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Evidence suggests a sharp increase in stillbirth at the end of
gestation. Between 35 and 38 weeks of gestation, cumula-
tive risk of stillbirth in twin pregnancies increases by 60%,
from 30 to 50 deliveries per 1000." A similar increase
occurs after 37 weeks in singleton pregnancies.” Although
this evidence has implications for clinical practice, it is mis-
leading. Increases in the cumulative risk of stillbirth at the
end of gestation occur because researchers use the Kaplan—
Meier method, which fails to account for live births as
competing events.

In studies of stillbirth, women can have three possible
outcomes: stillbirth, live birth, or right-censoring. Right-
censoring occurs when a woman is no longer followed in a
study (because of dropout or loss-to-follow-up), but is still
at risk for the event. When a live birth occurs, the woman
is no longer followed in a study because she is no longer at
risk for the event. For this reason, live births (whether pre-
term or term) are competing events because they eliminate
the possibility of stillbirth.” Competing events are recog-
nised in many areas of research.*” In obstetric studies of
stillbirth, competing events are arguably more important
because of the natural increase in live births near term.
However, to our knowledge, only one letter in the obstet-
rics literature has raised concern over inappropriate treat-
ment of competing events.®

The purpose of this commentary is to clarify why the
Kaplan—Meier approach should not be used when competing
events are present. To illustrate, we calculate the incorrect
risk of stillbirth in a cohort of roughly two million pregnan-
cies in Quebec, Canada. We describe the degree of error,
explain why the error occurs, and show how to obtain cor-
rect estimates of cumulative risk when competing events are
present. We conclude with a mention of the broader debate
on how best to define the cumulative risk of stillbirth.

Kaplan—-Meier versus cumulative
incidence

There are several ways to compute cumulative risk. The
Kaplan-Meier method” is the most common. The Kaplan—
Meier method correctly estimates cumulative risk when
there is right-censoring.® Women who are right-censored
are still at risk of stillbirth even though they are lost to fol-
low up, but the exact timing and outcome of pregnancy is
not known.

The Kaplan—Meier approach is incorrect when compet-
ing events are present.” “®'' To censor live births, the
Kaplan—Meier method ‘redistributes’ the potential stillbirth
risk for a given pregnancy to subsequent stillbirths from
other pregnancies. In doing so, the Kaplan—Meier method
requires the assumption that women with live births are
still at risk of stillbirth, which evidently is impossible. As
a result, when there is no loss to follow up but compet-
ing events are present, the Kaplan—Meier stillbirth risk
estimated after all pregnancies have delivered is not iden-
tical to the overall (empirical) risk of stillbirth in the
cohort.

An alternative approach is known as the cumulative inci-
dence method, which can estimate cumulative stillbirth risk
without right-censoring live births.'* Use of the cumulative
incidence method does not require the assumption that
women with live births remain at risk of stillbirth. When
there is no loss to follow up but competing events are pre-
sent, the cumulative incidence stillbirth risk after all preg-
nancies have delivered is identical to the overall (empirical)
risk of stillbirth in the cohort.

Although = straightforward, the
method is rarely used in obstetrics. We show how three

cumulative incidence

software packages can be used to calculate cumulative still-
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birth risk in the presence of competing events in an accom-
panying Appendix).

Data example

We extracted information on 2 521 597 live births and
10 551 stillbirths from Quebec birth registration certificates
between 1981 and 2010. There were 59 641 multiple and
2 472 507 singleton pregnancies. Complete follow up was
available for all individuals: pregnant women had either a
stillbirth (event) or a live birth (competing event), and no
women were lost to follow up. In Quebec, stillbirths must
have a birthweight >500 g to be registered.

