95% ClI Adj®* 95%
EUGR RR RR RR Cl
Country (ref. mean)
Belgium 136 21.9 0.91 0.78 1.07 1.08 094 124 | 1.04 090 119 | 095 0.82 1.09
Denmark 57 22.0 0.92 0.73 1.15 0.79 063 099, 0.89 071 112] 0.74 058 0.93
Estonia 25 18.5 0.77 0.54 1.11 0.75 054 1.03| 082 058 1.15| 0.77 0.57 1.04
France 324 30.3 1.26 1.13 1.41 1.24 112 136 | 119 1.07 132 | 1.12 1.01 1.23
Germany 116 19.0 0.79 0.67 0.93 0.70 059 082 0.75 064 089 | 065 054 0.77
ltaly 332 36.2 1.51 1.36 1.67 1.65 150 1.82| 153 139 169 | 1.74 159 1.91
Netherlands 57 18.3 0.76 0.61 0.96 0.75 062 091 071 059 086 | 066 054 0.81
Poland 47 20.8 0.87 0.68 1.10 0.97 079 119 | 092 0.75 114 | 1.09 0.89 1.33
Portugal 253 42.6 1.77 1.60 1.98 1.67 151 184 | 156 141 173 | 180 1.63 1.99
United Kingdom 488 38.0 1.58 144 1.73 1.68 154 184 | 164 149 180| 183 167 2.00
Sweden 31 13.4 0.56 0.41 0.75 0.54 041 070 057 043 076 | 063 0.47 0.84
Mother origin (ref.
native)
Native 1375 30.0
Foreign 377 30.5 1.02 092 1.12 0.98 090 1.07| 1.05 095 1.15]| 1.01 0.92 1.10
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Maternal age, years
(ref. <25)
<25
25-34
35+
Gestational age,
weeks (ref. 30-31)
23
24 -25
26-27
28-29
30-31
Any severe morbidity
(ref.No)
No
Surery for PDA (ref.No)
No
Late onset sepsis
(ref.No)
No
Sex (ref.girls)
Boys
Girls
BPD at 36 wks (ref.No)
No
Parity (ref. multiparous)
Nulliparous
Multiparous
SGA (ref. SGA>10)
<3
3-10
> 10

291
1055
517

12
187
388
514
765

285

1553
117
1,749

749
1,866

1501
1340
523
2255

1721
1093

1120
487
1234

28.5
29.7
30.9

50.0
421
37.6
30.3
25.0

48.1

28.1
54.4
28.9

43.7
29.81

44.7
46.2
65.5
42.2

48.5
41.2

88.1
66.1
29.0

2.00
1.69
1.51
1.22

1.72

1.88

1.78

1.31

1.96

1.25

4.60
2.87

0.93
0.96

1.56

1.65

1.65

1.21

1.80

4.24
257

2.95
1.92
1.67
1.34

1.89

2.14

1.92

1.42

2.12

1.36

5.00
3.20

2.56
1.99
1.53
1.09
1.34

1.37

1.37

1.43

0.97

5.25
3.24

1.26

1.34

0.88

1.06

4.82
2.91

4.12
2.35
1.71
1.19

1.49

1.60

1.48

1.54

1.07

1.23

5.72
3.60

35

0.38
1.54
1.32
1.09

1.34

1.34

1.36

1.36

1.04

1.20

4.07
3.49

0.23
1.31
1.18
0.99

1.20

1.25

1.27

0.94

3.76
3.21

0.61
1.80
1.47
1.20

1.49

1.56

1.48

1.46

1.30

4.39
3.81

2.09

1.66

1.34

1.06

1.29

1.23

1.42

0.79

1.07

417
2.90

0.97
0.96

1.37
1.41
1.21
0.97

1.05

1.33

0.72

0.99

3.79
2.60

3.20
1.96
1.50
1.15

1.29

1.50

1.33

1.52

0.88

1.16

4.58
3.24



Postmenstrual age

(ref.32 - 36)

