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Abstract
Objectives: To study the impact of lack of blinding of outcome assessors on estimated treatment effects of randomized clinical trials.
Study Design and Setting: Meta-epidemiological study. We included randomized trials with binary or measurement scale outcomes

that (1) allocated patients to subtrials with and without blinded outcome assessment, or (2) had both blinded and non-blinded assessments
of the same outcome. We identified trials from previous meta-epidemiological studies and searched six databases from 2013 to 2024. We
calculated a ratio of odds ratios (ROR) for each trial. A ROR ! 1 indicated a more favorable effect estimate by the non-blinded assessor.
We pooled RORs using random effects meta-analysis and conducted meta-regression, subgroup, and sensitivity analyses.

Results: We included 66 trials (9451 patients) across 18 clinical specialties. The pooled RORs in 43 trials (7055 patients) was 0.71
(0.55e0.92). Thirty of the 43 trials assessed highly subjective outcomes. Meta-regression showed no statistically significant association
between ROR and scores for outcome subjectivity (P 5 .53), vulnerability (P 5 .91), and involvement (P 5 .99). Heterogeneity was partly
explained by a larger impact in non-drug trials, ROR 0.62 (0.46e0.84), and industry-funded trials, ROR 0.57 (0.37e0.88). Sensitivity an-
alyses, including imputed data for 23 trials (2396 patients randomized), did not modify the observed impact importantly.

Conclusion: We provide empirical evidence of considerable bias in effect estimates of randomized trials with non-blinded assessors of
subjective binary and measurement scale outcomes. Non-blinded assessors exaggerated effect estimates, expressed as odds ratios, by 29%
(8%e45%) on average. This strongly supports blinding outcome assessors of subjective outcomes. � 2025 The Authors. Published by
Elsevier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The randomized clinical trial is the most trustworthy
research design for assessing the effects of interventions
and the primary source of evidence for systematic reviews
of interventions, clinical practice guidelines, and decisions
made by regulatory agencies [1]. However, results from
randomized trials may be biased due to limitations in
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design, execution, and reporting. One source of bias derives
from the expectations and preferences of the persons
responsible for assessing trial outcomes, often called ‘‘ob-
servers’’ or ‘‘outcome assessors.’’ Predispositions of ob-
servers may result in systematic differences in how
outcomes are assessed between experimental and control
groups, so-called observer bias. For example, expectations
about a promising new treatment may lead to a more opti-
mistic evaluation of the overall improvement of a patient in
the experimental compared to the control group.

Blinding outcome assessors in a trial, that is, keeping
them unaware of the allocated intervention of individual
patients, is intended to prevent observer bias and is an es-
tablished methodological principle. Still, many trials do
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Plain Language Summary

In a randomized clinical trial, the person evaluating the results (assessor) may be either unaware of the intervention
received by participants (blinded assessor) or aware of it (non-blinded assessor). Knowing which treatment a patient
received can influence the assessor’s evaluation of the effect; for example, if an assessor has high expectations for a
new experimental intervention, they may rate a patient’s improvement more favorably in the group that received the
intervention compared to the group that did not. We call this observer bias. In this study, we compared the results ob-
tained from blinded assessors to those from non-blinded assessors within the same trials to estimate the impact of
observer bias in randomized trials. We found that non-blinded assessors exaggerated the experimental intervention ef-
fect by approximately 29%, on average, compared to blinded assessors. Our results indicate that when an evaluation of
a patient in a randomized trial requires judgment, there is potential for substantial bias if assessors are not blinded. To
ensure more reliable results, randomized clinical trials should blind assessors whenever possible.
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not use blinded outcome assessors. A review of randomized
trials published in general medicine journals found that
among 225 trials that required assessment of the primary
outcome, (ie, not all-cause mortality), 79 (35%) had
blinded outcome assessors [2]. Furthermore, 46 of 100 tri-
als reported as ‘‘double blind’’ had identified the outcome
assessor as blind [2].

The empirical evaluation of the impact of lack of blind-
ing of outcome assessors provides an estimate of the
average degree of observer bias, its range, direction, and
heterogeneity. Thus, it can inform an evidence-based inter-
pretation of individual trial results. In the context of sys-
tematic reviews, such evaluations support the risk of bias
assessment in the included trials, which will directly influ-
ence the analysis and conclusions drawn from the review.

Unfortunately, empirical evaluation of observer bias has
so far provided inconsistent results. Classic meta-
epidemiological studies that compare effect estimates from
subgroups of trials with and without blinded outcome as-
sessors within meta-analyses, have reported estimates with
wide confidence intervals consistent with some degree of
bias in either direction (ie, over- and under-estimation of
the treatment effect; Table 1) [3e11]. While some studies
reported a tendency to exaggerate treatment effect esti-
mates in trials without blinded outcome assessors
[3,6,8,11], the largest study, MetaBLIND, notably found
no evidence for a difference between trials with and
without blinded outcome assessors [7]. However, the obser-
vational nature of these comparisons carries a risk of con-
founding, as any true impact of lack of blinding may
have been nullified or modified through other systematic
differences between the trials in the included meta-
analyses.

