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ABSTRACT      
This study aimed to synthesize evidence from studies that addressed the influence of bias domains in randomized controlled trials on rehabilita-
tion intervention effect estimates and discuss how these findings can maximize the trustworthiness of an RCT in rehabilitation. We screened 
studies about the influence of bias on rehabilitation intervention effect estimates published until June 2023. The characteristics and results of the 
included studies were categorized based on methodological characteristics and summarized narratively. We included seven studies with data on 
227,806 RCT participants. Our findings showed that rehabilitation intervention effect estimates are likely exaggerated in trials with inadequate/
unclear sequence generation and allocation concealment when using continuous outcomes. The influence of blinding was inconsistent and dif-
ferent from the rest of medical science, as meta-epidemiological studies showed overestimation, underestimation, or neutral associations for 
different types of blinding on rehabilitation treatment effect estimates. Still, it showed a more consistent pattern when looking at patient-reported 
outcomes. The impact of attrition bias and intention to treat has been analyzed only in two studies with inconsistent results. The risk of report-
ing bias seems to be associated with overestimation of treatment effects. Bias domains can influence rehabilitation treatment effects in different 
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tered, collaborative process, including interventions tar-
geting a person’s capacity (by addressing body structures, 
functions, and activities/participation) and/or contextual 
factors related to performance, with the goal of optimizing 
the functioning of persons with health conditions currently 
experiencing disability or likely to experience disability, 
or persons with disability in interaction with the environ-
ment”9. This new definition proposes that rehabilitation in-
terventions are “complex interventions” because they are 
a process (changing in time), multimodal (more than one 
intervention), collaborative (interaction of behaviors) and 
person-centered (aims and means can accordingly change). 
It is suggested that “the greater the difficulty in defining 
precisely what exactly are the `active ingredients’ of an in-
tervention and how they relate to each other, the greater 
the likelihood that you are dealing with a complex inter-
vention”10. Therefore, there are challenges when applying 
methodological standards of high-quality clinical research 
to rehabilitation interventions.11

The “effectiveness RCT”, also considered as pragmatic 
trials8 can be a trade-off between rehabilitation character-
istics and the ideal RCT model because they are typically 
more inclusive, reflecting the heterogeneity of patients in 
clinical practice, allowing for flexible delivery of the in-
terventions, measuring functional outcomes, and often lack 
of blinding of participants and those providing treatment.5 
However, by maintaining randomization while relaxing the 
other experimental conditions (e.g., strict fidelity to reha-
bilitation interventions, measurement of functional out-
comes, and blinding), it is argued that the trial results could 
be rigorous enough, generalizable to real-world settings 
and probably applicable in the rehabilitation context.6

In the literature, many studies have developed specific 
frameworks for developing and evaluating complex inter-
ventions and advocate for methodological standards that 
should be respected when planning an effectiveness study 
using complex interventions.12, 13 In addition, many manu-
scripts have been published on improving the quality of the 
evidence in rehabilitation.6, 7, 14, 15 These studies have high-
lighted the need to identify whether biases resulting from 

Randomized controlled trials (RCTs) are prospective
studies that measure the efficacy, effectiveness and 

safety of interventions. Although no study design is likely 
to prove absolute causality, randomization reduces bias and 
facilitates the examination of cause-effect relationships 
between an intervention and an outcome. This is because 
randomization and allocation concealment help balance 
participant characteristics (both known and unknown) be-
tween the groups allowing unbiased conclusions about the 
effect of an intervention under study. This is very unlikely 
with any other study design.1

