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Multiple imputation
We used multiple imputation due to incomplete responses at two years of age which

lead to missing data for both the main outcomes as well as covariates. Multiple

imputation was performed using chained equations with the R package ‘mice’.[1]

Imputation model variables included the each of the possible exposures (i.e. peri-

natal intensity group using the primary as well as sensitivity indicators), two year

outcomes (survival status, sensorimotor disability and neurodevelopmental impair-

ment), maternal variables (age, parity, country of birth, socioeconomic status),

pregnancy variables (fertility treatment, multiple status, fetal sex, chorioamnioni-

tis, prolonged rupture of membranes, spontaneous labour, gestational age at de-

livery), birth weight z-score, neonatal morbidities (bronchopulmonary dysplasia,

necrotising enterocolitis and retinopathy of prematurity) as well as usage of post-

natal steroids, whether the baby received maternal breast milk at discharge, and

whether there was a severe congenital brain malformation. Neurodevelopmental im-

pairment data corresponded to the five domains (communication, gross motor, fine

motor, problem-solving and personal-social) of the Ages and Stages Questionnaire

(ASQ)[2] if completed between 22 and 26 months corrected age in children without

cerebral palsy or neurosensory disability (deafness and blindness), and who did not

have a severe brain malformation. Data for sensorimotor disability and ASQ status

were only imputed for children who survived to two years of age. We generated

60 independent data sets using 30 iterations each; data were pooled according to

Rubin’s rule.[3]
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Construction of the intensity indicators used in sensitivity analyses
We created three sensitivity indicators using a method similar to that we employed

for the main indicator of perinatal intensity.[4] For each, hospitals were categorised

into three levels, low, medium and high, according to a weighted calculation[5]based

on the baseline population at 24 to 25 weeks’ gestation. The three indicators were

based on, respectively, the following treatments: fetal exposure to (any) antenatal

steroids, delivery by Caesarean section, and active resuscitation in the delivery room

(identified through the EPIPAGE-2 questionnaire completed at birth).

For each indicator, each level 3 hospital was assigned an activity ratio according

to the number of fetuses or babies born 24 to 25 weeks’ gestation who were exposed

to the treatment divided by the number of fetuses alive at maternal admission to

hospital who were subsequent born at 24 to 25 weeks’ gestation (equation 1).

Activity ratio (pi) =
Number of babies admitted into NICU

Number of foetuses alive at maternal admission to hospital

(1)

Using these ratios, the mean activity level across all included hospitals was ob-

tained using the formula shown in equation 2, where Pw is the overall weighted

mean, pi is the activity ratio in hospital i, and wi is the weighting factor for hospi-

tal i:

Pw =

∑
piwi∑
wi

(2)

The weighting factors for individual hospitals were obtained using the formula

shown in equation 3.

wi =
1

σ̂2
p +

(p̄(1−p̄)−σ̂2
p)

ni

(3)

In this equation, p̄ represents the unweighted mean activity ratio of all hospitals

(obtained simply by summation of all the ratios and dividing by the total number

of hospitals), and σ̂2
p is the estimated standard deviation, which is obtained from

the following equation:

σ̂2
p =

∑
(pi − p̄)2

k − 1
−

∑ pi(1−pi)
ni

k
(4)

Here, again, p̄ is the unweighted mean activity ratio, pi is the activity ratio for

hospital i, ni is the number of fetuses alive at maternal admission to hospital in

hospital i, and k is the total number of hospitals.
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Figure 1: Intensity of perinatal care at 24–25 weeks gestation in French level

3 hospitals using an indicator constructed from fetal exposure to antenatal

steroids.

Having calculated the mean activity level, 25th and 75th percentiles were obtained

for different numbers of fetuses alive at maternal admission to hospital using equa-

tion 5:

25th/75th percentiles = Pw ± 0.675(

√
σ̂2
p

√
n

) (5)

where n is the number of foetuses admitted into hospital and σ̂2
p is defined by

equation 4. This enabled individual hospitals to be compared to the percentiles,

and consequently permitting allocation to one of the three potential groups created.

This is shown in figures 1, 2, and 3.
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Figure 2: Intensity of perinatal care at 24–25 weeks gestation in French

level 3 hospitals using an indicator constructed from the number of babies

delivered by Caesarean section.
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Figure 3: Intensity of perinatal care at 24–25 weeks gestation in French

level 3 hospitals using an indicator constructed from the number of babies

receiving active resuscitation at birth.
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Maternité Olympe de Gouges, Centre Hospitalier Regional Universitaire Tours, Tours, France. 7 Université François
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