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Abstract
Introduction: Composite outcomes are used to increase the 
power of a study by combining event rates. Many composite 
outcomes in adult clinical trials have components that differ 
substantially in patient importance, event rate, and effect 
size, making interpretation challenging. Little is known 
about the use of composite outcomes in neonatal random-
ized controlled trials (RCTs). Methods: We assessed the use 
of composite outcomes in neonatal RCTs included in Co-
chrane Neonatal reviews published till November 2017. Two 
authors reviewed the components of the composite out-
comes to compare their patient importance and computed 
the ratios of effect sizes and event rates between the com-
ponents, with an a priori threshold of 1.5, indicating a sub-
stantial difference. Descriptive statistics were presented. Re-

sults: We extracted 7,766 outcomes in 2,134 RCTs in 312 sys-
tematic reviews. Among them, 55 composite outcomes 
(0.7%) were identified in 46 RCTs. The vast majority (92.7%) 
of composite outcomes had 2 components, with death be-
ing the most common component (included 51 times 
[92.7%]). The components in nearly three-quarters of the 
composite outcomes (n = 40 [72.7%]) had different patient 
importance, while the effect sizes and event rates differed 
substantially between the components in 27 (49.1%) and 35 
(63.6%) outcomes, respectively, with up to 43-fold difference 
in the event rates observed. Conclusions: The majority of 
composite outcomes in neonatal RCTs had different patient 
importance with contrasting effect sizes and event rates be-
tween the components. In patient communication, clini-
cians should highlight individual components, rather than 
the composites, with explanation on the relationship be-
tween the components, to avoid misleading impression on 
the effect of the intervention. Future trials should report the 
estimates of all individual components alongside the com-
posite outcomes presented. © 2021 S. Karger AG, Basel
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Background

Improving medical care has resulted in decreasing 
mortality and morbidities. Progressively, newer medical 
interventions have diminishing superiority over existing 
treatments. To show statistically significant results in 
clinical trials, increasingly large samples of populations 
are required [1]. A convincing sample size estimation is a 
requirement in the approval and funding of a clinical tri-
al. To increase the chance of a statistically significant re-
sult with a manageable sample, trialists may resort to us-
ing composite outcomes [2].

A composite outcome refers to an outcome with mul-
tiple distinct components [3]. The use of composite out-
comes increases the likelihood of timely completion of a 
trial, by increasing the event rates and power of analysis, 
hence reducing the sample required to achieve a statisti-
cally significant result [3]. Additionally, many research-
ers believe that reporting a composite outcome reduces 
the amount of information for patients, by reducing the 
number of endpoints for decision-making, thus simplify-
ing the communication process. Composite outcomes are 
considered useful in communicating the “net effect” of an 
intervention, as represented by outcomes such as event-
free survival [1].

Composite outcomes are also used to address the issue 
of competing risks [4]. Competing risks arise when the 
occurrence of one outcome precludes the occurrence of 
another, usually less serious outcome. This might lead to 
an apparent decrease in the incidence of the outcome 
concerned, creating a false impression on the usefulness 
of the intervention [4].

Reviews of adult randomized controlled trials (RCTs) 
have identified the following problems related to inap-
propriate use and reporting of composite outcomes: poor 
definition, discordant patient importance, effect sizes and 
event rates between components, predominant contribu-
tion of the component with lesser importance to patient 
care, and a lack of reporting on the estimates of the indi-
vidual components [5–8]. These problems may mislead 
healthcare decision-makers and patients by giving a false 
impression on the usefulness of the intervention. It has 
been recommended that composite outcomes should 
only be reported if the components are comparable in pa-
tient importance, effect sizes, and event rates [2, 3]. It is 
unclear whether composite outcomes in neonatal RCTs 
were incorporated appropriately based on the aforemen-
tioned criteria.

Objectives

We determined the proportion and characteristics of 
composite outcomes in neonatal RCTs with the following 
objectives: to assess the proportion of patients who were 
presented appropriately, based on similarity in patient 
importance, effect size, and event rates; to assess the pro-
portion with components of truly competing risk; and to 
assess the number of individual components that were 
reported alongside the corresponding composite out-
comes.

Methods

We conducted an analysis of the RCTs included in the Co-
chrane Neonatal reviews (up to issue 11 of 2017). We extracted 
composite outcomes from the “Characteristics of included stud-
ies” table. A summary of our methods is provided in the following 
text, with a more detailed report of the methods provided in online 
supplement 1 (for all online supplementary material, see www.
karger.com/doi/10.1159/000514402).

