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Abstract

Background: Blinding aims to minimize biases from what participants and investigators know
or believe. Randomized controlled trials, despite being the gold standard to evaluate treatment
effect, do not generally assess the success of blinding. We investigated the extent of blinding in
back pain trials and the associations between participant guesses and treatment effects.

Methods: We did a review with PubMed/OvidMedline, 2000-2019. Eligibility criteria were back
pain trials with data available on treatment effect and participants’ guess of treatment. For
blinding, Blinding Index was used as chance-corrected measure of excessive correct guess (0 for
random guess). For treatment effects, within-/between-arm Effect Sizes were used. Analyses of
investigators’ guess/blinding or by treatment modality were performed exploratorily.

Results: Forty trials (3,899 participants) were included. Active and sham treatment groups had
mean blinding index of 0.26 (95% CI: 0.12, 0.41) and 0.01 (-0.11, 0.14), respectively, meaning
26% of participants in active treatment believed they received active treatment, whereas only 1%
in sham believed they received sham treatment, beyond chance, i.e., random guess. A greater
belief of receiving active treatment was associated with a larger within-arm effect size in both
arms, and ideal blinding (namely, ‘random guess’, and ‘wishful thinking’ that signifies both
groups believing they received active treatment) showed smaller effect sizes, with correlation of
effect size and summary blinding indexes of 0.35 (p=0.028) for between-arm comparison. We
observed uniformly large sham treatment effects for all modalities, and larger correlation for
investigator’s (un)blinding, 0.53 (p=0.046).

Conclusion: Participants in active treatments in back pain trials guessed treatment identity more
correctly, while those in sham treatments tended to display successful blinding. Excessive correct
guesses (that could reflect weaker blinding and/or noticeable effects) by participants and
investigators demonstrated larger effect sizes. Blinding and sham treatment effects on back pain
need due consideration in individual trials and meta-analyses.

Keywords
Back pain; blinding; clinical trial; guess; meta analysis; placebo; systematic review

Clin Trials. Author manuscript; available in PMC 2021 June 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Freed et al. Page 3

Introduction

Back pain is a significant and costly health problem. According to the 2017 Global Burden
of Disease Study, nearly 577 million people suffer low back pain globally, as a leading cause
of years lost to disability.! While estimates vary, it is generally accepted that costs associated
with back pain in the U.S. approximate 90 billion dollars annually for diagnosis and
treatment.2~4 Recently, the National Institutes of Health established “Back Pain Consortium
as part of the Helping to End Addiction Long-term (HEAL) Initiative”, and emphasized a
need for Phase-2 clinical trials (https://heal.nih.gov/research/clinical-research/back-pain),
citing that current chronic low back pain treatment options are ineffective, which has led to
an increased use of opioids.

Although there is a wealth of research evaluating various treatment modalities for back pain,
uncertainty among clinicians remains regarding which treatments are most likely to be
effective among specific patient types. The first comprehensive protocol for acute low back
pain in the U.S. was released in 1994,° after which increased research, systematic reviews,
and meta-analyses became available such that the American College of Physicians and the
American Pain Society established joint guidelines for diagnosis and treatment of back pain
in 2007 and 2017.5-8 Current guidelines for acute and chronic pain stress avoidance of
diagnostic imaging and include an array of pharmacologic and non-pharmacologic
approaches; however, they do not address the relative strengths of these treatment
modalities. Further, while the Guideline for the Evaluation and Management of Low Back
Pain identified 11 criteria to assess the quality of clinical trials—including whether blinding
was employed-—it does not address if blinding was reasonably well maintained.®7 Blinding
can be particularly important to subjective outcomes.

