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We thank our three reviewers for their supportive comments. 

 

In response to the questions or comments from our three reviewers, the 

updated manuscript has a few sentences added, with added sentences 

indicated as coloured font with underline (tracked changes).  All changes 

are also listed individually below. 

 

Reviewer #1 

References: please respect journal style  

References are now first three authors, then et al. 

 

Reviewer #2 

1. Abbreviations that are non-standard, such as PRO and HUS, do you mind 

writing these out in full each time rather than using the abbreviation? 

"Patient reported outcomes" has been substituted for PRO 

"Health utility score" has been substituted for HUS 

 

 

2. Physical performance tests (L100-118): Is there any evidence that 

patients actually care about these post ICU? While patients care about 

health-related quality of life, whether they can walk 200 or 250 metres 

in 6 min after surviving ICU, intuitively, is unlikely to be a priority – 

but if I am wrong, I’d love to be informed. 

Line 117  new sentence inserted, with new supporting PLOS One 2024 [24]. 

"Of interest, some patients may respond to an awareness of lowered 

physical activity and functional capabilities with increased motivation 

to do more physical activity [24]." 

 

3. Line 156-Line 161: Would it be worth mentioning that when conducting a 

survivor only analysis, large nutritional trials have attempted to 

account for missingness – for example by undertaking sensitivity analysis 

using the worst value for each score for patients who died before 

assessment and analysing for differences in baseline characteristics 

between survivors who didn’t complete HRQOL assessment and those who did 

Line 149  New sentences inserted and suggested reference to Deane et al 

2021 included as new reference [33]: 

"A recent report describing quality of life and functional outcomes at 

six-month following a randomized critical care nutrition intervention 

[33] was improved by also reporting differential mortality and the 

results of sensitivity analyses [13] of composite outcomes constructed 

with “worst value” scores for patients who died before assessment." 

 

 

Reviewer #3 

The authors might refer to the crucial SPIRIT-PRO guidelines, even if 

they have been published in 2021.  

Line 75   New sentence inserted to mention SPIRIT-PRO, and suggested 2021 

reference added as [16]. 

"International, consensus-based guidelines are available for the 

inclusion of patient reported outcomes in clinical trial protocols [16]."  

 

Regarding the Precise RCT one might wonder if the paradoxical “beneficial 

impact” of higher protein intake on the secondary outcome 6-minute 

walking distance (in contrast to the primary endpoint) is a result of the 

Response to Reviewers



secondary outcomes not being corrected/penalized for non-random missing 

in patients who died before the time point of assessment. Imputation or 

simply attributing the lowest distance walked by a survivor (or zero 

meters) to the non-survivors could be a valuable sensitivity analysis. 

Reviewer #3 makes very reasonable suggestions on possible further 

sensitivity analyses for the Precise RCT.  No addition on this point has 

been made to the manuscript as these detailed possibilities are probably 

covered by our overall advice on how to proceed with missing data. 

 

A recent example of assessment of long term outcome in nearly 90% of 2 

year survivors and attributing non-survivors the lowest score in a 

sensitivity analysis addressing non-random missing values, might be worth 

citing. I might be biased tough, as the paper was published by our team. 

Line 204  Several new sentences added, as well as the suggested 2024 

reference as [42] 

"Very recently, pre-planned secondary analyses [42] became available of 

all-cause mortality and physical functioning scores two years after 

randomization in the multicenter EPaNIC parenteral nutrition randomized 

controlled trial.  By two years the mortality approached 20%. With the 

advantage of access to Belgian National registry data, physical function 

was determined for almost 90% of two-year survivors.  Statistical 

imputation of the remaining missing physical function data was conducted 

using two imputation models, with non-survivors attributed the lowest 

possible score. 
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Structured Abstract (181 words) 23 