We determine the comparability of patient importance of the 
components in independent duplicates and calculated the ratio of 
the effect sizes (relative risk) and event rates between the compo-
nents, with a threshold of 1.5 adopted a priori to denote a substan-
tial difference between the components. We also determined 
whether the components in the composite were appropriately con-
sidered as outcomes with competing risk, using principles outlined 
in previous publications [4, 9]. Additionally, we assessed the num-
ber of components that were highlighted individually alongside 
the composite outcomes, by inspecting the primary outcomes re-
ported by the authors from the Characteristics of Included studies 
tables, supplemented by an assessment of the full text of the indi-
vidual studies. We reported our findings using standard descrip-
tive statistics (SPSS 23, Chicago, IL, USA). This study was ap-
proved by Cochrane Neonatal and used only published data from 
Cochrane Neonatal reviews and individual published studies.

Results

We identified a total of 7,766 outcomes in 2,134 RCTs 
in 312 reviews. There were 55 composite outcomes (0.7%) 
identified in 46 RCTs. Thirty-two of these RCTs included 
only preterm infants, 4 included term and late-preterm 
infants, and 10 included infants of all gestations. There 
were 2 components in 51 composite outcomes, and in the 
remaining 4 outcomes, 2 included 3 components and 2 
included 4 components. Mortality, measured at various 
time points, was included most often, in 51 of 55 out-
comes. Apart from mortality, there were 14 other differ-
ent outcome domains, as displayed in online supplement 
2. Bronchopulmonary dysplasia or chronic lung disease 
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was most commonly paired with mortality (24 times), fol-
lowed by neurodevelopmental disability (9 times) and 
“brain abnormality” on cranial ultrasound (excluding in-
traventricular hemorrhage) (8 times).

Comparability of Patient Importance, Effect Sizes, and 
Event Rates
There was fair interrater agreement on the similarity 

of patient importance between the components (Cohen’s 
kappa: 0.68). Based on our consensus, 27.3% of the com-
posite outcomes (n = 15) had components of similar pa-
tient importance, and among these, mortality was a com-
ponent in 13 outcomes.

Data on effect sizes and overall event rates of the com-
ponents were reported in 53 outcomes (112 components) 
in 44 RCTs. Half of the components (27, 49.1%) differed 
substantially in effect sizes (by up to 9 folds), and two-
thirds (35, 63.6%) differed substantially in event rates (by 
up to 43-folds).

The components had opposite effects in 25 of 55 out-
comes (45.5%). In 51 outcomes where mortality was a 
component, the paired component had an opposite effect 
to that of mortality in 24 outcomes (47.1%). The overall 
effect of the composite outcome was opposite to that of 
mortality in 15 outcomes (29.4%), with 10 showing an 
overall reduction in the risk, while mortality was actually 
increased.

Combination on the Basis of Competing Risk
We considered 40 outcomes (72.7%) as having truly 

competing risk between the components. Of these, com-
ponents in 11 outcomes (27.5%) were judged to have sim-
ilar patient importance. On the other hand, among the 15 
composite outcomes that were not considered outcomes 
with competing risks, 10 of them (66.7%) had compo-
nents with clearly different patient importance.

Proportion of Individual Components Highlighted
A single component was presented alongside the com-

posite outcome in 16 occasions (29.1%); both compo-
nents were presented in 13 occasions (23.6%), and all 3 
components were presented in one occasion (1.8%). Of 
51 composite outcomes that included mortality, mortal-
ity was highlighted as an individual component 17 times 
(33.3%). A detailed list of each composite outcome with 
its components, effect sizes, overall event rates, rating of 
similarity in patient importance, and rating of appropri-
ateness of the components as outcomes with competing 
risk is provided in online supplement 3.

Discussion

The proportion of adult RCTs that included at least 
one composite outcome ranged approximately from 37 
[7] to 47% [6]. In comparison, much fewer neonatal RCTs 
included composite outcomes. However, like adult trials 
[5, 7, 8], the majority of the composite outcomes in neo-
natal RCTs included mortality as a component, while the 
other components included mostly lung, brain, or devel-
opmental conditions that were specific to the neonatal 
populations. Our main finding, similar to reports from 
studies on adults, is the high proportion of composite 
outcomes in neonatal RCTs with contrasting patient im-
portance, effect sizes, and event rates.

The overall effect of the composite was opposite to that 
of the more important component such as mortality in 
half of the cases, some showing an overall reduction in 
mortality or morbidity, while mortality was actually in-
creased. While mortality might have been included as a 
censoring outcome, the overall findings might confuse 
lay readers whose focus is on mortality. This reaffirms the 
concerns that composite outcomes might lend itself to 
injudicious interpretation, making the intervention ap-
pear more useful than it actually is, or even disguising its 
harmful effect on the outcomes with high patient impor-
tance such as mortality [4, 5].