CONSORT 2010 removed the item about assessment/test of blinding, and there was no
consensus on topics relative to study design, data collection, analytic approach, and
interpretation of results.>-1° In contrast, assessing the success of blinding was considered by
consensus to be essential, so reporting on tests for blinding has therefore been added to the
TIDieR checklist in 2020, along with detailed guidance.1®8 CONSORT offers separate
guidelines for non-pharmacological treatments}7=20it is accepted that there are inherent
difficulties in blinding non-pharmacologic interventions, supporting the need to evaluate
blinding techniques.2! While the majority of randomized controlled trials (RCTs) under-
assessed/reported blinding assessment,13:17:22 there have been advances in statistical
framework and methodologies regarding blinding in RCTs.23-36 For example, a blinding
index, a chance-corrected measurement of potential unblinding, was developed as a proxy
for disproportionate correct guesses in a trial. Blinding index can evaluate blinding success
and patterns, and help elucidate possible underlying scenarios in a systematic and
standardized manner.

Back pain in reviews offers the advantage of having multiple treatment modalities for a
common medical condition so standardized comparisons can be attempted. Utilizing the
blinding index to assess blinding in back pain trials may elucidate a correlation between
participants’ perception of treatment received and treatment effect sizes—pre- and post-
treatment and between-treatment changes. By comparing blinding index values with within-

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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arm and between-arm effect size changes, it may be possible to systematically study their
relationships.

Our aims were to evaluate the degree of potential (un)blinding in back pain trials in 2000-19
(overall; by modality) and to assess correlation between potential unblinding and treatment
effects using empirical data and validated, standardized measures-blinding index and effect
size. We hypothesized: 1) blinding is unsatisfactory in back pain trials overall; 2) feasibility
of blinding differs by modalities (e.g., medications are easier); and 3) weaker blinding is
associated with larger effect sizes.

Data sources and searches

Eligible studies were limited to RCTs in humans, written in English, and published in 2000—
19. Our search was not limited to specific treatment type, area, or diagnosis. Of note,
because blinding assessment data are rare, we kept clinical inclusion and search criteria very
broad. The protocol and checklist are in the supplemental material.

Study selection

We attempted a meta-analysis in 2013-14, which was put on hold due to reasons unrelated
to study results, such as limited resources, authors’ relocations, and complexity in study
identification, data retrieval, and independent verification. In 2013-14, studies were initially
screened by authors (Freed/Williams) in 2000-13 (call ‘period 1) via OvidMedline and
PubMed using keywords “randomized clinical trials” and “back pain”; these searches
resulted in the same results. In 2019-20 when the effort resumed, studies published in 2014—
19 (“period 2’) were further screened by authors (Park/Bang), using the following search
terms for initial screening by PubMed: “back pain”; “blind or mask”; and “randomized
clinical/controlled trials”. Two authors (Park/Bang) also double- and cross-checked
previously identified trials (in 2000-13) independently. Blinding data are almost never
mentioned in title/abstract/keywords, which are relatively easy to search, we focused on
finding blinding data within text/tables/figures.

Although our primary searches and recordkeeping may be less rigorous than standard
systematic reviews or meta-analyses, treatment guidelines and previous review
papers6:26.27.37.38 \yere carefully read to find eligible trials, because these sources can
provide useful hints for a targeted and efficient search, not generally captured by standard
searches. Furthermore, we asked trialists/experts in the fields if they are aware of any
blinding data.

In screening, we looked for data on patient guesses of treatment allocation by manual
searching and browsing/skimming, e.g., search words such as ‘blind,” ‘mask,” ‘allocate,’
‘conceal,” ‘believe/belief,” and/or ‘guess,” because data are often located around these
words. Studies that asked participants to guess treatment group (active, control, with or
without “do not know™) in an analyzable format (e.g., counts, %, or blinding index) were
included. When data were not complete or analyzable, we contacted authors. We studied
investigators’ blinding for exploratory analysis from 5 trials.

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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We recorded/classified modality into 4 categories: Acupuncture; Medication (oral, topical,
intravenous); Physical and Chiropractic therapy (abbreviated as PT/Chiro); and Procedure
(interventional); see descriptions and details in Table S1 (supplemental material).