The RCT design requires that researchers carefully se-
lect the population, the interventions to be compared, 
and the outcomes of interest.2 Once these are defined, the 
sample size needs to be calculated to estimate the appro-
priate number of participants to detect, with reasonable 
probability, an expected and/or clinically relevant differ-
ence between groups for a given study. To achieve com-
parability between groups, the participant characteristics 
must be homogeneous, cointerventions should be avoided 
or similar between groups, participants, intervention pro-
viders, and outcome assessors should be ideally blinded to 
the intervention allocations if possible, and dropout from 
the study should be minimal.3 If the intervention is the only 
difference between the trial groups, any differences in the 
outcomes could reliably be attributed to the intervention. 
These ideal experimental conditions allow high internal 
validity of RCTs. Still, the generalizability of their results 
to patients outside the studied population (external valid-
ity) is inherently limited, and clinicians must employ their 
judgment when applying results from RCTs to their clini-
cal practice, which is potentially problematic.4, 5 During 
the last two decades, we have seen significant expansion 
in the use of RCT’s model to evaluate interventions in re-
al-world circumstances, referred to as “effectiveness” re-
search rather than traditional RCT “efficacy” research.6-8 In 
this particular “effectiveness” context, the number of RCTs 
published in the rehabilitation field is increasing more than 
in other fields.7 In 2022, rehabilitation has been defined by 
Cochrane Rehabilitation as “a multimodal, person-cen-

directions. The evidence is mixed and inconclusive due to the poor methodological quality of RCTs and the limited number and quality of stud-
ies looking at the influence of bias and treatment effects in rehabilitation. Further studies about the influence of bias in RCTs on rehabilitation 
intervention effect estimates are needed.
(Cite this article as: Arienti C, Armijo-Olivo S, Ferriero G, Feys P, Hoogeboom T, Kiekens C, et al. The influence of bias in randomized controlled 
trials on rehabilitation intervention effect estimates: what we have learned from meta-epidemiological studies. Eur J Phys Rehabil Med 2023 Dec 
12. DOI: 10.23736/S1973-9087.23.08310-7)
Key words: Rehabilitation; Bias; Randomized controlled trials as topic.
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domains (selection bias, performance bias, detection bias, 
attrition bias, reporting bias and other bias) and rehabili-
tation intervention effect estimates in RCTs included in 
Agency for Healthcare Research and Quality – Evidence-
based Practice Center (AHRQ-EPC) review, published 
in 2014,18 and in Page’s systematic review, published in 
2016.19 We focused on bias domains, as suggested by Co-
chrane3 because it is argued that these are the main meth-
odological characteristics that can change the direction of 
effect regardless of the study design used to evaluate the 
effectiveness of the intervention.

Evidence collection and eligibility criteria

We screened eligible studies included in the AHRQ-EPC 
review (latest search September 2012)18 and in Page’s 
systematic review (latest search May 2015).19 To identi-
fy more recent meta-epidemiological studies in rehabili-
tation, we performed a narrow quick search in PubMed 
from June 2015 to June 2023 using the keywords “meta-
epidemiological studies” AND “rehabilitation” without 
the development of a specific search strategy. No language 
limitations were applied in the database searches nor as in-
clusion criteria. Two authors (CA and SM) independently 
reviewed the reference lists of all the included meta-epi-
demiological studies to identify additional meta-epidemi-
ological studies in rehabilitation that the electronic search 
could have missed.

The eligibility criteria were: 1) type of studies: meta-
epidemiological studies or studies that evaluate the effect 
of methodological characteristics on effect estimate20 of 
rehabilitation interventions, and 2) types of methodologi-
cal characteristics: studies had to evaluate biases using the 
conceptual framework of the Cochrane risk of bias tool for 
RCTs as described above.3

Two independent reviewers (EP and CA) screened the 
studies using the predefined eligibility criteria. The studies 
were analyzed using the available information and a senior 
author (SM) resolved disagreements between reviewers 
through discussion.

Data extraction

We extracted the following data: study characteristics 
(author, year, design, setting and type of rehabilitation 
intervention), number of RCTs and participants included 
in the meta-epidemiological synthesis, and type of bias 
domains (i.e., selection bias, performance bias, detection 
bias, attrition bias and reporting bias). We also extracted 
all estimates of the relationship between different types of 

methodological issues related to rehabilitation characteris-
tics, such as lack or difficulty of blinding, lack or difficulty 
of intervention standardization or fidelity and adherence to 
the intervention, can lead to an overestimation or underes-
timation of the true rehabilitation intervention effect esti-
mates. This can be achieved using empirical evidence, by 
using meta-epidemiological studies, which collate numer-
ous meta-analyses and, within each of them, contrast the 
estimates of intervention effects of trials with and without 
a methodological characteristic of interest.16 Indeed, effect 
size estimates may be related to the conduct (i.e., method-
ological variables) of the studies, beyond the study design 
per se (RCTs vs. observational studies).17 Therefore, it is 
important to determine what important methodological fea-
tures of studies conducted in the rehabilitation field could 
potentially bias treatment effects results.