32-36 349 13.2

37 to 39 853 343 2.59 231 291 207 185 232
40+ 633 59.6 4.50 4.02 5.04 2.84 248 3.24
Feeding at discharge

(ref. exclusive formula)

Exclusive human 771 462 | 107 097 1.18 106 097 1.16
Mix feeding 929 48.9 1.16 1.06 1.27 0.79 0.73 0.86

Exclusive formula 1069 42.6

"Model 1 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (intrauterine European
reference) and parity

2Model 2 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (Fenton reference) and
parity

3Model 3 adjusted for model 1 & breastfeeding at discharge and postmenstrual age

Table 3: Risk adjustment models for EUGR defined by delta Fenton delta Z scores (moderate); web only

Unadjusted Adjusted final model | Sensitivity analysis | Sensitivity analysis
estimates used for the figures changing SGA adding breastfeeding
measure and PMA at discharge

N % Unadj 95% ClI Adj’ 95% CI Adj? 95% CI Adj®  95%
EUGR RR RR RR RR Cl
Country (ref. mean)

Belgium 341 55.0 0.98 0.91 1.06 | 1.02 094  1.10 1.03 095 1.11 0.98 0.90 1.06
Denmark 138 53.3 0.95 0.85 1.07 | 0.89 0.79 1.01 0.88 0.77 1.00 0.83 0.72 0.95
Estonia 82 60.7 1.09 094 1.25| 1.08 0.94 1.25 1.08 093 1.24 1.07 0.93 1.22
France 599 56.1 1.00 095 1.06 | 1.01 095 1.08 1.01 095 1.08 0.99 0.93 1.05
Germany 237 38.7 0.69 0.63 0.77 | 0.73 0.65 0.81 0.71 0.64 0.80 0.72 0.64 0.80
Italy 600 65.4 1.17 111 124 | 1.20 113 1.27 1.21 114 1.28 1.25 1.19 1.33
Netherlands 135 43.4 0.78 0.68 0.88 | 0.77 0.68  0.87 0.77 0.68 0.87 0.71 0.63 0.81
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Poland
Portugal
United Kingdom
Sweden
Mother origin (ref.
native)
Native
Foreign
Maternal age, years
(ref. <25)
<25
25-34
35+
Gestational age,
weeks (ref. 30-31)
23
24 -25
26-27
28-29
30-31
Any severe morbidity
(ref.No)
No
Surery for PDA (ref.No)
No
Late onset sepsis
(ref.No)
No
Sex (ref.girls)
Boys
Girls
BPD at 36 wks (ref.No)