Of note, because this review was concerned with evaluating a component of study
methodology (blinding), rather than treatment efficacy/effectiveness as in traditional meta-
analysis, we did not assess quality or risk of bias. Blinding status is based on authors’ se/f-
designation,3® single/patient-blind may be a norm in back pain trials, and single-blind may
convey higher quality than poorly maintained double-blind. Suboptimal practice persists in
the usage/reporting of blinding in RCTs.40.41

Data extraction

Among the eligible studies, data regarding patient guesses of treatment assignment were
obtained for each arm and tabulated in 2x2 or 2x3 formats. Blinding data were generally
collected once: at the end of study or treatment, or before cross-over.

To calculate effect size for clinical outcomes, we retrieved sample Meanyre/SDpre/
Meanpost/SDpost, Where pre/post denote pre/post-treatment and SD denotes standard
deviation. We used primary timepoint as stated in original publications following our study
protocol. We intended to retrieve two clinical outcomes from each trial-primary and
secondary. For primary outcome, we selected “pain,” prespecified as sole or co-primary
outcome. For secondary outcome, we included original non-pain primary outcome or next
important pain outcome, as detailed in Table S1 (supplemental material).

Four authors (Freed/Williams in period 1; Park/Bang in period 2) retrieved data, and two
authors (Park/Bang) checked data accuracy of all studies. One author (Situ) double-checked
everything again. Within and over two periods, two persons tried to work as independently
as possible, but some dependence was unavoidable for timely discussions on hard-to-find
data and accurate retrieval.

Data synthesis and analysis

The number of participants’ guesses of treatment group allocation was used to calculate
blinding index for active and sham treatment groups in each study, where verum (V)
represents active, experimental, real or new treatment, and sham (S) represents control or
placebo treatment. Blinding index can be interpreted as the proportion of correct guess of
treatment assigned beyond chance in each arm. Values range from -1 to 1: the closer to 0O,
the more random the guesses (50:50 or perfect balance); the closer to 1, the more correct the
guesses; and the closer to -1, the more opposite or incorrect the guesses. Here, negative
values near -1 are rare and their interpretation might be challenging, but can be less
concerning as they do not indicate unblinding. For interpretation, an ad-Aoc cutoff of 0.2 for
blinding index has been used: >0.2 indicates more (excessive) correct guesses beyond
chance; between —0.2 and 0.2 random guess; and <—0.2 more opposite guesses beyond
chance.26:38.42 Additionally, we adopt ‘summed blinding indexes’ as a summary measure to
detect severe imbalance in the same guess between two arms because not all correct guesses
are undesirable—namely, “wishful thinking” is a common psychological phenomenon and

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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indeed ideal blinding in RCTs, in which both parties tend to believe they received active
treatment, results in summed blinding indexes=0.26.38.43-46

Regarding treatment effect, effect size was computed using (modified) Cohen-d'for both
within- and between-arm; within-arm effect size= (Meanpre—Meanpost)/\/((SDpre2

+SDpost?)/2), and between-arm effect size=within-verum effect size—within-sham effect
i-a 47,48
size.*!

We computed Spearman correlation between blinding index and effect size values (within
verum, within sham, between them) along with locally-weighted scatterplot smoothing
(loess) fit to characterize nonlinear relationships between blinding index and effect size. We
summarized blinding index and effect size by treatment modality, blinding index in
caterpillar plots, and computed the ‘pooled blinding index’ with 95% confidence interval
(C1) overall and by modality, via generalized estimating equations (GEE).4°

We repeated the entire analyses for secondary outcomes. Multiple regression was fitted via
GEE with effect size as a dependent variable and study characteristics (i.e., modality, year of
publication, sample size, primary vs. secondary outcome) as independent variables. For
sensitivity analyses, we did the following: 1) Pearson in place of Spearman; 2) blinding
index under different statistical models:#9 3) blinding index from 2x2 and 2x3 formats
separately;*9 4) investigators’ blinding data instead for patients’ (10 outcomes from 5 trials,
with primary and secondary outcomes combined); and 5) exclude outliers in effect sizes
(i.e., >2 for within or between). These analyses are reported with methods used for data
processing/standardization in the supplemental material.