In the last few years, several meta-epidemiological stud-
ies about the potential influence of bias on treatment effects 
have been conducted in the area of rehabilitation; however, 
to our knowledge, no one has attempted to synthesize this 
evidence to date. To respond to this need, we decided to 
conduct a meta-research study synthesizing this informa-
tion. This manuscript is part of a series of papers devel-
oped by the Cochrane Rehabilitation field and discussed 
extensively during the 5th Cochrane Rehabilitation Meth-
odological Meeting: “The Rehabilitation evidence ecosys-
tem: useful study designs”, that took place in Milan on 7th 
and 8th September 2023. This series of papers has attempted 
to answer the following questions: 1) Which study design 
can and should be used for which kind of research ques-
tion to provide useful evidence for rehabilitation? 2) How 
do we maximize the trustworthiness of the results of these 
study designs to produce useful evidence on rehabilitation? 
3) How can we conduct studies of different designs to make 
them useful for rehabilitation end-users (clinicians, policy-
makers and patients)? 4) When and how can these designs 
contribute to building the evidence in rehabilitation if RCTs 
are not yet available?

To provide data to address question 2, we summarized 
all relevant studies that addressed the influence of bias do-
mains in RCTs, examining rehabilitation intervention ef-
fect estimates and discussing how these findings can help 
to maximize the trustworthiness of RCTs in the field of re-
habilitation.

Methods

We systematically identified and summarized studies 
which investigated the association between reported bias 
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terventions they focused on, and De Almeida24 included 
the following interventions as physical therapy: exercise 
therapy, electrophysical agents, manual therapy, acupunc-
ture, behavioral therapy, advice or education, multidisci-
plinary treatment, taping, and traction. Liu27 included only 
progressive resistance strength intervention, and Hayden26 
only exercise therapy.

All studies used a meta-analytic approach20 to analyze 
the influence of certain methodological characteristics 
(rated as inadequate/adequate/unclear) on treatment effect 
estimates. The average bias associated with methodologi-
cal characteristics was reported in all meta-epidemiologi-
cal studies. Full details are reported in Table I.21-27

Selection bias – random sequence generation and alloca-
tion concealment

Armijo-Olivo and De Almeida23, 24 evaluated the associa-
tion between random sequence generation and allocation 
concealment on physical therapy effect estimates.

Armijo-Olivo23 included 43 meta-analyses, 393 RCTs 
with 44,622 participants. It found no difference between 
adequate and inadequate random sequence generation (ES 
difference: 0.02; 95% CI -0.12 to 0.15), while trials with 
inadequate allocation concealment tended to have an over-
estimated effect estimate when compared with those with 
adequate allocation concealment, but the mean difference 
was non-statistically significant (ES difference: 0.12; 95% 
CI -0.06 to 0.30).

De Almeida24 included 128 RCTs with 20,555 partici-
pants, who were treated using exercise therapy, electro-
physical agents, manual therapy, acupuncture, behavioral 
therapy, advice or education, multidisciplinary treatment, 

methodological characteristics and treatment effects. One 
reviewer extracted the information (CA), and a second re-
viewer independently checked all data extracted (SM).

Data analysis and synthesis

The information obtained from the included studies was 
organized by type of methodological characteristics and 
summarized using a narrative approach, including the 
effect size estimation (ES) and 95% confidence interval 
(CI). Evidence tables and figures were used to present data 
where appropriate.

Results

We retrieved 53 full-text articles from the two previous 
systematic reviews18, 19 and 13 full-text articles from the 
electronic search. We found only studies published in Eng-
lish. Seven meta-epidemiological studies met the inclusion 
criteria.21-27 See Figure 1 for the screening process.