137
392
924
122

2779
700

591
2122
986

21
337
738

1031
1580

445

3201
109
3020

851
2278

1987
1720
539

60.6
66.0
71.9
52.8

60.6
56.5

57.9
59.8
59.0

87.5
75.9
715
60.9
51.6

75.2

57.8
50.7
50.0

49.7
50.1

59.1
59.4
67.5

1.08
1.18
1.29
0.94

0.93

1.70
1.47
1.39
1.18

1.30

1.37

1.29

1.00

0.98
1.11
1.23
0.84

0.88

0.97
0.95

1.46
1.38
1.31
1.12

1.23

1.27

1.24

0.95

1.10

1.20
1.26
1.34
1.07

0.99

1.97
1.57
1.47
1.25

1.37

1.47

1.35

1.04

1.23

1.03
1.16
1.33
0.94

0.94

1.08
1.08

1.30
1.25
1.31
1.15

1.11

1.17

1.18

0.99

0.91

0.94
1.09
1.27
0.83

0.89

1.02
1.00

1.13
1.15
1.23
1.09

1.05

1.08

1.13

0.94

0.86

1.14
1.24
1.40
1.07

0.99

1.15
1.16

1.50
1.35
1.39
1.22

1.18

1.27

1.24

1.03

0.97
37

1.05
1.16
1.35
0.94

0.93

1.08
1.07

1.45
1.35
1.36
1.16

1.11

1.17

1.17

1.00

0.87

0.94
1.09
1.28
0.83

0.88

1.01
0.99

1.26
1.24
1.28
1.10

1.05

1.08

1.12

0.96

0.81

1.16
1.24
1.41
1.07

0.98

1.15
1.14

1.67
1.46
1.45
1.23

1.18

1.27

1.23

1.04

0.92

1.12
1.22
1.39
0.96

0.95

1.02
1.02

1.21
1.18
1.26
1.14

1.07

1.11

1.15

0.98

0.82

1.01
1.15
1.32
0.85

0.89

0.96
0.95

1.03
1.08
1.18
1.08

1.01

1.02

1.09

0.94

0.77

1.24
1.30
1.46
1.09

1.00

1.08
1.09

1.41
1.29
1.34
1.21

1.14

1.21

1.20

1.02

0.88



No 3095
Parity (ref. multiparous)

Nulliparous 2088
Multiparous 1584
SGA (ref. SGA>10)
<3 586
3-10 380
> 10 2741
Postmenstrual age
(ref.32 - 36)
32 -36 1526
37 to 39 1042
40+ 538
Feeding at discharge

(ref. exclusive formula)
Exclusive human

milk 1113
Mix feeding 1192
Exclusive formula 1320

58.0

58.9
59.7

46.1
51.6
64.5

57.9
41.9
50.7

66.7
62.8

52.6

0.99

0.71
0.80

1.07
1.28

1.27
1.19

0.94

0.67
0.74

1.02
1.21

1.20
1.13

1.03

0.76
0.86

1.13
1.35

1.34
1.26

1.02

0.76
0.82

0.97

0.71
0.76

1.06

0.81
0.89

1.00

1.16
0.92

0.96

1.00
0.83

1.05

1.35
1.01

0.98

0.72
0.80

1.22
1.48

1.12
0.82

0.94

0.67
0.74

1.16
1.37

1.06
0.78

1.03

0.76
0.86

1.29
1.59

1.18
0.87

"Model 1 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (intrauterine European

reference) and parity

2Model 2 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (Fenton reference) and

parity

3Model 3 adjusted for model 1 & breastfeeding at discharge and postmenstrual age

Table 4: Risk adjustment models for EUGR defined by Patel's weight-gain velocity (moderate); web only

Unadjusted
estimates

Adjusted final model

used for the figures

Sensitivity analysis
adding breastfeeding

and PMA at discharge

38



N % Unadj 95% ClI Adj' 95% ClI Adj2  95%
EUGR RR RR RR Cl
Country (ref. mean)
Belgium 300 48.4 1.01 0.93 1.10 0.99 091 1.07 0.97 0.90 1.06
Denmark 121 46.7 0.98 0.86 1.12 0.98 0.85 1.12 0.89 0.76 1.04
Estonia 72 53.3 1.12 0.95 1.32 1.08 0.92 1.26 1.07 0.92 1.24
France 461 43.2 0.90 0.84 0.97 0.92 0.85 0.99 0.92 0.85 0.99
Germany 213 34.8 0.73 0.65 0.81 0.76 0.68 0.86 0.75 0.66 0.85
Italy 508 55.4 1.16 1.09 1.24 1.17 1.10  1.24 1.19 1.12 1.27
Netherlands 120 38.6 0.81 0.70 0.93 0.81 0.71 0.91 0.77 0.68 0.88
Poland 119 52.7 1.10 0.98 1.24 1.01 0.90 1.12 1.08 0.97 1.21
Portugal 309 52.0 1.09 1.00 1.18 1.10 1.03 1.19 1.14 1.06 1.23
United Kingdom 803 62.4 1.31 1.24 1.38 1.32 1.25 1.39 1.39 1.32 1.46
Sweden 103 44.6 0.93 0.81 1.08 1.00 0.88 1.13 0.99 0.88 1.12
Mother origin (ref.
native)
Native 2353 51.3
Foreign 575 46.5 0.91 0.85 0.97 0.96 0.90 1.02| 0.96 0.91 1.03
Maternal age, years
(ref. <25)
<25 511 50.1
25-34 1,792 50.5 1.01 0.94 1.08 1.08 1.01 1.16| 1.03 0.96 1.10
35+ 818 48.9 0.98 0.90 1.06 1.06 098 1.14| 1.02 0.94 1.10
Gestational age,
weeks (ref. 30-31)
23 9 37.5 0.62 0.36 1.05 0.30 0.17 0.52| 0.29 0.18 0.49
24 -25 153 34.5 0.57 0.49 0.65 0.37 0.32 043 | 0.34 0.29 0.40
26-27 398 38.6 0.63 0.58 0.69 0.53 049 0.59| 0.52 0.48 0.57
28-29 704 41.6 0.68 0.64 0.73 0.66 0.61 0.70 | 0.66 0.62 0.70
30-31 1866 60.9
Any severe morbidit
(re{No) g 316 53.4 1.07 099  1.16 1.28 1.18 140 | 1.18 1.09 1.29
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No 2749 49.7
Surery for PDA (ref.No) 109 50.7 1.01 0.89 1.16 1.45 1.25 167 | 131 1.14 1.51