Purpose of review 24 

The use of functional outcomes in critical care nutrition research is increasingly advocated, 25 

however this inevitably gives rise to missing data. Consequently there is a need to adopt 26 

modern approaches to the foreseeable problem of missing functional and survival outcomes 27 

in research trials. 28 

Recent findings 29 

Analyses that ignore unobserved or missing data will often return biased effect estimates. An 30 

improved approach is to routinely anticipate the types and extent of missing data, and consider 31 

the likely mechanisms of that missingness. The researcher and their statistical advisor may 32 

then choose from a number of modern strategies to assess the sensitivity of the research 33 

conclusions to the patterns of missingness contained in these research data. Methods widely 34 

employed include multiple imputation of missing observations, mixed regression models, use 35 

of composite outcome variables with subjects who die being attributed a value reflecting the 36 

lack of ability to function, and selected Bayesian methodology. 37 

Summary 38 

Conclusions from clinical research in critical care nutrition will become more clinically 39 

interpretable and generalizable with the adoption of modern methods for the statistical handling 40 

of missing data. 41 

Keywords: 42 

Missing data 43 

Statistical analysis 44 

critical care nutrition 45 
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Introduction 48 

In the field of critical care nutrition many knowledge gaps exist despite decades of research, 49 

with the ideal nutritional regimen potentially differing according to the clinical context of 50 

individual patients [1-3]. 51 

Eight years ago in an editorial in The American Journal of Clinical Nutrition [4], research into 52 

optimal clinical nutrition was described as based on many confounded or biased observational 53 

epidemiological analyses with a few, mostly small, randomized trials, supplemented by 54 

recommendations based on expert opinion. Within three years of that call, two important 55 

statistical tutorial articles were published in the same journal, detailing methods for handling 56 

missing research data [5, 6]. 57 

Recent years have seen substantial advances, with publication of multiple relevant large 58 

randomized trials. However, these methodologically-improved critical care nutrition trials have 59 

not delivered the hoped-for general evidence of benefit on “hard clinical endpoints”, such as 60 

mortality, duration of mechanical ventilation, or length of ICU/hospital stay [2, 7, 8]. 61 

Within this challenging context, trial design for nutritional interventions in ICU has also 62 

expanded beyond assessing primarily survival to include evaluation of functional outcomes in 63 

ICU patients, such as muscle strength, physical performance, and quality of life [7, 8], where 64 

the increased subjectivity of the latter outcomes may risk greater average bias [9]. These 65 

expanded research horizons are in accordance with developments across all of critical care 66 

research, where collection of longer-term survival and functional outcomes is increasingly 67 

advocated [10, 11]. 68 

A recent consensus conference has attempted to reduce substantial heterogeneity regarding 69 

time points, outcomes and measurement instruments in trials of nutritional and metabolic 70 

interventions in critical illness. It was recommended that all clinical research on nutritional and 71 
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metabolic interventions report results at 30 and 90 days post-randomisation on survival and 72 

activities of daily living. Additional potential measurements included physical function, 73 

nutritional status, muscle/nerve function, frailty, body composition, and organ dysfunction [12]. 74 

In this paper we aim to summarize the currently understood causes, consequences and 75 

remedial strategies relevant to missing data that mitigate against bias relevant to critical care 76 

nutrition research evaluating mortality, functional outcomes or both (Figure 1). 77 

Patient reported outcome measures 78 

The estimand framework, recently described in the ICH E9(R1) Statistical Principles for Clinical 79 

Trials addendum [13], aims to align design, conduct, and statistical analysis plans with the 80 

treatment effect or effects of interest. Among these, patient-reported outcomes and/or 81 

surrogate outcomes such as symptoms, function, and other health-related quality of life 82 

(HRQoL) outcomes complement traditional clinical endpoints such as survival [14, 15].  83 

International, consensus-based guidelines are available for the inclusion of patient reported 84 

outcomes in clinical trial protocols [16].  85 

Common patient-reported outcome measures in critical care nutrition research include 86 

instruments to asses overall health-related quality of life such as the EuroQoL 5D-5L (or 3L) 87 