Characteristics of the included studies

We included seven eligible meta-epidemiological studies 
(included data on 227,806 participants)21-27 in a rehabilita-
tion context. Armijo-Olivo and De Almeida23, 24 addressed 
the influence of sequence generation and allocation con-
cealment on treatment effect, Armijo-Olivo and Liu21, 27 on 
blinding of participants, clinicians and assessors, Armijo-
Olivo22 on attrition bias, Hayden 26 on reporting bias and 
Fuentes25 on sponsorship bias. The rehabilitation inter-
ventions considered were physical therapy (PT). Still, in 
four studies,21-23, 25 there was no definition of which in-

Figure 1.—Flowchart of the studies.

Publications excluded
(N.=50)

- �Non-rehabilitation studies 
(N.=49)

- �No meta-epidemiological studies 
(N.=2)

Duplicate publications 
removed 
(N.=13)

Bibliographic search up to May 2015

Publications identified from: 
- Page 2016 (N.=25)
- AHRQ-EPC review (N.=41)

Rehabilitation  
meta-epidemiological  

studies included
(N.=7)

Update from June 2015 to June 2023

Duplicate publications 
removed 
(N.=0)

Publications excluded
(N.=8)

- �Non-rehabilitation studies  
(N.=2)

- �No RoB domain studies (N.=5)
- �No meta-epidemiological studies 

(N.=1)

Publications screened  
(N.=13)

Publications screened
(N.=53)

Publications identified from:
- PubMed (N.=13)
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ment effects when compared with trials with appropriate 
blinding of assessors and participants, the difference was 
not statistically significant (ES: -0.07; 95% CI -0.22, 0.08; 
ES -0.12; 95% CI -0.30, 0.06, respectively).

Liu,27 which includes 73 RCTs with 3,059 participants 
within a meta-analysis, showed that trials using blinded 
assessors tended to report smaller effect sizes than those 
using unblinded assessors on muscle strength outcomes, 
with a difference of -0.80 (95% CI -1.35 to -0.25). The 
reported effects were exaggerated in trials that used un-
blinded assessors.

Attrition bias and intention-to-treat analysis

Two studies21, 23 evaluated the association between attri-
tion bias and/or intention-to-treat (ITT) analysis. Armi-
jo-Olivo22 including 43 meta-analysis, 393 RCTs with 
44,622 participants, evaluated the association between at-
trition bias and treatment effect estimates when evaluating 
physical therapy interventions using continuous outcomes. 
This study22 showed that trials which did not use the ITT 
principle, or which were assessed as having inappropriate 
control of incomplete outcome data, tended to underesti-
mate the effect estimates when compared with trials with 
adequate use of ITT (ES difference: -0.13; 95% CI -0.26 

taping, and traction. It showed that, although trials that had 
inadequate allocation concealment had larger treatment 
effect estimates than those trials with adequate allocation 
concealment, the difference between the estimates was not 
statistically significant for pain (ES difference: 0.31 95% 
CI -0.04 to 0.66) and disability (ES difference: 0.19; 95% 
CI -0.16 to 0.54) outcomes.

Performance bias and detection bias – blinding

Armijo-Olivo and Liu21, 27 evaluated the association be-
tween blinding of participants, assessors, and/or health 
providers (overall) on treatment effect estimates when 
analyzing physical therapy interventions or progressive 
resistance strength using continuous outcomes. Armijo-
Olivo21 included 393 RCTs with 44,622 participants. It 
suggested that inappropriate overall blinding (whether the 
appropriate component of blinding [participants, asses-
sors, therapist or irrelevant] based on the main outcome 
of interest for the trial was used) underestimated treatment 
effect estimates, but the mean difference between trials 
with inappropriate vs. appropriate overall blinding was not 
statistically significant (ES -0.08; 95% CI -0.28 to 0.12). 
In addition, although trials with inappropriate blinding of 
assessors and participants tended to underestimate treat-

Table I.—��Characteristics of included studies.21-27

Author year Design Setting Rehabilitation 
intervention Outcome Sample size

Number of 
included 

RCTs
Methodological 
characterstics

Armijo-Olivo 23 Meta-epidemiological 
study

Rehabilitation Physical Therapy NA 44622 393 Sequence generation and 
allocation concealment

Armijo-Olivo 21 Meta-epidemiological 
study

Rehabilitation Physical therapy NA 44622 393 Blinding

Armijo-Olivo 22 Meta-epidemiological 
study

Rehabilitation Physical therapy NA 44622 393 Bias related to attrition, 
missing data and the use 
of ITT