Finally, based on a reviewer’s suggestion, we repeated our primary analysis with closely
matching the timepoints of blinding assessment and outcome. Given that beliefs about group
allocation can change over time,® analyses with primary outcomes might not capture the
hypothesized mechanism: whether participant belief about their allocation (at that moment)
influences clinical effects of the treatment. This could be important for self-reported
outcomes because belief about group allocation could influence self-reported pain. SAS 9.4
and R were used for data analyses.

Results

Data search

Based on our search criteria, 1,643 articles published from 2000-13 were found via
OvidMedline and PubMed when two authors conducted initial searches in 2013-14. After
screening abstracts, 587 articles were found to potentially meet inclusion criteria. Of these,
22 included data on participant guesses of treatment allocation. OvidMedline and PubMed
resulted in the same set of trials finally selected. One additional study was identified from a
treatment guideline paper. In 2019, two authors independently resumed the project, and
found 11 studies out of 296 candidates in 2014-19 with PubMed. Additionally, 6 studies in
2000-13 were identified in 2019 through checking systematic reviews and meta-analyses
and contacting some trialists. For 2000-19, a total of 40 studies representing 3,899
participants were identified and included in analyses; see Figure S1 & Supplement.

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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Regarding modality, there were 10 acupuncture, 8 medication, 9 PT/Chiro, and 13 procedure
studies. All 40 trials had primary pain outcomes data and 39 had data for secondary
outcomes. Mean/median of sample size were 97/63, with the range of min=15 and max=692.

Blinding index values

Blinding index values for the 40 studies are displayed in caterpillar plots with study-specific
95% Cls for within-arm and between-arm analyses; see Table 1 & Figure S2. Blinding index
showed a mean of 0.26 (95% ClI: 0.12, 0.41) for verum, and of 0.01 (95% CI: -0.11, 0.14)
for sham. This indicates 26% of participants allocated to the verum group thought they
received active treatment, while only 1% allocated to sham thought they received sham
treatment, beyond chance. These phenomena may be interpreted as “excessive correct
guess” in verum and “random guess” in sham.#4 Summed blinding indexes showed the range
of (-0.19, 1.34), away from “wishful thinking” of value 0, implying that less ideal blinding
scenarios were common.

Effect size and its correlation with blinding index

Effect size showed a range of (-0.35, 3.1) within sham, (0, 4.7) within verum, and (-1.0,
2.9) between arms—there was a large effect size within each arm, where 0.5 is regarded as
‘medium’ and >0.8 as ‘large’.4” Associations between blinding index and effect size was
analyzed: 1) within verum; 2) within sham; and 3) between arms. Resulting correlations
were: 0.31 (p=0.05) within verum; —0.21 (p=0.19) within sham; and 0.35 (p=0.03) between
arms from 40 trials/observations. Thus, positive correlation within verum, negative
correlation within sham, and positive correlation between-arms were observed, also
confirmed by loess, suggesting that greater belief of receiving active treatment in either arm,
or larger imbalance in same guess between arms, was associated with larger effect sizes.
Conversely, ‘random guess’ (blinding index~0 for sham and verum) and ‘wishful thinking’
(summed blinding indexes~0) showed smaller effect sizes, as demonstrated in Figures 1-3.

Blinding index and effect size by modality

Table 1 presents the analyses by modality. Regarding effect size, largest within-arm effect
sizes were seen in acupuncture studies (mean/median=1.59/1.47 within verum; 1.22/1.31
within sham; 0.37/0.16 between arms). In all modalities, there were moderate to large
within-arm effect sizes (=0.5) for sham, indicating substantial sham/placebo effect,
contributing to low between-arm effect size (<0.25 in median). Medication trials showed
lowest blinding index values for verum (<0.1) and largest for sham (>0.2), possibly due to
low efficacy in verum and sham, contrary to our original hypothesis. In sham, PT/Chiro and
procedure studies showed blinding index~0, somewhat surprising, but with the widest 95%
Cl of (-0.53 to 0.53), possibly due to high heterogeneity/diversity in modalities. When we
checked summed blinding indexes, PT/Chiro yielded largest value=0.62, farthest away from
the “wishful thinking” scenario.