[17] and the 36-Item Short Form Health Survey (SF-36), or more specific questionnaires such 88 

as the Hospital Anxiety and Depression Scale (HADS) or the Clinical Frailty Scale (CFS) [18]. 89 

The possibility to perform follow-up taken by phone or even from a proxy without an in-person 90 

visit helps to increase retention of these measurements during follow-up. However, the volume 91 

of patient-reported outcome data requested needs to be considered, as respondent burden 92 

has been reported to lead to high rates of missing data and poor reporting of patient outcome 93 

results [19]. Another complication for analysis of patient-reported outcomes is that patients 94 

with and without missing scores may differ systematically [20]. It is clear that missing patient-95 

reported outcome data threaten the interpretability and generalizability of findings by 96 
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introducing potential bias. Addressing these issues requires insight into missingness 97 

mechanisms, and consideration of possible methodological solutions to overcome missing 98 

patient-reported outcome data problems during data collection and statistical analyses [21]. In 99 

the setting of incomplete patient-reported outcome responses, mixed modeling and multiple 100 

imputation of patient-reported outcomes may be appropriate alternative analytic strategies that 101 

provide similar estimates of the average treatment effects in randomized controlled trials [20]. 102 

Physical performance tests 103 

Physical performance tests such as the Medical Research Council (MRC)-sum test, handgrip 104 

strength, 6-minute walk test and the Short Physical Performance Battery pose a threshold to 105 

participation, since they require in-person attendance at a follow-up visit and a patient who is 106 

physically able to perform the test, which may further impair the collection of accurate 107 

responses from reluctant or disabled ICU survivors. This problem was exemplified in the recent 108 

PRECISe randomized controlled trial that tested the effect of high versus standard protein on 109 

functional recovery in people with critical illness using the EQ-5D-5L health utility score as the 110 

primary endpoint [22]. In that study, a substantial number of surviving patients contributed to 111 

the primary outcome assessment using telephone or e-mail without attending physical follow-112 

up. Moreover, the proportion of surviving patients able to perform the 6-minute walking test 113 

was substantially lower than the proportion of patients able to undergo an MRC-sum 114 

assessment. Although the absolute and relative number of patients able to perform a 6-minute 115 

walking test increased during the course of the follow-up (Table 1), it is important to note that 116 

out of the 935 patients who entered in the intention-to-treat analysis, only 287 (31%) were able 117 

and willing to perform at least one 6-minute walking test at any timepoint during the follow-up. 118 

Thus, although the 6-minute walking test is considered a reliable measure for functional status 119 

[23], it may be not representative for cohorts with a high incidence or prevalence of severe 120 

disabilities. 121 
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Thus, when designing a study it is important to take into consideration the likelihood that the 122 

included patients will be able to contribute to the primary analysis for patient reported outcomes 123 

and physical performance tests, that are increasingly advocated in critical care (nutrition) 124 

research. When patients are included in the acute phase of critical illness, when the outcome 125 

is still unsure and the probability of death or disability is high, it is important to be cautious of 126 

outcomes that cannot reliably account for death or disability. Physical tests therefore seem to 127 

be particularly appropriate for research in patients with a high probability of survival, e.g. 128 

enrolled towards the end of their ICU admission, or even thereafter [10].  Of interest, some 129 

patients may respond to an awareness of lowered physical activity and functional capabilities 130 

with increased motivation to do more physical activity [24]. 131 

Missing data causes, consequences and strategies for analysis 132 

Successful clinical research requires acknowledgement that information supposed to be 133 

collected about participants may not be available for a large variety of reasons, and the 134 

absence of this information may lead to bias. Practically all critical illness nutrition research 135 

needs to anticipate and plan for these complications, and routinely implement the now well-136 

described steps for handling these challenges to the scientific validity of research analyses 137 

and interpretation. 138 

Missing data may arise in many ways, from patient dropout and loss to follow-up, registry or 139 

data linkage errors or other patient-related factors such as physical or cognitive disabilities. 140 