Between 2012 and 2014, we published three meta-
epidemiological studies based on randomized trials using
both blinded and non-blinded assessments of the same
outcome and patients [12e14]. This design considerably
reduces the risk of confounding compared with observa-
tional between-trial analyses. We found that lack of blind-
ing of outcome assessors in trials with subjective outcomes
was associated with substantially biased effect estimates:
non-blinded assessors exaggerated odds ratios (ORs) by
36% (4%e57%) [12], standardized mean differences by
68% (14%e230%) [13], and hazard ratios by 27% (7%e
43%), on average, compared with blinded assessors [14].

The discrepancy between the results of MetaBLIND and
other similar meta-epidemiological studies and the results
based on analysis of trials with both kinds of assessors is
disconcerting and challenging to interpret. Classic meta-
epidemiological studies are easier to conduct and include
a large number of trials. In contrast, trials with both types
of assessors are rare, and the three atypical meta-
epidemiological studies each have a modest number of
included trials within a limited range of clinical specialties
[12e14]. Yet, they are methodologically more reliable.

We, therefore, found it relevant to update and expand
our analysis of trials with both blinded and non-blinded
outcome assessors with the aim of re-estimating the impact
of lack of blinding of outcome assessors on the estimated
treatment effects of randomized clinical trials.
2. Methods

We conducted a meta-epidemiological study of trials
with blinded and non-blinded outcome assessors [12,13].
The main innovations are the (1) inclusion of trials that
directly randomize patients to blinded and non-blinded sub-
trials, (2) identification of additional randomized trials with
blinded and non-blinded assessors, mostly published since
2013, and (3) conversion of measurement scale outcomes
to binary outcomes, resulting in a larger sample size.

2.1. Protocol and amendments

We prespecified the methods in a protocol available in
Appendix A. We also report all the amendments made to
the protocol in the Appendix.

2.2. Eligibility criteria

We included randomized clinical trials in which patients
were allocated to two subtrials that differed only in one



What is new?

Key findings
� Our results show substantial bias in the effect esti-

mates of randomized trials with non-blinded asses-
sors of subjective outcomes, with an exaggeration
of effect estimates, expressed as odds ratios, of
29% (95% CI 8%e45%) on average. There was
an apparent larger impact on non-drug and
industry-funded trials.

What this adds to what is known?
� Our study provides updated empirical evidence

based on comparisons within trials with both
blinded and non-blinded assessors. This result is
more reliable than results based on between-trial
comparisons from classic meta-epidemiological
studies.

What is the implication and what should change
now?
� Our results should be considered when designing

randomized trials and when interpreting findings
of individual trials, for example, when conducting
systematic reviews.

� Outcome assessors of randomized trials with sub-
jective outcomes should be blinded whenever
possible.
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having blinded assessors and the other non-blinded asses-
sors. We also included randomized clinical trials in which
blinded and non-blinded assessors evaluated the same
outcome for all patients or a random subset of patients.
We refer to the first type as ‘‘randomized between-trial
comparison’’ and the second as ‘‘observational within-
trial comparison.’’

We excluded trials where it was not clear which group
was experimental, since these do not allow for a non-arbi-
trary evaluation of the direction of any bias; trials in which
blinded and non-blinded assessors had access to each
other’s results when assessing the outcome, or where it
was obvious that blinded assessors became aware of the pa-
tient’s treatment group (eg, radiographs showed ceramic
material indicative of the experimental intervention); trials
with an adjudication committee as the blinded assessor,
since adjudication can involve knowledge of the local
non-blinded assessment, and the information available for
the blinded and non-blinded assessors could be systemati-
cally different (eg, restricted to events only or no further ex-
aminations after locally determined event); trials with
patient-reported outcomes (ie, patients as the blinded or
non-blinded ‘‘assessors’’ of their outcomes); trials that only
reported blinded and non-blinded assessment of time-to-
event outcomes (see Appendix A); trials where the blinded
and non-blinded assessors used different scales for the same
outcome; and trials that only investigated outcomes other
than clinical therapeutic effects of interventions.

2.3. Information sources and search strategy

We identified all trials included in the previous meta-
epidemiological studies of within-trial comparisons
[12e14]. We searched for trials published from September
15, 2013 (final search for previous studies, covering all out-
comes) to February 16, 2024, in the bibliographic databases
PubMed, Embase, PsycINFO, CINAHL, Cochrane Central
Register of Controlled Trials, and the full-text database
Google Scholar. We used the search strategy developed in
the previous meta-epidemiological studies (Appendix B).
For each search string used in Google Scholar, we screened
the first 200 hits.

We searched for potentially eligible trials in the refer-
ence lists and the first 50 studies that cited the newly
included trials (via Google Scholar).

2.4. Selection process

One author read all abstracts from standard databases
and all text fragments from full-text databases. When a
study was deemed potentially eligible, one author retrieved
the full trial publication and excluded clearly ineligible
studies. Two researchers decided on eligibility for the re-
maining studies. Disagreements were resolved by
discussion.

2.5. Data collection process

We obtained the data sets from the previous meta-
epidemiological studies [12,13]. We checked the soundness
of the data by replicating the descriptive tables and main
analyses of the previous studies. We report the minor ad-
justments to the data sets with reasons in Appendix C.