Many clinical trials on adult patients in cardiology, en-
docrinology, and oncology include composite outcomes 
on the basis of competing risk [4, 10]. In neonatal re-
search, competing risk is perhaps an even greater issue 
because death in a newborn is usually considered prema-
ture in terms of timing. Statistically, a newborn’s death 
distorts the representation of all conditions that manifest 
or are assessed in the medium or longer term. Therefore, 
death is widely seen as a “censoring variable” in the eval-
uation of long-term outcomes for neonates. One com-
mon way of addressing the censoring effect of death is to 
use a composite of death and another outcome. However, 
the concern of this approach is the potential failure to 
predict either death or another outcome [11]. A notable 
example on the use of composite outcomes in neonatol-
ogy is the NeOProM Collaboration [12]. In this collabo-
ration, data from 5 RCTs comparing higher (91–95%) 
versus lower (85–89%) oxygen saturation targets in pre-
term infants were prospectively combined in a meta-
analysis. The primary outcome of the meta-analysis was 
a composite of death or major disability, which included 
blindness, deafness, and cerebral palsy, assessed at a cor-
rected age of 18–24 months. There was no difference be-
tween groups in this composite outcome, but more in-
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fants who received oxygen within the lower target range 
died. This example shows that although the composite 
outcome was chosen on the appropriate basis, such re-
sults might create confusion in decision-making, espe-
cially to caregivers who view death differently from all the 
other outcomes. Commendably, the authors of this study 
made available the results of all individual components as 
secondary outcomes to avoid such confusion. Opinions 
vary widely on how clinical outcomes should be com-
bined based on competing risk. Manja et al. [4] recom-
mended using composite outcomes on this basis if com-
peting risk is plausible and occurs at sufficiently high fre-
quency to affect interpretation of the outcome of interest. 
Tai et al. [10] and Lubsen and Kirwan [9] favored statisti-
cal adjustments on the outcomes concerned over the use 
of composite outcomes to account for competing risk. In 
our study, although nearly two-thirds of the composite 
outcomes were appropriately chosen on the basis of com-
peting risks, there remains a challenge in getting an ac-
curate message to caregivers about the major effect of the 
intervention because the vast majority had marked dis-
crepancies in patient importance, with no individual 
components reported alongside the composite outcomes.

Limitations
First, we did not include consumers in judging the 

comparability of patient importance, especially on the 
impact of the component outcomes on life as there might 
be a difference in the perception between a patient or a 
caregiver and a medically trained person. Next, we relied 
on the information in the Characteristics of Included 
Studies table of the Cochrane reviews. Despite the rigor 
in the development of Cochrane reviews with clear expec-
tations on the quality of the data [13], we could not rule 
out a possibility that information in the table were inac-
curate as we only cross-checked in some but not all the 
full texts of over 2,000 individual studies, which was prac-
tically impossible. Consequently, we might have underes-
timated the number of composite outcomes reported.

The information presented in the Characteristics of 
Included Studies table were insufficient for us to deter-
mine whether the composite outcomes were designated 
as primary or secondary outcomes. Because we did not 
assess the full texts of all included trials, we were unable 
to determine if the use of composite outcome is related to 
trial sample size and whether sample size calculation of 
each trial, had it been conducted, was based on the com-
posite outcome. We therefore could not verify the state-
ment that a major reason for the use of composite out-
come is to manage sample size. However, we believe that 

even if we had examined all full texts, we still would not 
have acquired sufficient information for this purpose as 
sample size calculation strategies were often poorly re-
ported in published trials [14, 15]. Due to the limitations 
on our data, we were unable to evaluate other potentially 
valuable research questions on the use of composite out-
comes, such as its relationship to methodological rigor, 
including the possibility of reporting bias, especially in 
the case where individual components were not fully re-
ported.

To determine what constituted a substantial difference 
in effect sizes and event rates, we adopted a threshold of 
1.5 based on the ratio of one figure over another, rather 
than a series of absolute differences, as adopted by Mon-
tori et al. [2]. Our approach increases sensitivity in cap-
turing relatively important differences in the effect sizes/
event rates when they were low, at the expense of missing 
important differences in high effect sizes/event rates, for 
instance, in relative risks greater than 1.5 and event rates 
higher than 50%.

Last, despite having approval from Cochrane Neonatal 
and using only published data, we did not register our 
study protocol with an established trial registry. This 
could have affected readers’ perception on the credibility 
of our findings.

Conclusions

A small proportion of neonatal RCTs included com-
posite outcomes, but many had components with discor-
dant patient importance, effect sizes, and event rates. This 
suggests that while the use of composite outcomes may be 
statistically justifiable, care should be taken to communi-
cate their effects appropriately. We strongly recommend 
trialists to report all individual components alongside the 
composite outcomes in future trials to facilitate accurate 
communication between clinicians and caregivers.
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