The increasing number of studies addressing the role of nutritional interventions on longer-141 

term functional outcomes [25, 26] is accompanied by participant retention challenges. 142 

Functional outcome studies in critical care report highly variable rates between 18% to 100% 143 

of participant retention in studies evaluating post-hospital outcomes in survivors of critical 144 

illness [27]. Some of this variable follow-up adherence may be associated with patient 145 

characteristics such as age or disease severity, both of which are relevant to critical care 146 
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outcomes [28]. As well, loss to follow-up in trials usually increases with the total duration of 147 

follow-up or the elapsed time since enrollment [28, 29].  148 

The relatively high mortality accompanying critical illness is a further analytical challenge, 149 

which especially applies during the early stages of critical illness when intervention trials have 150 

been most commonly conducted. For example, the 60-day mortality was 32% to 35% in the 151 

EFFORT Protein RCT [30] and mortality by day 180 was 38% to 42% in the PRECISe 152 

randomized controlled trial [22]. 153 

Further to this complexity, exposure–outcome relationships in studies impacted by death and 154 

attrition due to separate causes may be distinct, the predictors of death and other causes of 155 

attrition of subjects from the trial may be different, and outcomes of interest for the deceased 156 

may be better regarded as undefined rather than missing [31]. Even though randomization 157 

generates comparable treatment and control groups, patient deaths before the measurement 158 

time point of their outcomes may result in the truncation by death problem where remaining 159 

survivors differ in background variables that are prognostic to the outcome [32]. 160 

Especially in the past, clinical nutrition research has often addressed these challenges simply 161 

by ignoring death and conducting selective “survivors-only” analyses [28].  However, it is clear 162 

that also properly addressing the mechanisms of missing data is crucial to new knowledge 163 

discovery, as improper data handling with incorrect assumptions may often create biases that 164 

undermine the validity of a study’s findings and materially affect the clinical implications of the 165 

research.  A recent report describing quality of life and functional outcomes at six-month 166 

following a randomized critical care nutrition intervention [33] was improved by also reporting 167 

differential mortality and the results of sensitivity analyses [13] of composite outcomes 168 

constructed with “worst value” scores for patients who died before assessment. 169 

Methods for the statistical analysis of data with missing values depend on the underlying 170 

mechanism of the “missingness”, which has been subject to decades of complex exploration 171 
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in the mathematical statistical literature. Terms that will be encountered include “missing 172 

completely at random” (MCAR), “missing at random” (MAR) or “missing not at random” 173 

(MNAR), while alternative terms include “informative missingness” and “informative censoring” 174 

[21, 34]. While researchers need to have heard of the above longstanding MCAR/MAR/MNAR 175 

classification scheme, it is more important to understand the practical implications of these 176 

technical terms [35]. When there are missing data in multiple variables, the plausibility of the 177 

MAR assumption may be difficult to assess. The best way to handle missing data depends on 178 

the assumed causal relationships between variables and their missingness, and what these 179 

relationships imply in terms of the 'recoverability' of the target estimand [35]. The most 180 

important action for the researcher is to anticipate the likely mechanisms of relevant missing 181 

data, determine in what circumstances analytical bias may occur due to the missing data 182 

mechanism(s), and obtain early on skilled biostatistical support to identify what methodological 183 

solutions exist to minimize or overcome missing data problems during data collection and 184 

statistical analyses. The ready feasibility of analyses limited to available complete cases, so 185 

common in past critical care nutrition research, is offset by the narrow circumstances where 186 

ignoring missing data in that way may yield valid results [21, 35]. Researchers should anticipate 187 

the likely need for more sophisticated alternative methods for missing data, such as multiple 188 

imputation of missing observations, or regression-adjusted association estimates using 189 

generalized linear mixed models, or Bayesian approaches dealing with missing observations 190 