Two researchers independently extracted information
from newly included trials using a previously tested MS
Excel data collection form. Disagreements were resolved
by discussion. When trials had incomplete or unclear data
(eg, no SDs), we contacted the corresponding author via
e-mail and sent at least two reminders. We asked trial au-
thors for either summary results or individual patient data.
We also searched for data on the Food and Drug Adminis-
tration website.

2.6. Data items

We extracted the following trial characteristics: design,
main objective, number of study groups, type of experi-
mental intervention, control group and outcomes examined,
medical specialty, funding, and type of journal (specialty or
general medicine). We also extracted methodological



Table 1. Meta-epidemiological studies comparing trials with blinded outcome assessors to trials without, within meta-analysis (between-trial
comparison)

Study Clinical area
No of MA in
the analysis

No of trials in
the analysis

Outcome assessed
(as reported by the study)

Ratio of odds ratio
(95% CI)

Studies not including meta-analyses of all-cause mortality

Chaimani 2013 [3] Multiple specialties NS 254 Non-mortality outcomes (NS) 0.87 (0.63e1.20)a,b

Hartling 2014 [4] Child health NS NS Incl. acute otitis media, chronic
suppurative otitis media,
clinical malaria, acute
respiratory tract infection,
emergency department visits,
failure to rehydrate, diarrhea,
aggression, nocturnal enuresis,
depression, anxiety, DMFS
index

1.00 (0.82e1.22)c

Armijo-Olivo 2017 [5] Physical therapy 17 165 Incl. Chalder fatigue scale, fasting
plasma glucose, physical
activity, range of motion,
disability, gait speed, pain,
reduction of depression
symptoms, treadmill walking
distance

1.14 (0.86e1.49)b,c

Haring 2020 [6] Testosterone therapy 5 36 Incl. prostate-specific antigen
levels, hemoglobin A1C levels,
body weight, and
cardiovascular-related events

0.55 (0.20e1.54)

Moustgaard
2020dMetaBLIND [7]

Multiple specialties 46 397 Incl. cause-specific mortality,
clinician-assessed outcomes
(eg, lung function), global
improvement, laboratory-
reported outcomes, lifestyle
outcomes (eg, diet), major
morbidity event, mental health
outcomes, pain, perinatal and
pregnancy outcomes, quality of
life, radiological outcomes, and
surgical and device-related
outcomes

1.01 (0.86e1.18)a

Amer 2021 [8] Surgery NS 161 Length of hospital stay 0.39 (0.15e1.00)c

Studies including meta-analyses of all-cause mortality

Bialy 2014 [9] Neonatal NS NS Incl. pneumothorax, all-cause
mortality, improvement in
oxygenation, need for
mechanical ventilation, need
for retreatment, chronic lung
disease, failure of permanent
patent ductus arteriosus closure

1.08 (0.85e1.33)b

Wang 2021 [10] Chronic medical
conditions

NS NS Incl. all-cause and cause-specific
mortality, disease progression,
adverse events, others (NS)

1.04 (0.93e1.16)b

Stadelmaier 2022 [11] Nutrition 12 NS Incl. cardiovascular disease, all-
cause mortality, cancer, pre-
eclampsia, gestational
diabetes, preterm birth,
colorectal adenoma

0.88 (0.73e1.07)

MA, meta-analysis; NS, not specified.
a Credible interval.
b Direction of the published estimate reversed, such that a ROR ! 1 indicates that the non-blinded outcome assessor yielded a more favorable

effect estimate than the blinded assessor.
c Converted from difference in standardized mean differences 5 Hartling 2014d0.00 (�0.11 to 0.11); Armijo-Olivo 2017d0.07 (�0.22 to

0.08); Amer 2021d0.52 (�1.04 to 0.00).
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characteristics: random sequence generation and allocation
concealment, blinding of patients and treatment providers,
and handling of attrition.

From each trial, we selected one outcome with blinded
and non-blinded assessments. If more than one outcome
was available, we selected the primary outcome. If no
outcome was defined as primary, we selected the most clin-
ically relevant (see Appendix A for more details on
outcome prioritization).

For binary outcomes, we extracted the total number of
failures and successes in each group resulting from blinded
and non-blinded assessments. For measurement scale out-
comes, we extracted the posttreatment mean (or change
from baseline), its respective SD, and number of patients
in each group for blinded and non-blinded assessments.
When necessary, we inverted the scale by multiplying the
mean values by �1 to ensure that higher values represented
worse states.
2.7. Data assessment

We classified each outcome according to whether it was
measured based on a hypothesis of benefit (eg, the experi-
mental intervention will reduce pain compared to the con-
trol intervention) or based on another type of hypothesis
(eg, a hypothesis of harm when measuring side effects or
a hypothesis of equivalence).

Two authors masked to the trial results independently as-
signed each outcome a score of 1e3 (low to high) on three
factors: outcome subjectivity, that is, the degree of asses-
sor’s judgment involved in assessing the outcome (eg,
low for reading a laboratory sheet and high when evaluating
overall aesthetic improvement); vulnerability of the
outcome to the reporting and behavior of non-blinded pa-
tients (eg, low for a radiographic assessment and high for
evaluations using questionnaires); and non-blinded
outcome assessor’s overall involvement in the trial (eg, high
for an assessor who is also the lead investigator and low for
an independent outcome assessor). Disagreements were
resolved by discussion.

