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Major surgery leads to significant haemodynamic and 
metabolic disturbances. To date, most interventions 

intended to improve postoperative outcomes have focused 
on modifications to anaesthesia or the surgical procedure 
itself. Major postoperative concerns include increased mor-
tality and postoperative complication rate, longer length of 
stay and slow recovery of functional status.[1] Prehabilita-

tion, a healthcare discipline which focuses on optimising 
functional capacity before surgery, is a novel method of 
addressing these issues. For example, cardiopulmonary 
exercise can be used to mitigate postoperative declines in 
cardiorespiratory fitness, and supplementation of preop-
erative nutrition may reduce infectious complications and 
mortality rates.[2, 3] Preoperative immunonutrition involves 

The increasing number of prehabilitation randomised controlled trials (RCTs) for cancer surgery patients emphasises the 
need for high-quality evidence. Therefore, this study aims to assess reporting quality and risk of bias in prehabilitation RCTs.
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gery. Trials were assessed for risk of bias, reporting quality and other relevant metrics.
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adequately reported, and just nine RCTs provided information on intervention modifications. 55% of trials provided a 
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the provision of amino acids and nucleotides in the preop-
erative period and is thought to counteract excessive in-
flammation caused by the surgical stress response.[4]

In the past two decades, the number of trials referring to 
prehabilitation has increased by a factor of around 30-50.[5, 

6] However, the amount of literature on the quality of these 
studies is limited. A recent work published by Cuijpers et 
al (2022), assessing the reporting quality of 12 prehabilita-
tion trials[7] using a checklist derived from the Consolidated 
Standards of Reporting Trials (CONSORT) 2010 statement,[8, 

9] found the reporting quality to be poor. Only 15 out of 
24 items assessed were reported by more than half of the 
identified trials. One particular item, “feasibility criteria”, 
was only reported by four out 12 trials (33.3%). Previous re-
views of randomised controlled trials (RCTs) in surgery or 
anaesthetics have revealed similarly poor reporting qual-
ity and high risk of bias. Specifically, protocol registration, 
protocol adherence, recruitment status, funding status, 
randomisation and blinding presented a high risk of bias.
[10-13] Common reasons for these findings include conduct 
difficulties (e.g., difficulty in standardising surgical proce-
dures, lack of placebo and blinding, varying experience lev-
els of surgeons,[14, 15] and inadequate funding.[15] High risk 
of bias can also occur due to unavoidable methodological 
processes, for example where blinding is impractical due 
to the inherent requirements of exercise-based prehabilita-
tion interventions.
With the rapidly increasing number of trials in prehabilita-
tion, it is important to ensure the trials adhere to high stan-
dards of methodological and reporting quality. Chalmers et 
al., (2009) found that 85% of global investment in research 
is wasted, with a substantial amount of waste attributable 
to methodological flaws which jeopardise study validity, 
thus limiting their usefulness in evidence-based medicine.
[16] In response to such findings, several tools and checklists 
(e.g., CONSORT and the Template for Intervention Descrip-
tion and Replication (TIDieR)) have been introduced in the 
past decade to improve transparency and methodologi-
cal/reporting quality, with the goal of increasing reporting 
quality and lowering risk of bias.[17, 18]

To address these issues, a review was conducted to deter-
mine the risk of bias and reporting quality of the interven-
tions in RCTs investigating the effectiveness of prehabilita-
tion interventions in cancer patients undergoing surgery. 

Methods

Study Design

We performed an analysis of RCTs in cancer patients un-
dergoing prehabilitation. The protocol for the review was 
published on the Open Science Framework at https://osf.
io/9p8gf. This review was written according to the Joanna 
Briggs Institute (JBI) Manual for Evidence Synthesis.[19]

Article Selection Process
We performed a search in MEDLINE, Embase, The Cochrane 
Library, CINAHL, AMED and PsycINFO. The search strategy 
was developed in conjunction with an experienced librari-
an from The University of Sydney and was based on the rec-
ommendations of the Cochrane Handbook for Systematic 
Reviews of Interventions for randomised controlled trials, 
combined with medical subject headings and keywords to 
identify potential articles.[18] In addition to the electronic 
medical databases searches, forward and backwards cita-
tion tracking was conducted for additional relevant articles.
This review identified RCTs investigating the effectiveness 
of preoperative exercise, nutrition and/or psychologi-
cal interventions on postoperative complications and/or 
length of hospital stay in adult cancer patients undergoing 
surgery in the thorax, abdomen and pelvic regions. Quasi-
randomised controlled trials, trials including samples with 
>5% presenting with non-malignant disease, and interven-
tions delivered during the intraoperative and postopera-
tive periods were excluded. 
The complete screening process was performed by two 
independent review authors (DS and JB) and was con-
ducted using the Covidence online software (Covidence, 
Melbourne, VIC, Australia[20]). In the first stage, titles and 
abstracts were screened for eligibility and clearly irrelevant 
trials were excluded. In the second stage, full-text articles 
were obtained for each potentially eligible study and as-
sessed to check if the study fulfilled the inclusion criteria. 
Consensus between the two reviewers were used to re-
solve any disagreement. If consensus could not be reached, 
a third reviewer (MS or CK) was consulted. We provide the 
primary exclusion reason for the exclusion of all full text tri-
als screened in Figure 1. There were no language or publi-
cation restrictions applied to the search strategy, and trans-
lations were attempted for non-English published trials.