[36], supported by sensitivity analyses [37] conducted under alternative plausible assumptions 191 

[35]. The results from these analyses should be presented along with those from the primary 192 

analysis [37].  193 

Several approaches to account for patient deaths are available, depending on the chosen 194 

outcome measure.  For the primary outcome of time-to-discharge-alive from hospital in the 195 

EFFORT Protein trial [30] (measured from randomisation to 60 days) death was a competing 196 

risk, and so patients who died within 60 days of ICU admission were considered to have never 197 

been discharged alive regardless of previous hospital discharge. Other approaches to 198 
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developing an estimand may be useful within a composite variable that includes mortality. 199 

Analyses assessing “alive status” in clinical outcomes (e.g. days alive and out of the hospital 200 

within a given time period) may allocate a zero (or lower) score for mortality. While these 201 

methods that consider both illness severity (length of periods with life support or in-hospital) 202 

and mortality may result in a better model fit to data, these “days alive and at home  up to 90 203 

days after ICU admission” (e.g. as applied in the forthcoming TARGET Protein trial [38]) and 204 

similar count outcomes may come with increased methodological complexity and potentially 205 

challenges to interpretability [39]. One such challenge is that the relative power of potentially 206 

applicable statistical tests may be dependent upon the magnitude of the treatment effect for 207 

the individual components of the composite score [40]. 208 

ICH / FDA advice for clinical trials [13] measuring physical functioning suggests the 209 

construction of an outcome variable on a continuous scale, with subjects who die being 210 

attributed a value reflecting the lack of ability to function. Such composite variable strategies 211 

can be viewed as implementing the Intention-To-Treat (ITT) principle when the original 212 

measurement of the variable might not exist or might not be meaningful due to the intercurrent 213 

event of a patient death [13]. If a treatment saves lives, its effect on various measures in 214 

surviving patients may be of interest, but it would be inappropriate to say that the summary 215 

measure of interest was only the average value of some numerical measure in survivors [13]. 216 

That is, the important outcome of interest is survival along with the numerical measures in 217 

survivors. To this end, the EuroQoL [17] health utility score is a useful instrument in trials with 218 

high mortality as it accounts for death as a health state within the range of all potential health 219 

utility scores. Although the EuroQoL health utility score is still frequently reported in survivors 220 

only [11], some current trials such as the PRECISe trial [21] and the REPLENISH trial [41] use 221 

this important feature of the EuroQoL health utility score [22, 41]. The PRECISe [22] trial thus 222 

including death as a health state (scored 0), and found worse health-related quality of life in 223 

the intervention group. Losses to follow-up were important and reported as comprising 7·5% 224 

in the standard protein group and 10·9% in the high protein group.  Very recently, pre-planned 225 
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secondary analyses [42] became available of all-cause mortality and physical functioning 226 

scores two years after randomization in the multicenter EPaNIC parenteral nutrition 227 

randomized controlled trial.  By two years the mortality approached 20%. With the advantage 228 

of access to Belgian National registry data, physical function was determined for almost 90% 229 

of two-year survivors.  Statistical imputation of the remaining missing physical function data 230 

was conducted using two imputation models, with non-survivors attributed the lowest possible 231 

score. 232 

There are numerous publications that provide useful information on both the effects of various 233 

forms of missing data and also the currently recommended approaches to handling and 234 

reporting incomplete data in both observational and randomized controlled research projects 235 

[37, 43, 44]. While informed guidance is readily available in the scientific literature, the choice 236 

of appropriate statistical methodology for an individual research question may be improved by 237 

biostatistical support. Unfortunately, potential bias around the handling of missing data, and 238 

incomplete transparency around methodological decisions in observational and randomized 239 

studies continue to threaten the validity and reproducibility of modern critical care nutrition 240 

research and the international guidelines derived in part from those research results [45, 46]. 241 