Secondary and sensitivity analyses

First, three regression models using effect size (within verum, within sham, between them)
as a dependent variable, and log(sample size), year of publication, outcome type (primary

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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vs. secondary) and modality as covariates with n=79 observations (40 primary and 39
secondary outcomes) are presented. Year was not statistically significant in all 3 models
(p=0.4), while studies with larger enrollment showed larger effect size in sham (p=0.01),
perhaps partly explained by ‘small-study effects” documented in meta-analyses.*8 Second,
between-arm effect sizes tended to be low, with PT/Chiro largest and medication smallest
(~0) with broadly overlapping Cls; see Tables S2-S3 & Figure S3 in the supplemental
material.

Third, correlation analyses with secondary outcomes or Pearson correlation demonstrated
qualitatively similar trends in direction of association between blinding index and effect size,
although correlations were attenuated in between-arm analyses, as seen in Figure S4. Figure
S5 shows correlations among blinding indexes, when studies were paired. Negative
correlation between blinding indexes for sham and verum (correlation=-0.52, p=0.0005)
might support the common “wishful thinking” scenario. Fourth, when we excluded outliers
in effect size (2 acupunctures in primary and secondary outcomes, 1 procedure in primary
outcome, and 1 PT/Chiro in secondary outcome), results were attenuated, while main
findings were mostly unchanged; some results in Figure S3 & Table S3. When blinding
index was computed with different statistical models*® or data structures, main findings were
similar, although 2x3 data yielded attenuation?”:3049 (Table S4).

Intriguingly, investigators’ blinding data showed larger correlations in magnitude, e.g., —0.67
(p=0.034) and 0.53 (p=0.045) in the small subset, which might imply investigators’ correct
guess was associated with larger effect sizes, compared to the patients’ counterpart; see
Figure S6. Finally, when we repeated the analyses with closely matching the timepoints of
blinding assessment and outcome, we found qualitatively consistent results despite reduced
statistical significance, similar trends to results for secondary outcomes (Figure S7).

Discussion

Previous reviews reported that a small percent of RCTs (2-8% in different fields) provided
some evidence on blinding success.22:27:50.51 Among studies that asked participants to guess
treatment allocation included in our review, the pooled blinding indexes indicate participants
in active treatment groups had a greater proportion of correct guesses beyond chance, while
those in sham groups overall had random guessing, which may imply successful
implementation of sham treatment. This may be promising because historically non-
pharmacological interventions (such as PT/Chiro, acupuncture, interventional procedures)
were perceived very difficult to blind.2! Yet, we argue if real PT/Chiro is difficult to blind,
then sham PT/Chiro should be difficult to blind as well. Therefore, potentially successful
blinding of sham in PT/Chiro (blinding index for sham=0, indicating perfect balance but
least precise estimate, which we could not figure out) and procedure trials warrants more
discussion. Despite these results, PT/Chiro showed least desirable blinding performance
when we considered the final between-arm comparison (largest summed blinding indexes).
Contrary to our hypothesis, medication studies—perceived to be easiest to blind—did not show
best blinding performance, along with lowest effect sizes, which might be related to the
complex nature of back pain, including psychosocial and structural components which may
not be amenable to medications.>2

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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In associations between blinding indexes and effect sizes, we observed that a stronger belief
in receiving active treatment was associated with larger within-arm effect sizes in both arms.
In between-arm comparison, an excess of correct or imbalanced guess (far away from
‘wishful thinking”) was associated with a larger between-arm effect size. Conversely, more
ideal blinding scenarios (‘random guess’ or ‘wishful thinking’, mathematically speaking,
allocation and guess are independent) showed smaller effect sizes.#34° These findings
should be validated in future. Bi-directionality in cause-and-effect is likely, say, large
treatment effect causing unblinding or small effect preventing unblinding.

