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We appreciate the opportunity to respond to Caniglia1 and 
Kajantie's2 commentaries on our recent work3 examining the gen-
eralisability of the Antenatal Late Preterm Steroids (ALPS) trial4 of 
antenatal corticosteroid administration at late preterm gestation 
(34– 36 weeks) to real- world populations.

We agree with Kajantie2 that the unknown potential for harm 
to child neurodevelopment is a critical knowledge gap for informing 
clinical decision- making on antenatal corticosteroid administration 
at late preterm ages. We also agree that observational data play an 
important role in understanding longer- term safety, as evidence from 
follow- up of randomised trials is unconvincing due to small sample 
sizes and high losses to follow- up. Yet, we have profound concerns 
that many existing observational studies assessing the safety of 
antenatal corticosteroid for child neurodevelopment, including the 
study from Finland highlighted by Kajantie,5 demonstrate findings 
that reflect confounding, rather than a true effect of the medica-
tion. Here, we outline the theoretical potential for this bias and use a 
whole-  population cohort from British Columbia, Canada to demon-
strate how the strategy proposed by Caniglia,1 benchmarking, pro-
vides quantitative evidence supporting this concern.

As with most population database studies, many potential 
confounders in the Finnish study5 were documented only as the 
presence or absence of a diagnosis (e.g. hypertensive disorder of 
pregnancy yes/no). Clinically, however, these conditions present 
with a range of severity. For example, the international classifica-
tion of diseases (ICD) codes for hypertensive disorders of pregnancy 
O10 and O13- O15 run the gamut from mild preeclampsia to life- 
threatening eclampsia. As more severe presentations of a condition 
will be more likely to lead to a preterm delivery than milder pre-
sentations, more severe presentations will also be more likely to be 
administered antenatal steroids. Thus, even after covariate control 

for the presence of a given diagnosis (i.e. within strata of a diag-
nosis), pregnancies exposed to antenatal steroids will likely still be 
a systematically higher risk group than unexposed pregnancies. As 
more severe disease presentation is likely also linked with greater 
risk of adverse child neurodevelopment (as previously shown for 
hypertension6), the differences in clinical risk profile between expo-
sure groups likely creates a spurious association between antenatal 
corticosteroid administration and longer term adverse child health 
(i.e. confounding).

The sibship analysis in the Finnish study5 does little to alleviate 
these concerns. Sibling analyses can be a powerful way to control for 
difficult- to- measure confounders that remain relatively constant be-
tween an individual's pregnancies, such as genetics, socio- economic 
status and lifestyle- related risk factors. In the context of antenatal 
corticosteroids and child neurodevelopment, however, these factors 
are unlikely to be meaningful confounders. To introduce confound-
ing, the factor must be a determinant of antenatal corticosteroid 
administration. Clinical decision- making on antenatal corticosteroid 
administration, however, is unlikely to be influenced by factors such 
as genetics or lifestyle. Rather, the reason why an individual receives 
antenatal steroids in one pregnancy and not another (i.e. how the 
discordant exposure status between pregnancies needed for sibship 
analyses arises) is more likely to be influenced by pregnancy- specific 
complications that cause the clinician to anticipate an imminent 
preterm birth (such as severe preeclampsia). The sibship design, 
however, does not control for factors that differ between an indi-
vidual's pregnancies. As a result, the findings of the sibship analysis 
are likely also confounded by clinical risk profile, producing the same 
spurious associations described above.

The use of benchmarking proposed by Caniglia and Hinkle1 
provides an excellent strategy to assess concerns of confounding 
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in observational studies of the longer term safety of antenatal 
corticosteroids. If researchers can replicate the protective effect 
of antenatal steroids on neonatal respiratory morbidity reported 
in randomised trials using their observational design, this would 
greatly increase confidence that their study has adequately con-
trolled for confounding when studying other longer term outcomes. 
Alternatively, if the observational design finds that antenatal cor-
ticosteroid administration is associated with an increased risk of 
neonatal respiratory morbidity or has no association with neonatal 
respiratory morbidity, this suggests that findings for longer term 
safety outcomes may also be confounded.

We sought to demonstrate how the broad principles of bench-
marking could help to assess the potential for confounding in obser-
vational studies of the association between antenatal corticosteroid 
administration and child neurodevelopment. We used a cohort 
highly similar to that used in the aforementioned Finnish study5: a 
large birth registry cohort from British Columbia, Canada, 2000– 
2013 (n = 526,525),7 linked with population- based follow- up using 
child hospitalisation8 and outpatient physician visit records9 to 
2018. Further details on the cohort (including ethical approval) have 
previously been published.10,11 The list of confounders available in 
this cohort was highly similar to that in the Finnish study (excep-
tions noted in Figure 1 footnote). We limited our cohort to 368,825 
births with available pre- pregnancy body mass index (BMI), but note 
that our results were unchanged when repeating analysis in the 
full cohort without controlling for BMI. We used the same primary 

outcome definition as the Finnish study of ‘any childhood mental and 
behavioural disorder’ (ICD- 10 codes F00- F99), and a similar analytic 
approach.

