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Abstract

Objective: This structured methodology review evaluated statistical approaches used in RCTs 

enrolling patients at high risk of death and makes recommendations for reporting future RCTs.

Study design and setting: Using PubMed, we searched for RCTs published in five general 

medicine journals from January 2014 to August 2019 wherein mortality was ≥10% in at least one 

randomized group. We abstracted primary and secondary outcomes, statistical analysis methods, 

and patient samples evaluated (all randomized patients vs. “survivors only”).

Results: Of 1947 RCTs identified, 434 met eligibility criteria. Of the eligible RCTs, 91 (21%) 

and 351 (81%) had a primary or secondary functional outcome, respectively, of which 36 (40%) 

and 263 (75%) evaluated treatment effects among “survivors only”. In RCTs that analyzed all 

randomized patients, the most common methods included use of ordinal outcomes (e.g., modified 

Rankin Scale) or creating composite outcomes (primary: 41 of 91 [45%]; secondary: 57 of 351 

[16%]).

Conclusion: In RCTs enrolling patients at high risk of death, statistical analyses of functional 

outcomes are frequently conducted among “survivors only,” for which conclusions might be 

misleading. Given the growing number of RCTs conducted among patients hospitalized with 

COVID-19 and other critical illnesses, standards for reporting should be created.

Keywords

Randomized controlled trials; patient mortality; functional outcomes; “truncation due to death”; 
“survivors only” analysis; reporting guidelines

1 INTRODUCTION

Though mortality is often the primary outcome in randomized controlled trials (RCTs) 

enrolling patients that are at high risk of death, such as patients in an intensive care unit 

or with an advanced cancer, functional outcomes (e.g., cognition, physical disability and 

quality of life) are frequently evaluated as key secondary outcomes or, increasingly, as 

primary outcomes.1,2 Within the subset of trial participants, however, who die before follow­

up is completed, functional outcomes cannot be assessed; this “truncation due to death,” as it 

is known in the statistical literature, complicates comparisons across randomized groups.3,4,5 

To adhere to the intention-to-treat principle, for example, all randomized participants should 

be analyzed, but functional outcomes are undefined for those who die prior to assessment. 

Additionally, a “survivors-only” comparison of functional outcomes may be biased if 

mortality differs across randomized groups such that measured or unmeasured baseline 

characteristics of the survivors for whom functional outcomes can be obtained are not 

balanced.6

Even though these issues have been highlighted in both the statistical and medical 

literature,6,7,8 we hypothesize that the issue of “truncation due to death” is not widely 

considered during the design and analysis of RCTs that enroll patients at high risk of death, 

leading to uncertainty in conclusions regarding functional outcomes. Further, given the 

growing number of RCTs that enroll hospitalized patients with COVID-19 and other critical 
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illnesses whom experience high mortality,9,10,11,12 it is urgent that reports of analyses and 

results regarding functional outcomes that may be “truncated due to death” be standardized. 

We therefore present findings of a structured methodology review of RCTs that enrolled 

patients at high risk of death published in 5 high-impact general medical journals. Our 

primary goals were to identify functional outcomes, to describe the statistical methodology 

applied when analyzing these functional outcomes, and to make recommendations for 

reporting.

2 METHODS

2.1 SEARCH STRATEGY AND SELECTION CRITERIA

This structured methodology review was conducted in accordance with the PRISMA 2009 

Checklist for reporting a systematic review, with one exception. We did not assess risk of 

bias since this assessment was not relevant to the objective of our review (i.e., we focused on 

the outcomes assessed and statistical methods used rather than on the findings/conclusions 

of the RCTs).13

A medical librarian searched PubMed to identify all RCTs published from January 1, 2014 

through August 13, 2019 in the following five high-impact, general medicine journals: 

Annals of Internal Medicine, British Medical Journal, Journal of the American Medical 
Association, Lancet, and New England Journal of Medicine. These journals were selected 

based on both the breadth of patient populations evaluated in RCTs typically published in 

these journals and their requirement that authors adhere to the CONSORT 2010 guidelines 

when reporting the design, analysis and results of RCTs.14 Search terms were used to 

limit results to the relevant dates, journals, and publication types specified, e.g., (“Lancet” 

[Journal]) AND (“2014”[Date-Publication]) AND (randomized controlled trial [pt] OR 

controlled clinical trial [pt])

Initially, the identified citations’ titles and abstracts were screened for the presence of the 

words: “death”, “mortality” or “survival”, using the R statistical software (qrep function). 