Data Collection

Two review authors (WJ and SK) extracted information on 
author, journal (e.g., impact factor) and study characteris-
tics, for each study, using a data extraction form developed 
in Microsoft Excel (Microsoft Corp., Redmond, Washington, 
USA), and the data was checked by two other reviewers 
(MS and CK). We resolved discrepancies by reviewer discus-
sion. The data extraction form was also used to collect data 
on risk of bias with the Risk of Bias 2 (RoB 2) tool[17] and the 
TIDieR checklist.[21] Risk of bias assessment was conducted 
using the Revised Cochrane risk-of-bias tool for random-
ized trials (RoB 2) tool. Each study was rated at ‘low’, ‘some 
concerns’ or ‘high’ risk of bias for each of the five domains 
(randomisation, deviation, missing outcome data, mea-
surement and selection); this was followed by an overall 
judgement for the study. Domain 2 was assessed twice for 
all trials, once to consider the effect of ‘assignment to inter-
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vention’ on risk of bias due to deviations from the intended 
interventions, and a second time to examine the effect of 
‘adherence to intervention’. For every study, each of the 12 
TIDieR items were rated as ‘present’, ‘absent’, ‘not applica-
ble’, or ‘insufficient information’. 

Each published trial was also compared with its publicly 
available protocol (if available) to assess whether the pri-
mary and secondary aims were maintained, whether the 
planned sample size was achieved and time between trial 
commencement year and year of publication. The other col-
lected variables of interest were journal impact factor, jour-
nal specialty, profession delivering the intervention, country 
of study, centre status (single or multi-centre), type of cancer, 
trial commencement year, funding and conflict of interest. 

Data Synthesis

All data was synthesised descriptively. All outcomes of in-
terest are presented as frequency (percentage). An ad-hoc 
analysis was performed to compare the risk of bias of tri-
als published before and after the introduction of the Co-
chrane Risk of Bias 2 instrument (August 2019).[17]

Results

Study Characteristics 

A total of 74 trials were identified.[22-95] The PRISMA flow 
diagram for the article selection process is shown in Fig-
ure 1. The included trials were published between 1982 
and 2021, with a mean sample size of 53 (range: 19 - 241). 
The characteristics of the included trials are presented in 
Table 1.

Risk of Bias 
A total of 55 trials (74%) were rated as having high risk of 
bias, with most of the bias observed in Domain 2: bias due 
to deviations from intended interventions (55% were rated 
at high risk when effect of adherence to intervention was 
considered) and Domain 3: bias due to missing outcome 
data (32% were rated at high risk in this domain). The sum-
mary information for risk of bias is presented in Figure 2 
and Supplements 1-3. When assignment to intervention 
was the focus of Domain 2, 32%, 38% and 30% of trials 
were rated as low, some concerns and high risk of bias, re-
spectively. However, when adherence was considered, the 
percentages of trials rated as low, some concerns and high 
risk of bias were 45%, 0% and 55% respectively. Further-
more, when the effect of adherence was assessed, only one 
trial was found to be at a low risk of bias, whereas no stud-
ies were at a low risk of bias when the effect of assignment 
was considered.[56] Conversely, 72 out of 73 trials (99%) 
were rated as having low risk of bias for ‘bias in measure-
ment of outcome’. 

Figure 1. PRISMA Flow Diagram.

Figure 2. Risk of Bias Summary with Domain 2 Examining Adherence.
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Ad hoc analysis showed a modest decrease in risk of bias 
when comparing trials published before and after the in-
troduction of the Cochrane risk of bias 2 instrument. When 
‘adherence’ was considered for Domain 2, 44 of 62 trials 
(70.1%) published before the advent of the Cochrane risk 
of bias instrument were rated at high risk of bias. However, 
this number decreased to 7 out of 12 trials (58.3%) for trials 
published after introduction of the Cochrane risk of bias in-
strument. Similarly, when ‘assignment’ was considered, the 
proportion of trials presenting a high risk of bias declined 
from 54.8% to 33.3% after the introduction of RoB 2.