We estimated the cumulative risk of stillbirth for women
with multiple and singleton pregnancies using (i) the
Kaplan—Meier method, which incorrectly right-censors live
births, and (ii) the cumulative incidence method, which
correctly treats live births as competing events. We used
completed weeks of gestation as the time scale. To assist
researchers with calculating cumulative risk, we include an
Appendix (Appendix S1) with annotated SAS (SAS Insti-
tute, Cary, NC, USA), STATA (StataCorps, College Station,
TX, USA) and R (R Core Team, Vienna, Austria) code and
a detailed explanation of the procedures.

Results

The overall (empirical) risk of stillbirth in the cohort was
4.2 per 1000. There were 765 stillbirths among 59 641
births from multiple pregnancies, yielding a stillbirth risk
of 12.8 per 1000. There were 9786 stillbirths among
2 472 507 singleton pregnancies, yielding a risk of 4.0 per
1000.

Figure 1 displays the cumulative risk of stillbirth in
women with multiple and singleton pregnancies using the
Kaplan—Meier and cumulative incidence methods. Regard-
less of method, risk of stillbirth in multiple pregnancies
increased to 10.5 per 1000 by 35 weeks of gestation. After
35 weeks, risk of stillbirth increased rapidly to 60.5 per
1000 with the Kaplan—Meier method, but to only 12.8 per
1000 with the cumulative incidence method. For singleton
pregnancies, risk of stillbirth increased to 3.7 per 1000 by
39 weeks of gestation. After 39 weeks, risk of stillbirth
increased rapidly to 10.1 per 1000 with the Kaplan—Meier
method, but to only 4.0 per 1000 with the cumulative inci-
dence method.

The Kaplan—Meier method incorrectly estimated a five-
fold greater cumulative risk for multiple births, and a 2.5-
fold greater cumulative risk for singleton births. The cumu-
lative incidence method, on the other hand, yielded cumu-
lative risks that were identical to the actual risk of stillbirth
in the cohort. We next explain why the Kaplan—Meier
approach is incorrect.
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Figure 1. Cumulative risk of singleton and muiltiple stillbirth, Kaplan—
Meier versus cumulative incidence function, Quebec, Canada, 1981—
2011. KM Multiple, Kaplan—-Meier method, multiple pregnancies; CIF
Multiple, Cumulative incidence function method, multiple pregnancies;
KM Singleton: Kaplan—Meier method, singleton pregnancies; CIF
Singleton: Cumulative incidence function method, singleton
pregnancies.

Discussion

We showed that, using appropriate methods, the cumula-
tive risk of stillbirth in multiple and singleton births does
not increase sharply at term in a population-wide cohort of
women under routine care in Quebec. In contrast, we
found a sharp increase in the cumulative risk of stillbirth
at term using inappropriate methods that right-censored
live births. This sharp increase became substantial when
live births occurred more frequently. Furthermore, the
increase is similar to previous studies that used the
Kaplan-Meier method to right-censor live births."*"
Using the Kaplan—Meier approach, we showed that the risk
of stillbirth in multiple pregnancies increased considerably
after 35 weeks of gestation, with a five-fold greater overall
risk compared with the cumulative incidence method. Sim-
ilarly, the cumulative risk for singleton pregnancies
increased sharply after 40 weeks, yielding a 2.5-fold greater
overall risk. The artificial increase in risk after 35 and
40 weeks of gestation with the Kaplan—Meier method is a
consequence of treating competing events (live births) as
right-censored observations, and does not reflect an actual
increase in stillbirth risk late in gestation.

To show why the Kaplan-Meier method is incorrect,
consider the increase in the cumulative risk of stillbirth at
38 weeks among singleton pregnancies in our cohort. Con-
sider further that there were 2 472 507 singleton pregnan-
cies at risk, such that with every stillbirth, the cumulative
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risk increases by 1/2 472 507. At 38 weeks there were 702
stillbirths. Hence, we can manually calculate the increase in
cumulative risk at 38 weeks as 702/2 472 507 = 0.284 per
1000. Although the cumulative incidence method correctly
estimated the same cumulative risk increase of 0.284 per
1000, the Kaplan—Meier method incorrectly estimated a
cumulative risk increase of 0.397 per 1000 at 38 weeks.

