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Abstract

Objective—Using a simple simulation, we illustrate why associations estimated from studies
restricted to preterm births cannot be interpreted causally.

Design, Setting, and Population—Data simulation involving a hypothetical cohort of fetuses
who may be healthy or have one or more of four pathological factors (termed A through D,
increasing in severity) with known effects on gestational length and risk of mortality. We focus on
babies born <32 weeks of gestation.

Methods—We visually represent the simulated population and compare the association between
A (which may represent preeclampsia) and neonatal death. We then repeat the exercise with D
(standing in for chorioamnionitis) as the exposure of interest.

Main Outcome Measures—OQdds ratios of neonatal death in the simulated data.

Results—In most weeks, and for both A and D, the calculated odds ratios are substantially
biased and underestimate the true risk of neonatal death associated with each pathology. For
example, factor A has a true causal odds ratio of 1.50, yet it appears protective among births <32
weeks (estimated crude odds ratio = 0.39; gestational age-adjusted odds ratio = 0.71).

Conclusions—Among very preterm births, virtually all babies are born with pathologies that
increase risk of adverse outcomes. Thus, babies exposed to one factor (e.g., preeclampsia) are
compared with babies who have a mix of other pathologies. Such selection bias affects studies
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carried out among very preterm births (e.g., where preeclampsia appears to reduce risk of neonatal
outcomes).

Keywords
Causal inference; neonatal networks; perinatal epidemiology; preterm birth

Introduction

Preterm birth etiology is complex and multi-factorial, and a large proportion of preterm
births have no known cause.? Neonatal networks systematically collect information on
infants born very preterm or with a very low birth weight according to a standardized
protocol common to all participating hospitals.3 4 Despite the undisputed value of such data,
estimating associations in such highly selected populations also complicates interpretation.
Estimates of the association between a given exposure (e.g., preeclampsia) and outcome
(e.g., retinopathy of prematurity (ROP)>-8) in very preterm births have prognostic value,
e.g., for assessing prospective risk of a newborn developing a specific outcome, but they do
not reflect the causal effects. The problem we set out to clarify is that many such
associations estimated among very preterm births and/or very low birthweight infants (e.g.,
apparent protective effects of preeclampsia on ROP, cerebral palsy,® 10 intraventricular
hemorrhage,11 12 and a beneficial effect on childhood neurodevelopment3) may be
explained either partly or entirely by bias, so clinicians and researchers should exercise
caution in interpreting them. While many authors are aware of these limitations,’: 14 findings
from these studies are sometimes interpreted causally.> 8

Within very preterm infants, the vast majority of “unexposed” babies (i.e., those born before
33 weeks without the factor under study, e.g., preeclampsia) will have a mix of other
pathologies that caused early delivery and may affect risk of the outcome (e.g.,
chorioamnionitis, placental abruption, etc.).15 16 Thus, if preeclampsia is the exposure of
interest, its “effect” on the outcome will depend on the mix and severity of the other
conditions in the “unexposed” infants with whom they are compared. In this paper, we
present a simple demonstration of these concepts, aimed at practicing clinicians and
clinician-scientists who are well-versed in perinatal/neonatal content and have basic
familiarity with epidemiologic concepts and terminology.

We build on prior work!’: 18 to demonstrate in an intuitive manner the consequences of
assessing the association between a prenatal/intrapartum factor (e.g., preeclampsia) and a
neonatal outcome (e.g., neonatal death) in a sample of very preterm births. Working within a
simple simulated universe where we know all the relevant causal effects, we show why the
estimated association between a specific factor and mortality in infants born up to 32 weeks
of gestation does not represent the true causal effect in the presence of unknown or
unmeasured causes of preterm birth that also affect mortality.
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Methods

