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All I want for Christmas…is a precisely 
defined research question
Suzie Cro1†    and Rachel Phillips1*†    

Each year, Santa Claus and his reindeer have the monu-
mental task of delivering billions of presents across 
the world. With an ever-increasing population [1] and 
number of presents to deliver, Santa must continu-
ally find new ways to optimise his present delivery. This 
includes reindeer performance. Over recent years, he 
had noticed reindeers who ate carrots before starting 
their 24-h Christmas Eve journey tired more easily than 
those that ate Mrs Claus’ homemade mince pies, and 
he started to wonder if this was related to their chosen 
pre-flight meal. Santa decided to put his theory to the 
test and as part of his delivery improvement research 
programme conducted a randomised controlled trial to 
investigate the impact of a reindeer’s pre-flight meal on 
performance. On Christmas Eve 2023, Santa gathered 
nine reindeers (Dasher, Dancer, Prancer, Vixen, Comet, 
Cupid, Donner, Blitzen and, of course, Rudolph [2]) from 
the population of flying reindeers and randomly assigned 
each one to a pre-flight meal of carrots or a mince pie. 
On Christmas morning, immediately after successfully 
delivering all the presents carefully made in his work-
shop, Santa collected different measures of performance 
from each reindeer. Afterwards, he shared the data he 
collected with his friendly statistical elf and asked them 
to answer the question: does the reindeer’s pre-flight 
meal impact performance? But this research question is 
too vague. To make an informed decision about which 

pre-flight meal performs best, the statistical elf reminds 
Santa that he needs to ask a more precise question in 
line with the International Conference on Harmonisa-
tion E9 Addendum on Estimands and Sensitivity Analysis 
in Clinical Trials (ICH E9 (R1)). Otherwise, the statisti-
cal elf might not give Santa the answer to the question 
he wants answered. This would result in a waste of Santa 
Claus’ research time, costs and efforts in doing the trial. 
To avoid any confusion and ensure Santa gets the answer 
to his question of interest, just like in any trial of a health-
care intervention, he needs to specify five key attributes 
[3–6]:

1)	 What treatment conditions are being compared—a 
full bunch of five carrots versus a single mince pie.

2)	 What population is the treatment effect being 
explored for—population of flying reindeers.

3)	 What outcome (or endpoint) is being measured to 
assess performance on—tiredness score, using a VAS 
on a scale of 0 = not tired at all to 100 = most tired 
measured on Christmas morning.

4)	 What summary measure (i.e. statistic) is to be calcu-
lated to compare the treatment conditions—the aver-
age between intervention group difference is suitable 
for the numerical tiredness outcome score. In other 
settings, for different outcome types, different sum-
mary measures may be more appropriate. For exam-
ple, for a binary outcome, a risk ratio or risk differ-
ence; for a count outcome, a rate ratio; or for time 
to event outcome, a hazard ratio may be appropri-
ate; for each of the aforementioned outcome types, 
other summary measure options exist [7–9], and the 
most appropriate should be chosen based on the trial 
objective.
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5)	 How to handle intercurrent events, which are impor-
tant events that can happen to the reindeers in the 
trial after randomisation and effect either the inter-
pretation or existence of their outcome. Such events 
require careful consideration, but first Santa needs to 
identify these events. So what events does Santa need 
to consider? Figure 1 shows different reindeer experi-
ences and the types of events that happen to the rein-
deers after randomisation, including:

	 i.	 Reindeer not stomaching the full bunch of car-
rots they were assigned as their pre-flight meal 
and only finishing one carrot.

	 ii.	 Cheeky reindeer switching their allocated pre-
flight meal by stealing one of Mrs Claus’ freshly 

made mince pies and leaving the bunch of car-
rots they were assigned to uneaten.

	 iii.	 Sneaky reindeer, feeling a little peckish on the 
journey eating snacks left out for Santa Claus.

	 iv.	 Bold reindeer drinking sherry left out for Santa 
Claus.

	

Considering how these different intercurrent events 
are handled is important, since different ways of han-
dling them can lead to quite different conclusions about 
the most beneficial pre-flight meal. See Table 1 for differ-
ent strategies for handling intercurrent events. We note 
that if a reindeer were not to come back and provide 

Fig. 1  Potential reindeer experiences over Christmas Eve

Reindeers 1 and 2 adhere to their assigned pre-flight meal. Reindeers 3 to 6 experience different intercurrent events



Page 3 of 5Cro and Phillips ﻿Trials          (2024) 25:784 	

their tiredness score resulting in missing data (i.e. loss 
to follow-up), this is not an intercurrent event. Missing 
data often occur alongside intercurrent events but is not 
by itself an intercurrent event [10]. It is the intercurrent 
event that affects the interpretation of the outcome and 
not the missing data. Missing data would be an issue that 
the statistical elf needs to handle as part of their statisti-
cal analysis. By specifying the five attributes (1–5 above), 
Santa Claus will clarify precisely what treatment effect 
he is interested in, referred to as an ‘estimand’ [10]. This 
ensures he will get the answer to the question of inter-
est and correctly interpret the trial results to make an 
informed decision.