De Almeida 24 Meta-epidemiological 
study

Rehabilitation Exercise therapy, 
electrophysical 
agents, manual 
therapy, acupuncture, 
multidisciplinary 
treatment, taping, 
traction, educa- tion, 
behavioral therapy

Low back 
pain

20555 128 Allocation Concealment 
and ITT analysis

Fuentes 25 Meta-epidemiological 
study

Rehabilitation Physical therapy NA 44622 393 Sponsorhip bias

Hayden 26 Cross-sectional meta-
epidemiological 
study

Rehabilitation Exercise therapy for 
chronic low back 
pain

Low back 
pain

25704 279 Publication integrity, 
quality of conduct and 
reporting

Liu 27 Meta-epidemiological 
study

Rehabilitation Progressive resistance 
strength training

Lower limb 
muscle 
strength

3059 73 Blinding

NA: not applicable; RCTs: randomized control trials; ITT: intention to treat.
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adjusted model), that did not include follow-up outcome 
measurement of at least 12 weeks (MD: -3.9; 95% CI -7.5 
to -0.3 unadjusted model; MD: -2.9, 95% CI -7.1 to 1.4 for 
the adjusted model), or that did not report complete partic-
ipant flow information (i.e., CONSORT flow chart; MD: 
-3.9; 95% CI -7.5 to -0.3 unadjusted model; MD: -1.8; 
95% CI: -5.8 to 2.2 for the adjusted model). Only miss-
ing core outcome measures remained significantly associ-
ated with increased mean effect estimates on pain outcome 
after adjustment for all the rest of variables (12 in total) 
(MD: -7.3; 95% CI -11.3 to -3.3 for the adjusted model). 
Inadequate sample size was found to be statistically sig-
nificantly associated with increased functional limitations 
outcomes reported in the included trials (MD: -7.1; 95% 
CI -12.2 to -1.9) in unadjusted and adjusted analyses (MD: 
-6.4; 95% CI -12.0 to -0.8).

Other bias - sponsorship bias

Fuentes,25 including 43 meta-analyses, 377 RCTs and 
43,651 participants, evaluated the association between 
sponsorship bias and treatment effect estimates for physi-
cal therapy intervention using continuous outcomes. This 
study reported that funding was not declared in many trials 
(N.=85, 22%). When it was declared, the influence of the 

to 0.01) and control of incomplete outcome data (ES dif-
ference: -0.18; 95% CI -0.29 to -0.08).

Almeida,24 stated that, overall, ITT had no significant 
influence on treatment effects in trials for low back pain. 
However, the findings demonstrated that trials using ITT 
had a significantly lower effect estimate than those without 
ITT. The difference between trials with and without ITT 
on pain outcomes was ES: 0.49; 95%CI 0.12 to 0.87. In 
contrast, for disability outcomes, the difference between 
trials with and without ITT was not statistically significant 
(ES: 0.16; 95%CI -0.21 to 0.53).

Reporting bias

Hayden,26 including 279 RCTs with 25,704 participants 
within a Cochrane review, evaluating the association be-
tween reporting bias and exercise therapy estimation’s ef-
fect on pain and functional outcomes. This study reported 
that RCTs that did not report trial registration or had no 
published protocol available reported larger mean differ-
ences in pain outcomes (MD: -5.0; 95% CI -8.8 to -1.3 
unadjusted model; MD: -2.3; 95% CI -6.7 to 2.1 adjusted 
model). This was true also for studies that did not report 
core outcome measures (MD, -8.1; 95% CI -11.9 to -4.4 
unadjusted model; MD: -7.3; 95% CI -11.3 to -3.3 for the 

Table II.—��Data synthesis.
Bias N. studies Rehabilitation 

intervention Outcomes Effect estimates Findings

Selection bias (random 
sequence generation 
and allocation 
concealment)

2 Physical Therapy 
and exercise 
therapy

Pain and disability 
outcomes (only 
one study)