Reporting Quality 

TIDieR items were generally poorly reported across all tri-
als, with the most poorly reported item being item 10 (in-
tervention modification), which was only reported by nine 
trials (12%). Item 5 (who provided the intervention) was 
only reported by 34 (46%) of the included trials. However, 
some items were well reported: 100% of trials reported 
item 1 (intervention name) and item 2 (rationale/goal of 
intervention). A summary of the reporting quality of the 
included trials is presented in Figure 3.

Other Outcomes

A total of 40 (55%) trials had a registered protocol, of which 
22 (55%) were registered on ClinicalTrials.gov. However, it is 
worth noting that some manuscripts had reported proto-
cols, or protocol registration codes which linked to a differ-
ent study.[50, 51, 59, 60] Median impact factor of the journals in 
which the trials were published was 3.8 (range: 0.1 – 202.7). 
The journals most commonly focused on surgery, (n=25, 
34%)[24, 28, 31, 32, 36, 40, 43, 47, 50, 55, 57, 60, 65, 69, 73, 76, 78, 81, 82, 85, 89-91, 93, 94] nutri-
tion science, (n=13, 18%)[27, 34, 37, 41, 44, 45, 48, 52, 66, 75, 79, 80, 96] oncol-
ogy (n=8, 11%)[26, 29, 53, 56, 58, 62, 64, 92] and general medicine (n=8, 
11%).[23, 35, 49, 54, 67, 74, 88, 95]

Discussion

Statement of Principal Findings

We identified 74 published prehabilitation trials, with most 
presenting high risk of bias. Notably, 34 (45%) of the iden-
tified trials did not have a publicly available protocol. Of 
those with a registered protocol, 20 (59%) changed their 
research question and/or have not achieved the planned 
sample size.

Mechanisms and Implications 

There are several possible reasons for the high risk of bias 
observed in the included studies. In exercise-based trials, 
where blinding was only possible for the assessors collect-
ing the data, risk of bias may have been inherently elevated 

(as per Domain 2: Risk of bias due to deviations from the 
intended interventions, from the RoB 2 tool). Among the 
56 trials which were rated at a high risk of bias, assessor 
blinding was not particularly well done either, with item 
4.3 (Were outcome assessors aware of the intervention 
received by study participants?) being reported as ‘no’ or 
‘probably no’ by only 37 studies. Trials with a subjective 
outcome (e.g., acceptability/feasibility of treatment, pain 
scores) may have naturally had a higher risk of bias, where 
a variety of confounding factors such as individual pain tol-
erance, distance from home to treatment centre, and per-
sonal preferences may influence the results. Unlike exercise 
interventions, immunonutrition trials could have a placebo 
arm, which lowered their risk of bias due to the blinding 
effect of a placebo. Despite this, 47 out of 48 (98%) immu-
nonutrition trials were still rated at ‘some concerns’ or ‘high’ 
risk of bias. 

A major contributor to the high risk of bias in Domain 5 
(Risk of bias in selection of the reported result) is the low 
rate of protocol registration across the trials. Because item 
5.1 assesses whether the trial data was analysed in accor-
dance with a pre-specified plan, the absence of such a plan 
increases the risk of reporting bias.

With regard to reporting quality, we were unable to find ev-
idence of any journal formally endorsing the TIDieR check-
list. In addition, none of the included trials mentioned the 
checklist, which may explain the poor reporting quality of 
the included trials. Assessing reporting quality using dif-
ferent checklists can lead to varying scores. To ensure the 
reliability of our findings, it may be useful to apply another 
checklist to the included studies. For example, if we use a 
different tool and find that the studies are well-reported, 
this would support the validity of our results. To address 
the variation in reporting quality scores which arise from 
the application of different checklists, researchers may 
wish to develop a specialised set of guidelines for preha-
bilitation trials and explore potential variables that could 
be used to assess the quality of a study when participant 
blinding is not possible, such as whether randomisation is 
stratified based on confounding variables.[10]

It appears that the conclusions of current prehabilitation 
trials should be interpreted with caution, as the generalis-
ability of their results is limited by a high risk of bias. Sys-
tematic reviews and meta-analyses which include such 
RCTs may also have unreliable conclusions, as unreported 
confounding factors are a factor in heterogeneity.[10, 97] The 
results of Cuijpers (2022) are aligned with our findings, 
showing that the limitations in reporting quality are not 
evenly distributed across items and domains. For example, 
“a clear description of the criteria for assessing success of 
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feasibility” is poorly reported in Cuijpers (2022), and “a de-
scription of whether the intervention personalised, titrated 
or adapted” is poorly reported in our study. Thus, it is advis-
able for the authors of future prehabilitation RCTs to pay 
particular attention to those domains. 