Subsequently, two investigators (among EC, MDH, KA and XL) independently reviewed 

each selected citation’s abstract to determine whether the following eligibility criteria were 

met: RCT, reported mortality ≥10% in at least one treatment group. This threshold for 

reported mortality was used to define patient populations at high risk of death.

From each eligible article (and their supplemental appendices, if provided), two investigators 

(among EC, MDH, KA and XL) independently extracted the following information: a) 

primary outcome, b) one secondary functional outcome, if available, and c) statistical 

analysis methods used to analyze the primary outcome and secondary functional outcome, 

if applicable. For RCTs with more than one secondary functional outcome, we selected 

the outcome with a clearly defined statistical analysis method that was first reported in the 

Methods section.

Throughout the process, discrepancies were resolved through consensus, with adjudication 

by EC if consensus could not be reached among the two reviewers.
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2.2 DATA ANALYSIS

As described below, for each outcome, we recorded the type of variable, statistical analysis 

method for making comparisons across the randomized groups (e.g., two-sample t-test), and 

the sample population upon which the comparisons were made (e.g., all randomized patients 

or survivors).

We classified the type of variable into one of 5 categories: a) mortality: including overall 

survival, disease-specific survival, or landmark mortality status at a fixed point in time 

(e.g., alive at 6 months post-randomization); b) composite: mortality combined with 

another patient outcome, such as disease progression (e.g., progression-free survival) or 

hospitalization (e.g., hospital-free survival); c) continuous: an outcome or characteristic of 

the patient taking any value within a range of real numbers (e.g., distance walked within a 

6-Minute Walk Test), d) ordinal: ranked categories of health states from worst to best (e.g., 

modified Rankin Scale), and e) binary: the presence vs. absence of a patient condition or 

event (e.g., occurrence of an adverse event).

For each primary and secondary outcome, we classified the statistical analysis method(s) 

used into 8 categories: a) survival: a time-to-event analysis (e.g., Log-rank test or Cox 

proportional hazards model), b) competing risk: the Fine and Gray competing risk survival 

model with death defined as the competing risk, c) parametric: parametric methods 

including two-sample t-tests, linear regression, linear mixed models, two-sample tests for 

proportions, or logistic regression models, d) non-parametric: non-parametric methods 

including Wilcoxon rank-sum test, Chi-square test), e) incidence rate: number of events 

divided by total exposure time for each randomized group, compared by Poisson test, f) 

worst-rank analysis: creation of a new outcome variable where patients who die are assigned 

a worst state to the continuous, ordinal or binary outcome with group comparisons made 

using a non-parametric method (e.g., for patients who die, assign a score of −1 for the 

6-Minute Walk Test distance and use the Wilcoxon rank sum test),15,16 g) survivor average 

causal effect: causal inference approach comparing the average functional outcome among 

patients who would have survived regardless of the intervention they receive,17,18,19,20 or 

h) pattern mixture model: approach applied to functional outcomes measured repeatedly 

over the course of the RCT where the average functional outcomes measured over time 

are compared among subsets of patients with similar survival experiences.21,22 We recorded 

a single statistical analysis method for each outcome, but we anticipated that multiple 

statistical analyses may be reported for an outcome. In such cases, we used the analysis 

reporting data on all randomized patients (e.g., we recorded the worst-rank analysis if the 

two-sample t-test was reported as the primary analysis and the worst-rank analysis was 

conducted as a sensitivity analysis).