Two authors independently evaluated the presence (yes/
no) of four factors that could systematically distort the
measured differences between blinded and non-blinded as-
sessments: considerable difference in timing of blinded and
non-blinded assessment, difference in type of assessor (eg,
pulmonologist v radiologist), difference in method (eg,
direct visual assessment v photograph), and whether both
blinded and non-blinded assessors evaluated identical (or
randomly sampled) groups of patients. We evaluated the
first three factors in a masked manner. Disagreements were
resolved by discussion.
2.8. Data conversion

We treated results from cross-over and split-body trials
as results from parallel group trials. We calculated ORs
for failures for blinded and non-blinded assessments for
each trial with binary outcomes. When there were zero
events in one group, we used the ‘‘treatment arm’’ continu-
ity correction, adding a factor of the reciprocal of the size
of the opposite treatment arm [15]. An OR !1 indicates
a beneficial effect of the experimental intervention.

We expressed the impact of lack of blinding of outcome
assessors for each trial as a ratio of OR (ROR 5 ORnon--

blinded/ORblinded). An ROR ! 1 indicates that the non-
blinded outcome assessor yielded a more favorable effect
estimate than the blinded assessor (details in Appendix D).

For trials that only reported measurement scale out-
comes, we calculated standardized mean differences
(SMDs), correcting for small sample bias (ie, Hedges’ g),
for blinded and non-blinded assessments using the pooled
SD of the blinded assessment as the common standardizing
unit. We then calculated a difference in SMD (details in
Appendix D) and re-expressed it as ROR, assuming an un-
derlying logistic distribution [16].
2.9. Data analysis

For our main analysis, we pooled individual RORs of tri-
als with complete data for outcomes measured based on a
hypothesis of benefit using random effects meta-analysis
with inverse variance weights (DerSimonian-Laird) [17].
Our estimation of the impact of lack of blinding of outcome
assessors was based solely on SEs that disregarded the
dependence of blinded and non-blinded assessments within
trials. We stratified the main analysis by type of comparison
(randomized between-trial or observational within-trial) but
conducted all other analyses irrespective of the type of
comparison. We evaluated inconsistency using the I2 statis-
tic [18], and we present prediction intervals to aid the inter-
pretation of heterogeneity [19].

We conducted random effects meta-regressions on the
log(ROR) of the main analysis to explore the association
with our scores for the degree of (1) outcome subjectivity,
(2) vulnerability to the reporting and behavior of non-
blinded patients, and (3) non-blinded assessor’s overall
involvement in the trial, separately and as continuous
variables.

To investigate the impact of the factors that could sys-
tematically distort the observed differences, we conducted
four subgroup analyses based on differences in timing, type
of assessor, method, and group of patients assessed by
blinded and non-blinded assessors. In the latter, we did
not include randomized between-trial comparisons.

To investigate other sources of heterogeneity, we con-
ducted five subgroup analyses by type of experimental
intervention (drug v surgery/psychosocial/other), source of
funding (industry v nonindustry), trial design (parallel
arm v not parallel), publication objective (observer bias
main objective v not), and type of non-blinded assessor
(panel consensus v single assessor). We considered a P-
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value !.1 for the test for subgroup differences to indicate a
statistically significant effect [20].

We tested the robustness of our main analysis with five
sensitivity analyses. In the preplanned sensitivity analyses,
we first gave all trials equal weight. Then, we calculated the
impact of lack of blinding of outcome assessors for binary
and measurement scale outcomes separately. We conducted
three post hoc sensitivity analyses: (1) excluding trials with
zero events in one group, (2) reversing the direction of bias
of one trial, and (3) including trials with incomplete or un-
clear data. For the latter, we first included the trials with
tentative ROR, calculated with available but incomplete,
unclear, or discrepant data, and in the second stage, we
included trials with no data (ie, only measures of agree-
ment) assuming two scenarios: (1) non-blinded assessors
yielded more favorable effect estimates (ROR 0.90) and
(2) blinded assessors yielded more favorable effect esti-
mates (ROR 1.11; details in Appendix E).

We conducted all analyses using Stata 18 (StataCorp
LLC).
Figure 1. Flow diagram for iden
3. Results

We identified 11622 records after removing duplicates
(Fig 1). We assessed 163 full reports for eligibility and
excluded 97: 11 from the previous meta-epidemiological
studies as they reported only time-to-event outcomes, and
for the remaining 86, the reasons for exclusion were mainly
that they lacked a non-blinded assessment, the experimental
group was not clearly specified, or the assessors had access
to each other’s results (confirmation rather than an indepen-
dent outcome assessment; Appendix F). Thus, we included
66 trials (9451 patients randomized) with blinded and non-
blinded outcome assessments [21e86].

One trial published in 1966 aimed to investigate
observer bias and randomized 32 patients receiving psychi-
atric interventions to two subtrials with either blinded or
non-blinded outcome assessment, thus allowing for a ran-
domized between-trial comparison [36].

Sixty-five trials published from 1983 to 2023 studied the
effect of interventions across 18 clinical specialties and had
tification of eligible trials.