Conclusions 242 

Research into critical care nutrition has improved in recent years with adoption of outcome 243 

studies measuring both patients’ survival and functional status in the short and longer term. 244 

When designing studies, the anticipated mortality and disability of the study population should 245 

be taken into consideration when selecting physical and patient reported outcomes. The 246 

practical inevitability of missing data, combined with a likely substantial proportion of mortality 247 

in these very sick patients, requires critical care nutrition research to routinely plan to address 248 

the multiple sources of missing data and consequent potential bias in analyses. Research trials 249 

must strive to preserve the initial randomization, maximize patient follow-up, and then evaluate 250 
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the available data using recommended methods, supplemented by missing data imputation or 251 

other appropriate methods, conventional or Bayesian, that deal with the specific mechanisms 252 

of missing data under study. Demonstration of the sensitivity of research trial conclusions to 253 

the trial’s analytical assumptions and the effects of missing data should now be routine in this 254 

field of research. 255 

2629 words (not including Table 1 and 42 references) 256 

  257 
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Key points 258 

 Missing data is common in critical care nutrition research 259 

 Improved research strategies exist to directly address this formerly ignored problem 260 

 At least one missing data strategy should be specified in the initial research design, 261 

according to the types of data missingness that may be anticipated 262 

 The sensitivity of trial conclusions to the missing data should be evaluated routinely 263 

and reported with the main trial results 264 

  265 
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 279 

Table 1 Retention of patient reported and physical outcomes in the PRECISe trial [22] 280 

 281 

  282 



Current Opinion Missing Data_update_08Nov2024 Page 17 of 23 

Figure 1  Characteristics of outcome measures commonly assessed within critical care nutrition research projects 283 

 284 

Figure 1 footnotes 285 

PROMs = patient-reported outcome measures 286 

EQ-5D-5L = 5-level EuroQol 5-dimension measure of health status  287 

SF-36 = Short Form (36-item) health survey 288 

MRC-SUM = Medical Research Council-sumscore of global muscle strength  289 

 290 
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 292 

Bulleted references 293 

*ref 7 This review describes the heterogeneity in measurement of health-related quality 294 

of life in critical care trials and provides some examples of death as a competing risk. 295 

*Ref 11 The scoping review further highlights the importance of accounting for death as 296 

a cause of missing data in critical care research and the underappreciation of this in 297 

many ICU trials. 298 

**Ref 21 The PRECISe trial is the first large RCT on nutrition in critical care that uses 299 

functional outcomes as a primary endpoint. It nicely exemplifies the importance of 300 

accounting for death while doing so. 301 

**Ref 22 This paper proposes a Core Outcome Set that can be used to standardize 302 

assessment of functional outcome in nutritional interventional trials in critical illness 303 

both in timing and manner. 304 

**Ref 28 The Effort Protein trial was the first RCT on protein targets in critical illness, 305 

powered for a clinically relevant primary endpoint and used a time-to-event-alive 306 

approach to assess survival and recovery simultaneously. 307 

**  Ref 34 Very recent discussion of biostatistical aspects of sensitivity analyses, clearly 308 

written in a form accessible to clinical researchers. 309 

 310 

 311 

 312 

 313 

 314 
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Table 1 Retention of patient reported and physical outcomes in the PRECISe trial [21] 

Follow-up 

(days) 

patients known 

to be alive 

EQ-5D-5L MRC-sum 6-MWT 6-MWT:MRC-

sum 

30 597 529 (89%) 308 (52%) 65 (11%) 65:308 (21%) 

90 508 443 (87%) 295(58%) 207 (41%) 207:295 (70%) 

180 483 436 (90%) 261(54%) 213 (44%) 213:261 (82%) 

 

Table footnote 

This table provides the percentage of patients being assessed for the given outcome as a function of the number 

of patients known to be alive at the time of the respective follow-up visit. The final column provides the fraction and 

percentage of patients who were able to perform both an MRC-sum assessment and a 6-minute walking test 
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