When identifying the sample population upon which randomized group comparisons 

were made, we relied on the text of the statistical methods and results along with the 

accompanying tables and/or figures (reported in the main text or supplement).

The extracted data were summarized using counts and proportions. Statistical analyses were 

conducting using R.23 The protocol for this structured review was registered in PROSPERO 

(CRD42018102656).24
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2.3 ROLE OF FUNDING SOURCE

This work was supported through a grant from the National Heart, Lung and Blood 

Institute (NHLBI R24HL111895). The funder of the study had no role in study design, 

data collection, data analysis, data interpretation, or writing of the report. The corresponding 

author had full access to all the data in the study and had final responsibility for the decision 

to submit for publication.

3 RESULTS

3.1 DATA SYNTHESIS

Our search identified 1947 published RCTs, of which 773 (40%) were selected for inclusion 

based on the initial automated screen for the keywords: “death”, “mortality” or “survival” in 

the title or abstract (Figure 1, Table 1). Of these 773, 434 (22%) met eligibility criteria with 

91 (20%) reporting a primary functional outcome and the remaining 343 (80%) reporting 

mortality or a composite outcome as the primary outcome. A secondary functional outcome 

was identified in 81% (n=351) of 434 eligible published RCTs.

All identified ordinal outcomes included mortality as a ranked health state. Specifically, the 

modified Rankin Scale and Glasgow Outcome Scale ranked death as the worst health state, 

and the EQ-5D utility score includes death as a numeric score of 0 and includes negative 

values to represent health states worse than death. One RCT reported estimating the survivor 

average causal effect and one study reported the use of a pattern mixture model.

The sample population used for statistical analysis of the functional outcomes was seldom 

explicitly stated such that we had to deduce this information from the statistical analysis 

methods, reported results, and/or supplemental appendices (e.g., the number of surviving 

patients was provided as the sample size in the results table accompanying the mean (SD) 

of a continuous functional outcome). Parametric and non-parametric analyses of continuous 

and binary variables were applied to only surviving patients; otherwise, all randomized 

patients were included in the analysis of the functional outcomes. Note that although the 

survivor average causal effect is comparing the average functional outcome among a subset 

of patients who would survive regardless of which randomized group they were assigned, 

we classified this approach as one that includes all randomized patients since to estimate the 

survivor average causal effect, a model for the probability of surviving is developed using 

data from all randomized patients.18

3.2 PRIMARY FUNCTIONAL OUTCOMES

Among the 91 eligible RCTs with a primary functional outcome, 64 (70%) were continuous 

or binary outcomes, and the remaining 27 (30%) were ordinal outcomes (modified Rankin 

Scale: Glasgow Outcome Scale: 6, study-specific defined ordinal outcome: 2) (Table 2). 

Forty percent (n = 36) of the 91 primary functional outcomes were analyzed using data 

from only surviving patients. The remaining 55 (60%) of 91 primary functional outcomes 

were analyzed using data from all randomized patients; these included 27 ordinal outcomes. 

Among the 64 RCTs with continuous or binary primary functional outcomes, 14 (22%), 5 

(8%) and 9 (14%) were analyzed using the worst-rank, incident type, and competing risk 
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approach, respectively, and the remaining were analyzed using parametric or non-parametric 

methods applied to only surviving patients (Supplemental Table).

3.3 SECONDARY FUNCTIONAL OUTCOMES

Among the 351 eligible RCTs for which we identified at least one functional secondary 

outcome, 76% (n = 267) had hypothesized a difference in mortality between treatment 

groups based on having either a primary outcome of mortality (35%, n = 124) or a 

composite primary outcome including mortality (41%, n = 143). Of the 351 identified 

secondary functional outcomes, 320 (91%) were continuous or binary. Regardless of the 

variable type, only 25% (88 of 351) of the secondary functional outcomes were analyzed 

using an approach that included all randomized patients; 31 of the 88 secondary functional 