Table 2. Characteristics of 66 randomized clinical trials with both blinded and nonblinded outcome assessment

Characteristic All trials 66 (100)

Comparison type

Trials included in the
main analysis 43 (65)

Randomized
between-trial 1 (2)

Observational
within-trial 65 (98)

General

Parallel group design 54 (82) 1 (100) 53 (82) 37 (86)

Two study groups 62 (94) 1 (100) 61 (94) 6 (14)

Experimental intervention

Drug 19 (29) 1 (100) 18 (28) 12 (28)

Surgery 25 (38) 0 (0) 25 (38) 18 (42)

Psychosocial/behavioral/education 3 (5) 0 (0) 3 (5) 2 (5)

Other 19 (29) 0 (0) 19 (29) 11 (26)

Control group

Placebo 5 (8) 0 (0) 5 (8) 5 (12)

Standard care 41 (62) 0 (0) 41 (63) 29 (67)

No treatment 6 (9) 0 (0) 6 (9) 3 (7)

Active comparator 14 (21) 1 (100) 13 (20) 6 (14)

Primary outcome defined 52 (79) 0 (0) 52 (80) 34 (79)

Publication objective: observer bias 10 (15) 1 (100) 9 (14) 7 (16)

Published in specialty journal 48 (73) 0 (0) 48 (74) 29 (67)

Published in general medicine journal 15 (23) 1 (100) 14 (22) 12 (28)

Funding: industrya 31 (47) 1 (100) 30 (46) 42 (53)

Trial methodsb

Random allocation sequence
adequately generated

22 (33) 0 (0) 22 (34) 15 (35)

Random allocation sequence
adequately concealed

21 (32) 0 (0) 21 (32) 17 (39)

Patients blinded 16 (24) 0 (0) 16 (25) 13 (30)

All treatment providers blinded 2 (3) 0 (0) 2 (3) 1 (2)

Attrition: ITT and dropouts !15% 27 (41) 1 (100) 26 (40) 19 (44)

Medical specialty

Cosmetic surgery 11 (17) 0 (0) 11 (17) 9 (21)

Neurology 8 (12) 0 (0) 8 (12) 6 (14)

Dermatology 7 (11) 0 (0) 7 (11) 3 (7)

Vascular surgery 7 (11) 0 (0) 7 (11) 4 (9)

Psychiatry 6 (9) 1 (100) 5 (8) 4 (9)

Orthopedic surgery 4 (6) 0 (0) 4 (6) 4 (9)

Anesthesiology 3 (5) 0 (0) 3 (5) 1 (2)

Cardiology 3 (5) 0 (0) 3 (5) 2 (5)

Infectious diseases 3 (5) 0 (0) 3 (5) 2 (5)

Surgery 3 (5) 0 (0) 3 (5) 2 (5)

Ophthalmology 2 (3) 0 (0) 2 (3) 2 (5)

Otolaryngology 2 (3) 0 (0) 2 (3) 2 (5)

Plastic surgery 2 (3) 0 (0) 2 (3) 0 (0)

Specialties with one trialc 5 (8) 0 (0) 5 (8) 2 (5)

ITT, intention to treat.
Data are number (%).
a We considered trials as industry-funded if any of the funding sources was from the drug and device industry.
b We considered the random allocation sequence to be adequately generated if the trial described it as computer generated sequence, random

number tables, or coin tosses. We considered the sequence adequately concealed if the trial described the allocation as central or using sealed
envelopes. We considered patients or treatment/care providers to be blinded if the trial explicitly stated it for each group separately.

c Dentistry, gynecology, physiotherapy, pulmonary medicine, and traumatology.
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Figure 2. Estimated effects according to blinded and nonblinded
outcome assessor.
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both types of outcome assessors, allowing for observational
within-trial comparisons. Most studies (86%) aimed to
investigate clinical therapeutic effects of interventions
rather than observer bias and included a second assessor
to validate the other’s assessment or secure that data were
available for all patients. The median sample size was 90
(10the90th centile 21e299), and 53 trials (82%) had a par-
allel group design. All outcomes were evaluated based on a
hypothesis of benefit. Table 2 presents a summary of the
characteristics of the included trials, and Appendix Table
G.1 presents full details.

Nine (35%) of the 26 newly included trials published
data for both blinded and non-blinded assessments. After
contacting authors, the number of such trials with data
increased to 13 (50%). Of the 40 trials included in the pre-
vious meta-epidemiological studies, 30 (75%) had data for
blinded and non-blinded assessments. Thus, we included 43
trials in the main analysis (7055 patients randomized), 10
of which provided individual patient data
[22,28,35,37,38,44,46,58,66,67].

The effect estimates were more favorable when based on
non-blinded assessment in the single randomized between-
trial comparison, and 27 of the 42 trials (64%) in the obser-
vational within-trial comparison (Fig 2). The ROR in the 43
trials ranged from 0.01 to 14.39. The pooled ROR was 0.71
(95% CI 0.55e0.92), indicating that, on average, the OR
based on non-blinded assessments was exaggerated by
29% (8%e45%) compared with the OR based on blinded
assessments. There was moderate inconsistency
(I2 5 44%), and the 95% prediction interval ranged from
0.25 to 2.07 (Fig 3).