Simulated data

The simulation, expanded from a previous version,1’- 18 represents a highly simplified
universe with only four factors increasing risk of both preterm birth and mortality. Two
causes, termed A and B, each have a prevalence of 1.5% and result in the same moderately
high reduction of gestation (mean 20 days), and B increases odds of death at a magnitude
twice that of A. In contrast, the more harmful causes termed C and D are rarer than A and B
(with prevalence of 0.5%), shorten gestation by a larger amount, and increase odds of
neonatal death in a manner that compounds with each passing week. For this example, A
may stand in for preeclampsia, D for chorioamnionitis, and B and C for unmeasured (or
unknown) factors. In the simulation, the expected length of gestation for “healthy” babies is
determined by a normal distribution. However, in affected babies, the four pathologies,
acting either singly or in combination (no interaction), will shorten duration of gestation.
There is also a small random risk of early birth (i.e., not due to pathology), and a small
background risk of fetal and neonatal death (“frailty”), which is increased by factors A-D, as
well as by prematurity itself. The characteristics of the normal distribution of births and each
factor appear in Table 1, and technical details of the simulation appear in the appendix
(Appendix S1; Figures S1-S2).

Analysis of simulated data

Results

We show the distribution of births at each week of gestation by category (i.e., no factor,
factor A-D, and more than 1 factor). We then focus only on babies born alive between 22
and 32 weeks, to reflect data comparable to those from a neonatal network. We first examine
A (i.e., preeclampsia) and then D (i.e., chorioamnionitis) as the index cause (i.e., the
exposure of interest). We compare preterm infants with the given factor to those without by
showing the composition of live births with and without Factor A and D at each week,
taking advantage of our knowledge of all the causes. We also present week-specific odds
ratios (ORs) of neonatal death, and the percent bias comparing the observed OR and the true
OR.1°

In the simulated population (shown in Figure 1), 6.2% of babies are born before 37 weeks
and 3.95% of all babies have one or more pathological factor (Table S1). At term, most
infants are born healthy (i.e., no pathological factor), while most preterm births have at least
one pathological factor (Figure 1).

Among babies born < 32 weeks, those with A/preeclampsia have lower odds of neonatal
death than those without (crude OR: 0.39; OR adjusted for gestational age at birth: 0.71).
Figure 2 shows that nearly all babies have at least one pathology, with the specific mix
varying by gestational age at birth. In babies with A, the proportion that also have C or D
decreases sharply around week 28, such that after week 29 most have only A or A&B (i.e.,
the most benign factors; Figure 2, Panel A). Therefore these infants, despite having A, are
better off than their peers without A, who have a higher frequency of the more severe
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pathologies (i.e., C and D). This situation is reflected in the pattern of the weekly ORs of
mortality due to A (Figure 3, panel A): up to week 26, the OR is very close to 1.5 (i.e., the
“truth”). The OR then starts to decrease, as fewer of the infants with A have additional
pathologies, and appears protective from week 29 onward. The percent bias is
correspondingly high at these weeks of gestation.

When D/chorioamnionitis is the index factor (Figures 2 and 3, panel B), the calculated OR is
never <1, but it still greatly underestimates the true OR, which increases with advancing
gestation. For example, at 30 weeks the calculated OR is 1.13, whereas the true OR is 8.62
(-96% bias; Figure 3, panel B). Gestation-specific odds ratios for the other two factors (B
and C) are shown in Table S2.

Discussion

Main findings
This paper provides a simple demonstration of why studies restricted to preterm births that
examine a specific cause of preterm birth (such as preeclampsia) in relation to a given
outcome (e.g., neonatal death) cannot generally be interpreted causally. If most early births
are due to pathologies that themselves affect the outcome of interest, there is no true
unexposed group. Indeed, infants in the reference category may have a comparatively higher
risk than those having the factors under study (as was the case in our simulation when the
relatively benign factor A was examined as the exposure).

Strengths and limitations

Although our demonstration rests on a simplified — and fictional — version of reality, the
underlying principles plausibly reflect the more complex mechanisms operating in the real
world. That said, the factors we postulated do not mimic specific complications, and our
simulation omits other nuances, such as the potentially protective physiologic effects of
some preterm birth precursors (e.g., preeclampsia) on survival immediately after very
preterm birth (e.g., through a cortisol response).29-24 However, these limitations do not
negate our main point that the estimates obtained in such a selected population cannot be
interpreted causally. In essence, very preterm birth selectively samples pathological fetuses
from the total fetal population and transfers them into the population of live births, resulting
in a highly selected sample consisting of a varying mix of mostly pathological infants.