As a first step in improving the quality of prehabilitation 

research, we suggest that more journals endorse the use of 
reporting guidelines such as PRISMA, CONSORT and TIDieR. 
Alongside this, journals may translate reporting guidelines 
to make them more accessible, hold workshops to train 
researchers and clinicians on the use of guidelines, and 
provide feedback to authors on the quality of their manu-

Figure 3. Description of the intervention details (TIDieR Checklist).
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scripts. Maintaining a high standard of reporting quality 
will allow a more accurate risk of bias assessment and en-
able researchers to assess the replicability of trial results. To 
facilitate adherence to reporting guidelines, journals may 
endorse the use of AI-powered tools to check manuscripts. 
An example of such a tool is Penelope.ai, which has been 
endorsed by BMJ Open.[11] Furthermore, journals adding a 
requirement for a pre-published protocol would help to re-
duce reporting bias and improve transparency in research. 
At the time of writing of this article, the implementation 
of some of these measures is already underway.[98-100] While 
these measures appear to work in theory, their implemen-
tation may be limited by funding, time, ethical issues, or 
other practical concerns.

Strengths and Weaknesses of the Study

Our study had a number of strengths. Six databases and 
the reference lists of included articles were searched, and 
no language or publication date restrictions were applied 
to the search. These measures helped reduce the degree 
of selection bias in our study by capturing as many trials 
as possible. The data extraction on trial characteristics was 
thoroughly checked by two other reviewers (DS, SK), thus 
preventing errors, and strengthening the reliability of our 
findings and conclusions. Through a focused evaluation of 
RCTs, which form the foundation of clinical decision mak-
ing, our study contributes to the ongoing process of quality 
improvement in prehabilitation research.

However, our review also has limitations. 18 studies could 
not be translated and were therefore excluded. The report-
ing quality and risk of bias assessments were only conduct-
ed by one reviewer, which may have increased the risk of 
bias of our own study. During the risk of bias assessment 
process, we did not consider the impossibility of blinding 
and/or standardising certain types of interventions, such 
as physiotherapy. Furthermore, some trials were pilot or 
feasibility studies which are not subject to the stringent 
methodological standards of RCTs.[101] Thus, these trials 
may have been assigned a higher risk of bias rating by the 
nature of their design. In light of this, the Risk of Bias in 
Non-Randomised Studies of Interventions (ROBINS-I) tool 
may be a more suitable tool for such trials.[102]

Strengths and Weaknesses in Relation to Other 
Studies, Discussing Particularly any Differences in 
Results

To our knowledge, our study is the first to assess both the 
reporting quality and risk of bias in prehabilitation trials. 
Furthermore, our study may be more generalisable than 
previous studies as it assessed prehabilitation trials in pa-
tients with a range of cancers and a variety of outcomes 

as compared to previous studies which focused solely on 
one outcome e.g. feasibility. Although Cuijpers (2022) and 
our study used different checklists and focused on different 
outcomes, we both concluded that reporting quality was 
poor in prehabilitation trials.[7]

Unanswered Questions and Future Research 

By allocating research funds away from cohort studies, ret-
rospective studies, and case series, and towards large-scale, 
double-blinded RCTs, researchers can produce a smaller 
number of high-quality trials. This approach can help pre-
vent research waste and improve the overall quality of the 
evidence.

This review has only assessed the quality of RCTs as the 
eligibility criteria excluded cohort studies and other study 
designs. It would be of interest for future studies to assess 
prehabilitation trials with these designs to see if they are 
at a similar risk of bias. Since the results of this study were 
qualitatively summarised, future studies could conduct a 
statistical analysis to investigate the relationship between 
trial characteristics and study quality. We hypothesise that 
articles published in higher impact factor journals will pres-
ent high methodological quality, as such journals have more 
stringent requirements for submission. Authors may wish 
to explore variations in risk of bias and reporting quality be-
tween studies amenable to blinding (e.g., immunonutrition) 
and those that cannot be blinded (e.g., physiotherapy). Fur-
ther investigations may wish to compare the risk of bias and 
reporting quality in prehabilitation trials published before 
and after the introduction of TIDieR and RoB 2 guidelines.

Future authors could also investigate the barriers and en-
ablers to improving quality in prehabilitation studies via 
a survey. This information can subsequently form the ba-
sis for further solutions to these issues. We anticipate that 
their implementation will improve the quality of evidence-
based medicine and, thus, maximise clinical benefit for pre-
habilitation patients.

Conclusions
Prehabilitation RCTs in cancer patient populations are 
poorly reported and have a high risk of bias, providing un-
reliable conclusions to clinicians. Interventions are needed 
to improve adherence to reporting checklists and risk of 
bias guidelines. Surveys and interviews of the authors of 
prehabilitation RCTs may be useful in elucidating the barri-
ers and enablers to higher quality research. 
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