All trials evaluated subjective outcomes. Thirty trials
(70%) included in the main analysis evaluated an outcome
with high subjectivity (score 3 in a scale from 1 to 3). One
trial (2%) reported an outcome with low subjectivity (score
1) [28]. The outcomes were highly vulnerable to the report-
ing and behavior of non-blinded patients in 22 trials (51%),
and the non-blinded assessor had a high overall involve-
ment in 34 trials (79%), for example, treating physician
(Appendix Table G.2). Meta-regression analyses showed
no statistically significant association between the ROR
and the scores for outcome subjectivity (P 5 .529),
outcome vulnerability to the reporting and behavior of
non-blinded patients (P 5 .908), and non-blinded outcome
assessors’ involvement in the trial (P5 .992). However, the
slope of the regression line for outcome subjectivity was in
the expected direction, with a greater impact of lack of
blinding of outcome assessors on highly subjective out-
comes (Appendix H).

The methods used by blinded and non-blinded assessors
differed in 25 trials (58%), mainly non-blinded direct clin-
ical assessment vs blinded photograph/video assessment.
There was a difference in the type of assessor in 22 trials



Figure 3. Impact of nonblinded outcome assessors on estimated effects in randomized clinical trials.
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Table 3. Main, subgroup, and sensitivity analyses

Analysis No of trials I2 (%) ROR (95%CI)
P-value for subgroup

differences

Main analysis 43 44 0.71 (0.55e0.92)

Randomized between-trial comparison 1 NA 0.30 (0.01e6.05)

Observational within-trial comparison 42 45 0.72 (0.55e0.93)

Stratified by factors that could systematically distort observed differences

Timing of blinded and non-blinded assessments

Same/similar 42 45 0.72 (0.56e0.93) 0.40

Not same/similar 1 NA 0.11 (0.00e9.41)

Type of assessors

Same type (such as dentist v dentist) 21 0 0.88 (0.68e1.15) 0.16

Not same type (such as radiologist v
pulmonologist)

22 44 0.61 (0.40e0.94)

Methods used

Same procedure (such as
radiographs v radiographs)

18 24 0.79 (0.53e1.19) 0.59

Not same procedure (such as live v
photographs)

25 54 0.69 (0.50e0.95)

Patients evaluated

All evaluated by both assessors 22 0 0.81 (0.64e1.03) 0.37

Minority evaluated by one type of
assessor

20 68 0.63 (0.38e1.03)

Subgroup analyses

Experimental intervention

Drug 12 10 1.05 (0.71e1.55) 0.04

Surgery/psychosocial/other 31 48 0.62 (0.46e0.84)

Fundinga

Industry 23 65 0.57 (0.37e0.88) 0.06

Non-industry 16 0 0.92 (0.71e1.19)

Design

Parallel group 37 44 0.74 (0.57e0.96) 0.48

Not parallel group (split-body or
cross-over)

6 67 0.50 (0.17e1.45)

Publication objective

Observer bias main objective 7 0 0.87 (0.51e1.49) 0.46

Observer bias not main objective 36 52 0.69 (0.52e0.93)

Nonblinded assessment

Panel consensus 2 0 1.11 (0.55e2.24) 0.21

Single assessor 41 46 0.69 (0.53e0.90)

Sensitivity analyses

All trials equal weight 43 0.60 (NA)

Only binary outcomes 28 38 0.66 (0.47e0.92)

Only measurement scale outcomes
expressed as RORb

15 55 0.80 (0.53e1.20)

Excluding trials with zero events in one
arm

41 43 0.73 (0.57e0.94)

Direction of bias reversed in one trial
(Martin 2002) [53]c

43 42 0.68 (0.53e0.87)

(Continued )
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Table 3. Continued

Analysis No of trials I2 (%) ROR (95%CI)
P-value for subgroup

differences

Missing data

Including trials with tentative RORd 53 36 0.71 (0.57e0.88)

Also including trials with no datae

Scenario A, ROR 5 0.90 66 21 0.75 (0.63e0.89)

Scenario B, ROR 5 1.11 66 24 0.78 (0.66e0.93)

NA, not applicable.
a We excluded 4 trials because funding was not reported. Inclusion in the analysis as industry-funded trials results in an ROR (95% CI) of 0.56

(0.37e0.85), I2 5 61%, and a P-value of .05 for the test for subgroup differences.
b dSMD (95% CI) �0.13 (�0.35 to 0.10). A dSMD !0 indicates that the non-blinded assessor yielded a more favorable effect estimate than

the blinded assessor.
c Martin 2002 compared oral (experimental) to intravenous (control) administration of the same drug for cytomegalovirus retinitis in patients

with HIV. Although it was framed as expecting the oral administration to give better results (hypothesis of benefit), we find it plausible that the
outcome assessors preferred the established intravenous treatment.

d Based on available but incomplete, unclear, or discrepant data.
e Only reported measures or descriptions of agreement between assessors. We included these trials following two scenarios: exaggeration of

treatment effects by non-blinded (Scenario A) or blinded (Scenario B) assessors.
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(51%) and a considerable difference in the timing between
blinded and non-blinded assessments in 1 trial (2%). In 23
trials (53%), all patients were assessed by both blinded and
non-blinded assessors (Appendix Table G.2). Four of the 43
trials (9%) were free of all differences and had a pooled
ROR of 0.52 (95% CI 0.22e1.27; I2 5 0%)
[36,54,74,81]. Overall, we found no significant subgroup
effects for these factors (Table 3).