The estimated association between antenatal corticosteroid ad-
ministration and any childhood mental or behavioural disorder in our 
cohort was reasonably comparable to that reported in the Finnish 
study5: a hazard ratio of 1.18 and 1.33, respectively (Figure 1, top 
panel). We next examined the extent to which benchmarking could 
assess the potential for confounding in these analyses. We built a 
logistic regression model using the same population and the same 
covariates, but with an outcome of neonatal respiratory morbid-
ity/mortality (ICD- 10 code P22 or in- hospital newborn death). This 
model estimated that antenatal corticosteroid administration was 
associated with 37% increased odds of neonatal respiratory mor-
bidity/mortality (Figure 1, lower panel). Given that randomised trial 
evidence has shown that antenatal corticosteroids decrease, not 
increase, the risk of neonatal respiratory morbidity and mortality,4 
our findings suggest that the covariate adjustment for a broad list 
of risk factors was not sufficient to remove confounding by differ-
ences in clinical risk profile between those who do and do not re-
ceive steroids.

These analyses highlight a critical challenge in benchmarking: the 
benefits of benchmarking outlined by Caniglia1 are contingent on 
being able to replicate randomised trial findings using observational 
designs. Their phrase ‘If researchers can successfully replicate the 
ALPS trial findings…’ should not be taken lightly. There is a very good 

F I G U R E  1  Use of benchmarking to estimate associations between antenatal corticosteroid administration and child health. Risk ratios 
and hazard ratios in British Columbia cohort (n = 368,825, 2000– 2013) were adjusted for child birth year, sex, 5- minute Apgar score, 
admission to a neonatal intensive care unit, weight and gestational age at birth, and maternal age at delivery, parity, mode of delivery, 
smoking during pregnancy, prepregnancy body mass index (BMI), premature rupture of membranes (ICD- 10 code O42), gestational diabetes 
(ICD- 10 code O24), and hypertension in pregnancy (ICD- 10 codes O10, O13- O15), maternal lifetime mental disorder diagnosis). Information 
on 1- minute Apgar score was not available, and maternal mental health disorder was based only on information collected during pregnancy 
and delivery (not lifetime). ALPS, Antenatal Late Preterm Steroids; BC, British Columbia; HR, hazard ratio; RR, risk ratio
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reason why randomisation is viewed as the most reliable method to 
prevent confounding in studies of medical interventions, and why 
confounding by indication is a serious concern in observational stud-
ies.12 Even with careful emulation of the target trial, standard obser-
vational analyses may often be unable to replicate randomised trial 
findings. Rather, we propose that quasi- experimental designs, such 
as difference- in- differences, instrumental variable and regression 
discontinuity, should be given greater consideration when seeking 
to replicate perinatal randomised trial findings using observational 
data.13 By identifying situations in which treatment allocation is made 
through mechanisms unrelated to individual- level clinical risk profile, 
these quasi- experimental designs are likely much better able to con-
trol for confounding by indication than standard covariate adjustment.

We recently used a regression discontinuity design13 to exam-
ine the longer term safety of antenatal corticosteroids for child 
neurodevelopment.10 This design took advantage of the fact that, 
in Canada, clinical practice guidelines recommended antenatal cor-
ticosteroid administration for individuals presenting with imminent 
preterm birth up to 33 weeks and 6 days (33 + 6 weeks), but not one 
day later, at 34 + 0 weeks. As foetuses immediately on either side 
of this cut- off are reasonably similar in their clinical risk profiles but 
have very different levels of exposure to antenatal corticosteroids, 
this ‘natural randomization’ could be exploited to gain an under-
standing of the consequences of corticosteroid exposure on child 
health independent of clinical risk profile. Using the principals of 
benchmarking, we first demonstrated that the regression disconti-
nuity design produces estimates of the effect of antenatal cortico-
steroids on neonatal respiratory morbidity/mortality that is highly 
comparable to those from randomised trials: a risk ratio for antenatal 
corticosteroids of 0.81 (95% CI 0.72, 0.91) in our design11 compared 
with 0.80 (95% CI 0.66, 0.97) for the ALPS primary outcome of re-
spiratory morbidity.4

After confirming compatibility with randomised trial findings 
for neonatal outcomes, we extended the design to examine lon-
ger term child neurodevelopment outcomes, and found no adverse 
consequences of routine antenatal corticosteroids administration 
for kindergarten- aged child development test scores11 or risk of 
attention- deficit hyperactivity disorder.12 In contrast, the Finnish 
study reported an increased risk of adverse neurodevelopmental 
outcomes,5 however these conclusions relied on a study design that 
produced results incompatible with randomised trial findings for 
neonatal outcomes. Taken together, these analyses demonstrate 
how benchmarking can help to make sense of conflicting research 
findings in this field and ultimately to inform clinical care: authors 
of clinical practice guidelines should look for benchmarking to help 
determine which observational evidence is most suitable to guide 
patient counselling.

In conclusion, we echo a common theme raised in both commen-
taries: the need to make better use of observational data to optimise 
the translation of randomised trial evidence into clinical practice. We 
propose that benchmarking should be a necessary step for studies 
seeking to investigate the longer term safety of perinatal interventions 

using observational designs, and encourage perinatal researchers to 
make better use of quasi- experimental designs towards this end.
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