outcomes analyzed in this way were ordinal. Of the 320 continuous and binary secondary 

functional outcomes, 24 (8%) were analyzed using the worst-rank analysis, 21 (7%) were 

analyzed as incident type, 10 (3%) were analyzed using a competing risk approach (e.g., 

time to improved quality of life with death as competing risk), 1 (<1%) was analyzed using 

the survivor average causal effect, and 1 (<1%) was analyzed using the pattern mixture 

model (Supplemental Table). The majority (82%) of the continuous and binary secondary 

functional outcomes were analyzed using a parametric or non-parametric method applied 

only to surviving patients.

4 DISCUSSION

In this structured methodology review of 434 RCTs enrolling patients at high risk of death, 

published between January 1, 2014 and August 13, 2019 in 5 high impact general medical 

journals, we found that 76% of the RCTs had mortality or a composite endpoint (including 

mortality) as the primary outcome and 21% and 81% of the RCTs had a primary or 

secondary functional outcome, respectively. As previously reported,8 there is no perfect 

solution for the analysis of functional outcomes “truncated due to death;” however, three key 

findings from this review support recommendations for the design and reporting of RCTs 

enrolling patients at high risk of death (Table 3).

First, the sample population used in the analysis of functional outcomes was seldom 

explicitly stated. We were able to deduce the sample population using the description of 

the statistical method and data presented in tables or supplementary appendices, an approach 

consistent with CONSORT 2010 guidance (see Guideline 16).14 However, the potential 

challenges to interpreting results in these RCTs warrant more explicit reporting by study 

authors. More specifically, when reporting RCTs conducted among patients at high risk of 

death, authors should clearly state in the Methods section the population of participants 

included in the analysis of functional outcomes (Table 3).25,26 This recommendation is a 

necessary part of comprehensive and transparent reporting of missing data and missing data 

analyses, both of which are currently part of the author instructions for New England Journal 
of Medicine and Annals of Internal Medicine.

Second, of the RCTs in our review that included a primary or secondary functional outcome, 

40% and 75%, respectively, compared the functional outcome across randomized groups 

using data only from surviving patients. Findings from such comparisons based only on 
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survivors should be interpreted with caution as the results from the “survivors-only” analysis 

can only be interpreted as the causal effect of treatment on the functional outcome when 

the randomized groups have no effect on mortality. If the trial intervention does effect 

mortality, survivors assessed for functional outcomes may be systematically different across 

the randomized groups; such differential follow-up may bias results. Therefore, in addition 

to clearly defining the sample population used in the analysis, when reporting “survivors­

only” analyses, authors should report on measured baseline characteristics across survivors 

in the randomized groups and describe limitations of the analysis in the Discussion section 

with explicit mention of how measured and unmeasured confounders may impact their 

conclusions.

Lastly, of the RCTs that included a primary or secondary functional outcome, 60% and 25%, 

respectively, compared the functional outcome across randomized groups using data from all 

randomized patients. These comparisons adhere to the intention-to-treat principle; however, 

the methodology available to make such comparisons require additional assumptions. The 

RCTs that selected an ordinal variable as the functional outcome or that applied the worst­

rank analysis to a continuous or binary variable require the ability to rank mortality among a 

set of possible health states. The choice of where to rank mortality may differ based on the 

perspectives of patients, families, clinicians and researchers. Authors should describe and 

support their choice of ranking in the Methods section. Moreover, authors should describe 

in the Discussion section how their ranking may impact their findings. Alternatively, the 

survivor average causal effect compares the average functional outcome among a special 

subset of patients—those who would survive regardless of which group they are randomized 

to—which cannot be identified directly from the data. Assumptions are required to estimate 

the survivor average causal effect. For example, many of the proposed approaches for 

estimating the survivor average causal effect requires the monotonicity assumption, which 

states that there are no patients who would die when receiving the active treatment but 

survive when receiving the usual care/placebo.17,18,19,20 Further, the effect applies to a 