We explored sources of heterogeneity in the main anal-
ysis and found a statistically significant subgroup effect for
type of experimental intervention (P 5 .04) and funding
(P 5 .06). In trials with non-drug experimental interven-
tions, non-blinded assessors yielded more optimistic effect
estimates; however, in drug trials, there was a non-statisti-
cally significant effect in the opposite direction with low
inconsistency (I2 5 10%). Regarding sources of funding,
in both subgroups, the ROR indicated that, on average,
non-blinded assessors yielded more optimistic effect esti-
mates, but in industry-funded trials, the exaggeration was
greater (43% vs 8%). However, there was still considerable
inconsistency between trials within the industry-funded
subgroup (I2 5 65%). We found no significant subgroup ef-
fects for the other analyses (Table 3).

Our results were largely consistent across sensitivity an-
alyses (Table 3). We did not include 23 trials (35%) (2396
patients randomized) in the main analysis because of insuf-
ficient data. We imputed data and calculated a tentative
ROR for 10 trials (1345 patients randomized). The remain-
ing 13 trials (1051 patients randomized) reported only mea-
sures of agreement between blinded and non-blinded
assessors, for example, kappa values, correlation coeffi-
cients, or narrative statements, such as ‘‘considerable agree-
ment’’ (Appendix Table G.3). Sensitivity analysis including
tentative ROR of 10 trials did not change the point estimate
(ROR 0.71). Similarly, analyses including trials following
two scenarios, where either non-blinded or blinded asses-
sors yielded more favorable effect estimates, did not
modify the observed impact (ROR 0.75 and 0.78; Table 3
and Appendix H).
4. Discussion

We provide evidence of substantial bias in the effect es-
timates of randomized clinical trials with non-blinded as-
sessors of subjective outcomes. The pooled ratio of ORs
was 0.71 (0.55e0.92), indicating that nonblinded assessors
of subjective outcomes exaggerated effect estimates, ex-
pressed as ORs, by an average of 29% (8%e45%). Notably,
the 95% prediction interval ranged from 0.25 to 2.07, and
the pooled result involved moderate inconsistency. Hetero-
geneity was partly explained by more pronounced observer
bias in industry-funded trials ROR 0.57 (0.37e0.88) and
non-drug trials ROR 0.62 (0.46e0.84), but some heteroge-
neity remains unexplained.
4.1. Strengths and weaknesses of the study

The main innovation and strengths of our study are its
robust methodological design and the inclusion of a
comparatively large number of trials. The included 66 trials
covered 18 clinical areas, the main analysis was based on
43 trials with 7055 randomized patients, and individual pa-
tient data provided 24% of the weight of the main analysis
(10 trials, 1781 randomized patients). We included one trial
with direct randomization to blinded or non-blinded
outcome assessor, which is a rare case of an experimental
comparison of a methodological characteristic of trial
design. The remaining 65 trials compared blinded and
non-blinded assessments of the same outcome based on
the same patients within the same trial, with a low risk of
confounding.

We consider our analysis to have two main challenges.
The first is missing data, as 23 trials (35%) did not provide
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enough data to be included in the main analysis. In most
cases, the separate results from the blinded and non-blinded
assessments were not predefined trial outcomes. Therefore,
we do not consider our results intrinsically at high risk of
bias due to selective reporting. However, we did assess
the impact of missing data by first imputing ratios of ORs
for 10 trials with uncertain or discrepant data and then con-
ducting analyses assuming an exaggeration of effect esti-
mates by the non-blinded or blinded assessors for the
remaining 13 trials. These two scenarios reasonably repre-
sent a ‘‘good agreement’’ between assessors. All analyses
were consistent with the result of the main analysis.

The second challenge is external validity. None of the
trials in our analysis assessed outcomes that were clearly
objective. Furthermore, the inclusion of both types of asses-
sors in a single trial may be interpreted as an indication that
trial investigators considered the outcome to be particularly
susceptible to bias. Still, the general and methodological
characteristics of the trials included in our study mirror that
reported by Hopewell et al. in their study of the epidemi-
ology of clinical trials [87]. Our sample included 44 clinical
conditions across 18 specialties, indicating fairly broad
applicability across clinical settings. Overall, we consider
our sample reasonably representative of trials with subjec-
tive outcomes, that is, outcomes that require some degree of
judgment by the observer.

It is important to note that the blinded and non-blinded
assessments of a trial outcome for a given patient are corre-
lated. In our estimation of the impact observer bias, we
used standard errors that disregarded the dependence of
blinded and non-blinded assessments within trials. Disre-
garding the dependence, all other things being equal, tends
to inflate the width of the CI. However, in our previous
meta-epidemiological studies of observational within-trial
comparisons, the secondary analyses that took this correla-
tion into account yielded similar results to the main anal-
ysis [12,13].
4.2. Other studies

Our results are consistent with, and expand on, those
from our previous meta-epidemiological studies of binary
and measurement scale outcomes [12,13]. The meta-
epidemiological study of trials with time-to-event outcomes
reported a ratio of hazard ratio of 0.88 (0.69e1.12), also
indicating an exaggeration of the treatment effects by the
non-blinded assessors [14]. We excluded such trials from
the present study, as conversion from time-to-event to bi-
nary outcomes involves a series of assumptions we were
not confident were valid for the trials in question.