No 3,020 50.0
Late onset sepsis

(ref.No) 851 49.7 0.99 0.94 1.05 1.25 1.18 1.33| 1.20 1.13 1.27
No 2,278  50.1

Sex (ref.girls)

Boys 1764 52.5 1.11 1.06 117 1.05 1.00 1.10| 1.05 1.00 1.10
Girls 1365 471

BPD at 36 wks (ref.No) = 322 40.3 0.78 0.72 0.86 1.02 092 1.13| 0.86 0.77 0.95
No 2742 51.4
Parity (ref. multiparous)

Nulliparous 1734 48.9 0.95 0.90 1.00 1.01 0.96 1.06 | 0.99 0.94 1.04
Multiparous 1366 51.5

SGA (ref. SGA>10)

<3 228 17.9 0.30 0.26 0.33 0.28 0.24 031 | 0.26 0.23 0.29
3-10 319 43.3 0.71 0.65 0.78 0.68 0.62 0.74| 0.66 0.61 0.72
>10 2582 60.8

Postmenstrual age

(ref.32 - 36)

32-36 1,526  57.9

37 to 39 1,042 419 0.72 0.68 0.77 1.06 1.00 1.13
40+ 538 50.7 0.88 0.82 0.94 1.72 1.58 1.88
Feeding at discharge

(ref. exclusive formula)

Exclusive human 137 129 146

milk 962 57.7 1.07 1.01 1.14
Mix feeding 1028 54 1 1.29 1.21  1.37 0.78 0.74 0.83
Exclusive formula 1453 421

"Model 1 adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA (intrauterine European
reference) and parity
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2Model 3 adjusted for model 1 & breastfeeding at discharge and postmenstrual age

Table 5: Spearman rho coefficients for the association of adjusted relative risks of moderate EUGR by country with mean national
birthweight at 40 weeks’ GA for four postnatal growth measures using 3 sensitivity models; web only

Fenton IG Fenton delta Z Patel’s weight-gain
scores velocity
adjrho P-value adjrho P-value adjrho P-value adj rho P-value
';L':I";g*;' 090 <001  -084 <001 054  0.09 -0.38 0.25
iﬁgf;‘s'l"s“}’ 0.8 <001  -082 <001 -063 004 -0.49 0.13
iﬁgf;gl"s“g 079 <001  -079 <001 = -051 0.1 -0.26 0.43
maneles | 084 <001 084 <001 054 009 0.45 0.17

Sensitivity 1: using principal analysis adjusted for breastfeeding at discharge and postmenstrual age

Sensitivity 2: using principal analysis only on native mothers natives

Sensitivity 3: adjusted for maternal origin, mother age, gestational age, any morbidity, sugery for PDA, late onset infection, sex, bpd, SGA
(defined by Fenton with Fenton EUGR measures & velocity and IG with the IG measure) and parity
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