subset of the population that is not readily identifiable at the time of treatment decision 

making. In the Methods section, authors should clearly state and justify the assumptions 

made to estimate the survivor average causal effect. In the Discussion section, they should 

discuss the implications of potential violations of these assumptions on their findings. For 

both statistical analysis approaches, sensitivity analyses for the required assumptions should 

be presented.18, 25, 26

Our structured methodology review has potential limitations. First, we limited the review 

to articles published in one of five high-impact general medical journals, a constraint that 

may impact the generalizability of our results. For instance, cancer trials, for which mortality 

is commonly the primary outcome with secondary outcomes often including quality of life 

and other patient-reported outcomes, represented 48% of the eligible trials in the review. 

If we had included subspecialty journals in our search, our findings may have differed. 

However, selection of the five high-impact general medicine journals was based, in part, on 

the broad range of topics evaluated and on these journals’ mandatory reporting standards 

using the CONSORT 2010 guidelines. Hence, the use of statistical methods for addressing 

“truncation due to death” may be even less frequent in other medical journals that may not 

mandate such reporting. Second, it is possible that our literature search or screening process 
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did not identify some eligible RCTs published in the 5 target journals. If so, however, these 

omissions are unlikely to have caused a systematic bias to these results. Third, we only 

reported on the analysis of functional outcomes with respect to the statistical analysis and 

sample population based on the statistical methods and results reported for the RCTs, we 

did not evaluate whether the authors communicated their findings with appropriate qualifiers 

(e.g., on average, among survivors, the intervention improved the reported quality of life 

compared to the placebo). Nevertheless, though qualifiers may inform readers about the 

limitations of an analysis, they do not address the fact that that results may be biased if 

differential follow-up occurred. Lastly, comparing functional outcomes among survivors 

only may, but does not always, produce misleading findings. For example, in RCTs 

where the randomized intervention has no effect on mortality or follow-up rates, survivors 

generally represent a random sample of the randomized patients and comparisons across 

the survivors are expected to be unbiased. However, the effect of randomized interventions 

on mortality is unknown prior to conducting the trial and thus, potential biases should be 

considered when developing the statistical analysis plan and reporting approach.

In conclusion, functional outcomes are commonly reported in RCTs conducted in patients 

at high risk of death, including those with advanced cancers or critical illness. Comparisons 

of these functional outcomes between the RCTs’ randomized groups are most often 

conducted among survivors only, an approach that may lead to misleading study results. 

We have provided recommendations for reporting of statistical analyses applied to functional 

outcomes “truncated due to death,” which could help improve the conduct and interpretation 

of findings from trials conducted among patients with COVID-19 and other critical illnesses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Trials enrolling patients at high risk of death, including patients hospitalized 

with COVID-19 or other critical illnesses, evaluate functional patient 

outcomes

• Functional outcomes are “truncated due to death” making treatment 

comparisons challenging

• Authors seldom state whether patients who die are included in treatment 

comparisons

• Most often, analyses are conducted only on survivors, an approach that may 

be misleading.

• Recommendations are provided for reporting analyses conducted on 

functional outcomes “truncated due to death”
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Figure 1: 
Flow diagram
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Table 1.

Summary of eligible randomized trials published in five general medicine journals during 2014 – 2019.

Journal Name No. articles 
retrieved

No. (%) 
articles 
meeting 

eligibility 

criteria
1

No. (%) of eligible articles with functional 

outcome(s)
2

No. (%) of eligible articles 
with functional outcomes with 

comparisons based on only 

surviving patients
3

Any Primary Secondary Primary Secondary

Annals of 
Internal 

Medicine

81 6 (7) 3 (50) 3 (50) 3 (50) 2 (67) 1 (33)

British Medical 
Journal

136 5 (4) 4 (80) 3 (60) 4 (80) 1 (33) 3 (75)

Journal of the 
American 
Medical 

Association

441 92 (21) 76 (83) 31 (34) 71 (77) 17 (55) 54 (76)