For example, Santa could be interested in:
Estimand 1: The average difference (summary meas-

ure) in tiredness score (outcome) between eating a mince 
pie and a bunch of five carrots (treatment conditions) for 
flying reindeers (population) regardless of whether all 
the carrots or mince pies are eaten or cheeky reindeers 
switching allocations or sneaky reindeers eating other 
food on route or bold reindeers indulging in Santa’s 
sherry (intercurrent events—treatment policy strategy).

Or he could be interested in:
Estimand 2: The average difference (summary measure) 

in tiredness score (outcome) between eating a mince pie 
and a bunch of five carrots (treatment conditions) for fly-
ing reindeers (population) if all flying reindeers adhere to 
the allocated pre-flight meal and do not receive any addi-
tional foods or sherry (intercurrent events—hypothetical 
strategy).

If Santa had asked his friendly statistical elf to inves-
tigate estimand 1, then his statistical elf could have pro-
ceeded to include all reindeer outcomes in the analysis 
regardless of the occurrence of any of the reindeer she-
nanigans (intercurrent events) and use a suitable analysis 
model that estimates the mean difference in outcome by 
allocated food allocation, for example, a linear regres-
sion model including the tiredness VAS score as outcome 
and the food allocation as the exposure. This aligns with 
a conventional intention-to-treat trial analysis including 

everyone randomised and all outcomes regardless of sub-
sequent events. Santa’s elf would have reported that the 
mean difference in tiredness score for mince pies com-
pared to carrots was -15, demonstrating a small beneficial 
effect of the mince pies. But this has not accounted for 
reindeers not tolerating all of their carrot meal, reindeers 
switching their pre-flight meal from carrots to a mince 
pie and some reindeers consuming contraband (cookies 
or sherry) on route.

If Santa had instead asked his friendly statistical elf to 
investigate estimand 2, his statistical elf could have pro-
ceeded to set the tiredness VAS score outcomes to miss-
ing for all reindeer who experienced an intercurrent 
event and then used a missing data method to attempt 
to recreate what the outcomes would have looked like, 
had the intercurrent events not occurred, for exam-
ple, a method such as multiple imputation or inverse 
probability weighting or likelihood-based analyses to 
recreate outcomes in the hypothetical setting [11, 12]. 
Alternatively, causal inference methods could be used 
[13]. For this hypothetical estimand, Santa’s elf would 
have reported that the mean difference in tiredness 
score was -55. This demonstrates a much bigger effect of 
the mince pies when accounting for all of the reindeers’ 
shenanigans.

In reality, the statistical elf would have found the sam-
ple size was too small (nine reindeers) to estimate these 
estimands reliably using the discussed methods. We pro-
vide fictitious results for the purpose of illustration and 
would not advise employing the discussed hypothetical 
estimation approaches in practice with such a small sam-
ple size.

Like optimising performance for flying reindeer, in 
trials of healthcare interventions multiple different 
questions can be investigated and the answers to these 
questions may lead to different conclusions on treatment 
benefit [5]. In such trials, participants may similarly expe-
rience different types of intercurrent events which when 
handled in different ways can result in different impres-
sions of treatment benefit. In a clinical  trial setting, the 

Table 1  Strategies for handling intercurrent events

* Not applicable when the outcome is only measured at trial end

Strategy Description

Treatment policy Use tiredness score regardless of reindeer shenanigans (intercurrent events).

Composite The reindeer shenanigans (intercurrent events) are absorbed into the tiredness score outcome 
by assigning a particular tiredness score to the reindeers participating in the shenanigans (inter-
current events). This essentially re-defines the outcome.

While on treatment Use the tiredness score before* the reindeer shenanigans (intercurrent events).

Hypothetical Consider what the tiredness score would have been if the shenanigans had not occurred.

Principal stratum Restrict the population of interest to the reindeers who would not participate in the shenani-
gans.
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above intercurrent events (i)–(iv) would be analogous to 
(i) treatment intolerance, (ii) treatment switching, (iii) 
using rescue therapy, and (iv) taking a contraindicated 
medication (Table 2). Many more are possible. It is there-
fore important to have a clear understanding of exactly 
what treatment effect a trial intends to investigate, i.e. 
what ‘estimand’ is of interest. Trial design, conduct and 
analysis can then be aligned to address this.

The use of estimands in trials was brought to the fore-
front by the publication of an addendum to the ICH E9 
harmonised guideline on statistical principles for clini-
cal trials on estimands and sensitivity analysis in clini-
cal trials in November 2019 (ICH E9 (R1)) [10]. These 
guidelines are now adopted by regulators worldwide and 
require the use of estimands. However, research has iden-
tified slow uptake of the use of estimands and moreover, 
that without estimands, it is often unclear what precisely 
is being estimated in trials, potentially leading to misin-
terpretation or the use of inappropriate statistical meth-
ods [14]. Five years on from the publication of the ICH E9 
(R1), we urge trialists to implement the estimand frame-
work into their practice, clearly specifying their precise 
research question using estimands. For more details on 
using estimands in trials of healthcare interventions, 
see a primer by Kahan et  al. [3]. Disclaimer: This is an 
entirely fictitious trial setting. Neither mince pies nor 
carrots may impact reindeers’ performance or indeed be 
edible by them. But Santa enjoys sherry regardless of the 
impact on bold reindeers!
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