ES difference: 0.12; 95% CI 
-0.06 to 0.30

Pain: ES difference: 0.31 
95% CI -0.04 to 0.66

Disability: ES difference: 
0.19; 95%CI -0.16 to 0.54

Inadequate allocation concealment 
tended to have an overestimated effect 
estimate when compared with those 
with adequate allocation concealment

Performance bias 
and detection bias 
(blinding)

2 Physical therapy 
and progressive 
resistance 
strength

Continuous 
outcomes and 
muscle strength 
outcomes

ES: -0.08; 95% CI -0.28 to 
0.12

1) Inappropriate overall blinding 
underestimated treatment effect 
estimates; inappropriate blinding of 
assessors and participants tended to 
underestimate treatment effects

2) Blinded assessors underestimated the 
treatment effect estimates

Attrition bias and 
intention-to-treat 
analysis

1 Physical 
intervention

Pain and disability 
(continuous data)

ES difference (attrition): 
-0.13; 95% CI -0.26 to 0.01; 
ES (ITT): 0.49; 95% CI 
0.12 to 0.87

Inappropriate control of incomplete 
outcome data, tended to underestimate 
the effect estimates. ITT tended to 
underestimate estimate than those trials 
without ITT

Reporting bias 1 Exercise therapy Pain and 
functional 
outcomes

MD: −5.0; 95% CI −8.8 to 
−1.3 unadjusted model; 
MD: −2.3; 95% CI −6.7 to 
2.1 adjusted model

No trial registration or no published 
protocol available tended to 
overestimate the treatment effect

Other bias (sponsorship) 1 Physical therapy Continuous 
outcomes

ES: 0.15; 95% CI −0.03 to 
0.33

Inappropriate/unclear influence of 
funders tended to overestimate the 
treatment effect estimates

ES: effect size estimation; CI: confidence interval; MD: mean difference; ITT: intention-to-treat.
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formation about the hypothesis of the study to participants 
and assessors, using expertise-based RCTs to avoid biases 
at the therapist level, or providing neutral expectations 
for treatments offered, among others.30 These alternative 
ways of conducting RCTs in the rehabilitation field argu-
ably highlight that – despite the challenges associated with 
blinding within RCTs in rehabilitation – there are potential 
adaptations which may help overcome these biases.

The influence of attrition bias on treatment effects on 
continuous outcomes is also unclear. This could be related 
to the variation of the definition of attrition and associ-
ated biases across meta-epidemiological studies. Also, the 
definition of the concept of ITT has been misused and mis-
interpreted by several studies31, 32 (e.g., trials reported the 
phrase “intention to treat” with no apparent deviation in 
the description or trials that correctly described the ITT 
principle).33 In our study, from the two included studies 
that looked at the concept of ITT, one found an overestima-
tion for trials with inappropriate ITT, and the other found 
an underestimation regardless of the type of outcome. This 
difference could depend on the definition of attrition bias 
used,34 as well as the outcomes investigated since, accord-
ing to some,35 the influence of biases on treatment effect 
estimates depends on the outcome investigated.

The results of this study suggest also that the lack of 
core outcome reporting (reporting bias) seems to be as-
sociated with higher treatment effect sizes reported for 
pain outcomes and probably in functional limitations out-
comes. The influence of other characteristics on treatment 
effect estimates in rehabilitation is uncertain because, as 
far as our knowledge, they have not been yet examined.

Given the scarce number of studies looking at the influ-
ence of bias and treatment effects in the rehabilitation field 
and their heterogeneity regarding the definition of the bias-
es and types of rehabilitation interventions and outcomes, 
we cannot draw any definitive conclusion regarding the 
influence of bias on rehabilitation treatment effects. In ad-
dition, these included studies have been exploratory since 
they did not perform sample size calculations36 and were 
underpowered due to the small magnitude of the differenc-
es between trials with and without the bias domain, small 
sample sizes, and the high heterogeneity of the datasets. It 
has been recommended18, 37 that larger sample sizes (≥600 
trials and/or 50 meta-analyses or even more38) are required 
to have adequate power to investigate these associations 
between bias and treatment effects. None of the included 
studies accomplished this standard. Also, it has been sug-
gested28 to assemble a homogenous set of meta-analyses 
and trials in a specific area of research to decrease the het-

trial sponsor was assessed as being appropriate (i.e., state-
ment of no sponsor involvement in the trial) in 246 trials 
(63%), and considered inappropriate/unclear (i.e., state-
ment of sponsor involvement in the trial/not enough in-
formation) in the remaining 147 (37%) trials. The authors 
concluded that trials with inappropriate/unclear influence 
of funders tended to have, on average, a larger effect size 
than those with the appropriate influence of funding (ES 
difference: 0.15; 95% CI −0.03 to 0.33). Although the dif-
ference was not statistically significant, trials with sponsor 
involvement tended to overestimate the effect estimates. 
See Table II for full details.