Interpretation (in light of other evidence)

The bias demonstrated in our scenario is a form of selection bias?>27 known as “collider-
stratification bias” in this context.28 29 This bias is introduced when gestation-stratified/
adjusted associations are calculated (i.e., gestational length is “conditioned on”) when there
is uncontrolled mediator-outcome confounding, regardless of whether gestational length is
restricted on (as here), or adjusted for in a model. In our example, the crude OR of neonatal
death associated with A in births <32 weeks was 0.39, and the OR adjusted for gestational
age at birth was 0.71. Had we included all infants, regardless of timing of birth, the crude
estimated OR would have been 2.55 (reflecting the effect of both A and preterm birth),
whereas the OR adjusted for gestational age would have been 0.63, i.e., suggesting a
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Conclusion

protective effect of A. Thus, inappropriately controlling for gestational length reverses the
direction of the association, another example of the complexities involved in calculating
gestation-stratified or gestation-adjusted associations between prenatal exposures and
postnatal endpoints.

These topics have received substantial attention in the epidemiology literature, including in
the context of preterm birth and low birthweight.17: 18 30-35 |n our example, preterm birth is
the collider (i.e., a common effect of both the exposure and other factors, as represented in
causal diagrams36 in Figure S3). The effect of preeclampsia on neonatal death among very
preterm births (or, the direct effect of preeclampsia on neonatal death unmediated by
preterm birth) could only be estimated if “healthy” preterm births (i.e., those born for
reasons that do not affect the outcome) exist and could be identified. However, this would
require (1) knowledge of all common causes of preterm birth and neonatal death (or at least
the ability to identify babies whose cause of preterm birth does not affect the outcome) and
(2) accurate recording of such factors. As both these conditions are unlikely to be achieved,
we posit that, for practical purposes, causal inference is out of reach in samples of very
preterm births.

Recent years have seen the development and dissemination of methods to address selection
bias and enable causal interpretation even in its presence (e.g., inverse-probability of
censoring weights to estimate adjusted causal associations;37: 38 simulation-based bias
analysis to quantify the magnitude of likely selection bias39). Although these approaches
hold promise, the absence of a true “unexposed” group (or, the inability to identify it in
practice, per our two precepts above) likely limits the utility of these methods in this
instance. Therefore, we encourage researchers in this field to either select questions with a
clearly defined comparison group (e.g., outcomes among preterm infants born after
preeclampsia versus those born after chorioamnionitis®), or in the absence of a clearly
defined comparison group, to limit interpretation of findings to prognostic and descriptive
associations rather than causal ones. In other words, very preterm infants born after
preeclampsia may be less likely to die than their counterparts that were not exposed to
preeclampsia, but we cannot state that having preeclampsia is beneficial as opposed to not
having it.

While studies of very preterm infants provide valuable information on the conditions of
neonates at the highest risk of severe complications, inferring causal effects among such
populations is not possible at present (and may never be). Research should continue to
explore approaches to estimate causal effects, and in the meantime, clinicians and
researchers should interpret findings from such studies appropriately (i.e., for descriptive or
prognostic purposes, not as causal associations).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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GA at birth

Panel A: Distribution of factors in babies without A (left) and with A (right)
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Figure 2.

Gestation-stratified distribution of birth categories <32 weeks’ gestation, among babies with
Factor A and without Factor A (Panel A) and with Factor D and without Factor D (Panel B)
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Panel A: Comparing mortality between A and non-A births (OR)
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Gestation-specific odds ratios (calculated, true, and percent bias*) for births <32 weeks,
comparing mortality in A to non-A births (panel A) and comparing D to non-D births (Panel

B)
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