Lancet 515 102 (20) 86 (84) 22 (22) 84 (82) 9 (41) 64 (76)

New England 
Journal of 
Medicine

774 229 (30) 191 (83) 32 (14) 189 (83) 7 (22) 141 (75)

TOTAL 1947 434 (22) 360 (83) 91 (21) 351 (81) 36 (40) 263 (75)

1
RCT, mortality reported for all treatment groups, and mortality ≥10% in at least one treatment group

2
Functional outcomes include continuous, binary and ordinal outcomes

3
Treatment comparisons of functional outcomes based only on surviving patients can be misleading if survivors differ in measured or unmeasured 

characteristics
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Table 2.

Summary, count (%), of primary and secondary functional outcomes by variable type and statistical analysis 

method

Journal 
Name

Primary functional outcomes Secondary functional outcome

No.

Variable type
Statistical analysis 

conducted among all 

randomized patients
1

No.

Variable type
Statistical analysis 

conducted among all 

randomized patients
1

Continuous 
or binary Ordinal

All 
variable 

types

Continuous 

or binary
2

Continuous 
or binary Ordinal

All 
variable 

types

Continuous 

or binary
2

Annals of 
Internal 

Medicine

3 3 (100) 0 (0) 1 (33) 1 (33) 3 3 (100) 0 (0) 2 (67) 2 (67)

British 
Medical 
Journal

3 3 (100) 0 (0) 2 (67) 2 (67) 4 3 (75) 1 (25) 1 (25) 0 (0)

Journal of 
the 

American 
Medical 

Association

31 26 (84) 5 (16) 14 (45) 9 (35) 71 64 (90) 7 (10) 17 (24) 10 (14)

Lancet 22 14 (64) 8 (36) 13 (59) 5 (36) 84 77 (92) 7 (8) 20 (24) 13 (17)

New 
England 

Journal of 
Medicine

32 18 (56) 12 (44) 23 (72) 11 (61) 189 173 (92) 16 (8) 48 (25) 32 (18)

TOTAL 91 64 (70) 27 (30) 55 (60) 28 (44) 351 320 (91) 31 (9) 88 (25) 57 (17)

1
Statistical analyses conducted on all randomized patients include: a) ordinal outcomes with death as a possible health state analyzed using a 

non-parametric or parametric method, b) continuous or binary outcomes analyzed using the worst-rank analysis, competing risk analysis, pattern 
mixture model, or survivor average causal effect, or c) binary outcome analyzed using incidence type analysis.

2
The number (%) of continuous or binary functional outcomes analyzed with a statistical method conducted on all randomized patients, 

denominator for the % is number of continuous or binary functional outcomes.
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TABLE 3.

Recommendations for reporting statistical analyses applied to functional patient outcomes “truncated due to 

death”

Approach 
Used

Report in Methods Report in Results Acknowledge in Discussion

Survivors-only 
analysis

State that the analysis is conducted 
only among survivors

Across randomized groups, 
compare measured baseline 
characteristics among 
survivors whose functional 
outcomes were assessed

State that the results may be biased if measured 
or unmeasured confounders among survivors differ 
across randomized groups

Describe how an unmeasured confounder may affect 
the results

Worst-rank 
analysis

State that the analysis is conducted 
among all randomized patients
Define the ranking
Provide justification of the ranking

Present results of 
sensitivity analyses for the 
ranking

State that the results may be sensitive to the ranking 
of death and the functional outcome
Describe how changes in the ranking may affect the 
results

Survivor 
average causal 
effect

State that the target comparison 
group is the subset of patients that 
would survive regardless of the group 
to which they were randomized

Present results of 
sensitivity analyses for the 
assumptions

State that the results apply to only the subset of 
patients who would survive regardless of the group 
they were randomized to

State and support with data (if 
possible) assumptions being made

Describe whether violations of the assumptions are 
possible and the impact these violations may have on 
the results
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