Discussion

We found only seven studies that investigated the influence 
of bias in treatment estimates in the rehabilitation field. 
This limited evidence is contrasted with the higher num-
ber of meta-epidemiological studies conducted in other 
medical fields identified by Page’s systematic review and 
AHRQ-EPC review (N.=49). Our findings align with the 
findings of Page’s systematic review,19 agreeing that inter-
vention effect estimates are most likely exaggerated in tri-
als with inadequate/unclear sequence generation and allo-
cation concealment (selection bias) when using continuous 
outcomes. The influence of blinding (performance and de-
tection bias) on the results of trials in rehabilitation seems 
to be inconsistent. It differs from other medical research, 
which shows a more consistent pattern when looking at pa-
tient-reported outcome measures (PROMs). In other medi-
cal fields, it seems that failure to blind patients probably 
overestimates treatment effects for PROMs. At the same 
time, there is high uncertainty about its influence on other 
outcomes. Also, blinding of outcome assessors has been 
found to influence treatment effect estimates in medical tri-
als, and thus, blinding of outcome assessors has been found 
important for subjective outcomes. We found that stud-
ies looking at rehabilitation studies and blinding (N.=2) 
showed overestimation, underestimation, or neutral asso-
ciations for different types of blinding (i.e., participants, as-
sessors, therapists, statisticians) on rehabilitation treatment 
effect estimates. Consequently, no clear conclusions can be 
drawn on the influence of blinding on trial estimates based 
on this literature.28 This means that blinding, as currently 
evaluated, probably could be less important than often be-
lieved29 or that studies may have used other ways to de-
crease performance or detection biases (but not necessarily 
have used blinding of allocation). For example, a way of 
decreasing these biases could be by providing limited in-
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Limitations of the study

This study had several limitations. Firstly, a limited search 
strategy in PubMed was used for searching meta-epidemi-
ological studies published between 2015 and 2023. How-
ever, it should be acknowledged that PubMed has been 
recognized as one of the most complete and updated da-
tabases in the health literature. This was a meta-research 
study with a narrow scope. Therefore, some studies could 
have been missed. However, the aim was to bring together 
and discuss how the findings from meta-epidemiological 
studies can support the trustworthiness of RCTs in re-
habilitation. Our study included only published reports, 
meaning that there is a risk that we have failed to incor-
porate unpublished studies. We did not consider whether 
the studies adhered to the actual definition of meta-epide-
miological studies as described by Moustgaard et al..16, 42 
As highlighted by the literature, the definition of meta-epi-
demiological studies is unclear, and researchers used it in-
consistently. Secondly, meta-epidemiological studies did 
not assess the risk of bias; therefore, they included RCTs 
of any methodological quality, indirectly creating bias 
across the included meta-epidemiological studies.43, 44 For 
this reason, we only considered the bias domains used in 
the Cochrane Risk of Bias tool, excluding other significant 
biases such as publication45 or bias in measuring the out-
come.43 Thirdly, most interventions included in meta-epi-
demiological studies were physical therapy and exercise 
without any information regarding controls or the outcome 
measurements. This might lead to limited generalizability 
of the findings to other rehabilitation interventions, partici-
pants, and outcomes.

Conclusions

Our findings show that bias domains can influence the 
treatment effect in different directions. The evidence is 
mixed and inconclusive due to the poor methodological 
quality of RCTs as well as the limited number and quality 
of studies looking at the influence of bias and treatment 
effects in rehabilitation. We can only confirm the need to 
improve the reporting and the conduction of randomized 
studies. Further studies about the influence of bias in RCTs 
on rehabilitation intervention effect estimates are needed.
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