A recent review of meta-epidemiological studies [88]
aimed to evaluate the impact of blinding of outcome asses-
sors and included two other observational within-trial com-
parisons in addition to our three meta-epidemiological
studies. Both studies included trials that allowed for a com-
parison between local outcome assessment and blinded
central review or adjudication committees [89,90]. We
consider the trials included in these comparisons different
from those in the present study. Even if adjudication applies
both to events and nonevents, the methods for central
assessment are not always clearly reported, and bias can
be introduced through knowledge of the result of the local
outcome assessment and informative censoring [91]. Still,
their results are consistent with our findings in terms of
the direction of bias. Dello Russo et al. reported a ratio
of hazard ratios of 0.98 (0.91e1.03) [89], and Ndounga Di-
akou et al. reported a ratio of ORs of 0.76 (0.48e1.21) [90].
In contrast, a similar study not in the review found no evi-
dence of a difference between central adjudication and
local assessment (ratio of treatment effects 1.02,
0.95e1.09) [92].

Previous meta-epidemiological studies of observational
between-trial comparisons have seen a potential overesti-
mation of treatment effects in trials without blinded
outcome assessors [6]. However, the estimates of the
average degree of bias had wide CIs, including consider-
able and no differences. MetaBLIND is the largest and
most recent study including trials in multiple specialties
and notoriously found no evidence of a difference between
trials with and without blinded outcome assessment [7].
The difference between the impact observed in Meta-
BLIND and our present study can be partly explained by
the risk of confounding that affects observational
between-trial comparisons and differences in the character-
istics of the trials included in the main analysis of both
studies. For example, a larger proportion of trials in Meta-
BLIND evaluated experimental drug interventions (49% vs
27%), and only 1% evaluated surgical interventions (vs
41% in our present study). As suggested by our subgroup
analysis, there may be a larger impact of lack of blinding
of outcome assessors in non-drug trials. Further exploration
of the characteristics of trials included in between- or
within-trial comparisons can provide insights into the
possible sources of variation in the estimated impact of lack
of blinding of outcome assessors.
4.3. Mechanisms and implications

The impact of lack of blinding of outcome assessors,
that is, observer bias, can be understood as the result of
the interaction between assessors’ predisposition and the
subjectivity of the outcome. It is reasonable to expect that
if assessors have little or no preconceptions, the impact of
blinding would be less noticeable. However, it is chal-
lenging to evaluate reliably an assessor’s preconceptions
in any specific trial. Similarly, it is reasonable to expect that
if an outcome is objective, that is, involving no judgment
[93], blinding outcome assessors is irrelevant, as is the case
for all-cause mortality and, possibly, non-repeatable labora-
tory outcomes.

Our findings and theoretical rationale suggest that for
outcomes that require some degree of judgment by an
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observer, there is a considerable risk that non-blinded as-
sessors will give biased results, thus providing a solid argu-
ment in favor of the established methodological principle of
blinding outcome assessors. Fortunately, it is possible to
blind outcome assessors in most trials, including pragmatic
effectiveness trials [94].

The difference between our results and those obtained
from observational between-trial comparisons, such as the
MetaBLIND study, emphasizes the limitations and risk of
bias in the classic meta-epidemiological approach. For
example, in addition to the risk of confounding, these
studies have a comparatively higher risk of misclassifying
the blinding status of the outcome assessor, which can bias
the results [95]. Some studies rely on, sometimes reused,
classifications based on risk of bias assessment, which con-
siders additional trial aspects (eg, likelihood of outcome be-
ing affected by non-blinded assessor in specific contexts).
Despite this, the MetaBLIND study has been cited as evi-
dence against blinding outcome assessors. We suggest a
cautious interpretation of the results of the increasing num-
ber of published observational between-trial comparisons
and that our present study gives a more credible empirical
assessment of observer bias.

This study provides additional empirical basis for the
risk of bias assessment tools, for example, the Revised Co-
chrane risk of bias tool for randomized trials (RoB 2) [96].
Currently, RoB 2 guidance suggests that for trials with non-
blinded outcome assessment, a higher risk of observer bias
is expected if the control group receives no treatment or
usual care, and if the outcome assessor is also involved in
patient care. Our study adds that special attention should
also be given to trials of non-drug interventions and trials
funded by the drug and device industry.

In conclusion, we provide empirical evidence for the
average degree of bias caused by the lack of blinding of
outcome assessors in randomized clinical trials, as well as
the range of bias, its general direction, and sources of het-
erogeneity. Non-blinded assessors of subjective outcomes
exaggerate estimated effects, expressed as ORs, by an
average of 29% (8%e45%). We suggest that this result,
based on randomized between-trial comparisons and obser-
vational within-trial comparisons, is more trustworthy than
that of meta-epidemiological studies based on observa-
tional between-trial comparisons. Outcome assessors in
randomized clinical trials should be blinded whenever
possible, except in trials with clearly objective outcomes.
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