Why is the Kaplan—Meier estimate higher? The Kaplan—
Meier increase in risk at 38 weeks is a combination of the
actual risk increase (0.284 per 1000), plus the risk increase
that would have been observed had some of the live
births at or before 38 weeks been stillbirths (0.397—0.284
per 1000). This unrealised stillbirth risk at <38 weeks is
redistributed to all remaining stillbirths.'"* The difference
(0.397—0.284) is proportional to the number of live births
that occurred before 38 weeks. This addition to the risk
at 38 weeks is the problem because it is based on the
untenable assumption that some live births are succumb-
ing to stillbirth after delivery. Redistribution of risk to
later stillbirths makes sense when there is right-censoring,
but not when there are competing events such as live
birth.*

With true right-censoring, the Kaplan—-Meier method
correctly estimates the cumulative risk by redistributing the
potential risk of right-censored pregnancies to remaining
pregnancies at risk.'"* Consider a hypothetical study of ten
pregnant women over 42 weeks of gestation. Each woman
potentially contributes one-tenth to the cumulative risk
(i.e. if they have the event, the risk increases by one-tenth).
If a woman is lost to follow up at 35 weeks, then her
potential contribution to the cumulative risk is lost. The
Kaplan—Meier method accounts for this loss by redistribut-
ing (or ‘spreading’) the potential risk of the censored
woman to the remaining women, slightly increasing each
remaining woman’s contribution to the cumulative risk.”
This redistribution of risk is the reason that the Kaplan—
Meier method estimated a cumulative risk at 38 weeks of
0.397 per 1000 instead of 0.284 per 1000.

Redistribution of potential risk assumes that censored
women could have had a stillbirth in the study had they
not been censored. With live birth, this assumption is vio-
lated. Considering our previous example, suppose a woman
has a live birth at 35 weeks, and is censored even though
she is not lost to follow up. The Kaplan—Meier method
assumes she can still have a stillbirth, and redistributes her
potential risk to the remaining women at risk.” It is techni-
cally impossible, however, for a woman who had a live
birth to be at risk of stillbirth during the same pregnancy.
Hence, the Kaplan—-Meier method is incorrect and should
not be used to calculate cumulative stillbirth risks. The
cumulative incidence method can account for both com-
peting events and right-censoring, and is a more appropri-
ate alternative.

Stillbirth risk and competing events

In this paper, we showed that the divergence between
the Kaplan—-Meier and cumulative incidence methods can
be sharp. Importantly, what we have shown here is well
understood and accepted in biostatistics and other areas of
clinical medicine. Indeed, mis-application of the Kaplan—
Meier method has received attention in many areas of clin-
ical research,™®>'"!> but less so in reproductive, perinatal,
and obstetrics research, despite the greater likelihood of
severe errors. These errors can be seriously misleading. One
study, for example, reported that a ‘second stillbirth epoch’
after 36 weeks of gestation may be mediated through
impaired placental function measured by Doppler ultra-
sound.” However, the study used Kaplan-Meier estimates
of cumulative risk. It is most probable that the entirety of
the ‘second stillbirth epoch’ was due to inappropriate cen-
soring of live births.

Defining and estimating stillbirth and infant mortality
risk across gestation has long been of interest in obstetrics
research. Much of this research has been geared towards
methods for conveying instantaneous risk. These methods
include use of incidence-based measures,'® and propor-
tional hazards regression,'” which resolve several puzzling
artefacts, including the problem of intersecting mortality
curves. However, the issue we discuss in this commentary
is separate from the debate over measurement of instanta-
neous risks. When the Kaplan—-Meier method is used to
estimate cumulative stillbirth risk, one must assume that a
given pregnancy is still at risk of stillbirth after actually
ending in live birth. This is an untenable assumption. The
Kaplan—-Meier method should not be used to estimate
cumulative risk when the outcome is subject to competing
events.
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