When we reviewed previous comparable meta-analyses, Braithwaite et al. observed no
evidence of a moderating effect of blinding index on pain in <30 dry needling trials
(reporting summed blinding indexes of —0.2 to 0.5; blinding index of 0.37/-0.26 in verum/
sham),26:38 whereas Colagiuri et al.2” found some moderators associated with worse
blinding outcomes in 23 pharmacological trials for chronic pain (blinding index of —0.71 to
0.87 in verum vs. —0.64 to 0.32 in sham). Moroz et al.23 reported blinding index of
0.34/-0.2 for verum/sham and the most common blinding scenario was that participants
believed they received verum regardless of the treatment received in 54 acupuncture trials,
namely, wishful thinking—similar to our subgroup analysis and Braithwaite et al.’s finding in
comparable treatments. In contrast, Freed et al. and Baethge et al.242549 showed the overall
blinding in 40 psychiatric trials is summarized as Random—-Random (blinding index of
0.14/0.0 in verum/sham), and reported positive correlation between effect size and correct
guesses.

We acknowledge limitations. First, with our not-state-of-art search skills and methods used
(e.g., two time-periods, less uniform and systematic, not using specialized terminologies)
and relatively low number of trials, our review may not be representative of entire back pain
trials, introducing substantial selection bias. We may have missed studies, relying on manual
screening and skimming/scanning of entire papers written in English identified by PubMed.
The number of the trials we identified, however, is not very different from blinding index-
based meta-analyses cited above. Language bias (non-English) and unsearchable fife
drawers may be a larger issue (aka, elephant in the room), beyond the scope of our study and
capacity.>354 Although we tried to be as prospective as possible (e.g., statistical analysis
protocol determined before screening/data extraction in period 1, which can be viewed as a
strength), we could not achieve that goal fully (e.g., two periods; protocol registration
attempted after period 1, and evolving statistical methodologies); we explained our own
experiences about registration, prespecification and deviations in the supplemental material
for interested readers. Prospective methods are nowadays recommended standard practice in
pain-related research to maximize transparency.>® Also, there is more scrutiny in some
modalities than others, thus having more motivation in assessment and reporting of blinding
data.>6

Second, limitations on data available/used were unavoidable; for instance, participant
blinding was studied more rigorously in our primary analysis, because of only 5 studies with
clinician/investigator blinding data—must be less feasible or attempted in practice. Most
studies reported blinding data at only one timepoint. Some pros and cons of single vs.
repeated assessments have been discussed.1544

Clin Trials. Author manuscript; available in PMC 2021 June 03.
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Third, limitations on statistical measures should be noted. Blinding index serves as a
numerical ‘proxy’ measure of potential unblinding v7s a vis an excessive proportion of
correct guesses; correct guess is not always undesirable because it can reflect noticeable
therapeutic effects or hard-to-avoid adverse events, or natural psychological phenomenon,
“wishful thinking”. Also, RCT papers with continuous outcomes rarely report “correlation of
pre and post outcomes’ or “‘SD of their difference’, which is needed to compute correct
effect size; we hope trialists will report one of these quantities routinely for future meta-
analyses. And we could not address causality or directionality, or provide meaningful
insight.

Fourth, we did not assess quality/risk of bias although we provided some rationale. A
custom risk of bias assessment to capture biases may provide useful information. For
example, selective reporting bias—if successful blinding leads to smaller effect sizes for
clinical outcomes, and outcomes with smaller effect sizes are less likely to be reported, then
pooled effect size may be exaggerated. Blinding of other key parties (e.g. outcome assessors,
clinicians) could also influence results; if participants were successfully blinded, but
blinding status of other parties was unclear, this might weaken the relationship between
effect size and blinding index because both variables could be moderated by other sources of
bias. Future investigations could explore these issues or follow good examples of tailored
bias assessments related to blinding.26:38

Notwithstanding, our study provides a review for two decades of literature and presents
some interesting or unique findings. First, the notion of a blinded sham control in back pain
appears feasible in non-pharmacologic treatments such as acupuncture, PT/Chiro and
procedure. Interestingly or counterintuitively, they performed better than medications in
terms of blinding, but we are unable to provide explanation(s). This is particularly important
in the practice of back pain RCT because sham treatments demonstrated uniformly high
within-arm effects. If real/active treatment is too difficult to blind, trialists should aim at
creating active control or strong placebo effect, i.e., aiming at summed blinding indexes=0,
instead of blinding index=0 for sham. Our finding may add more support to accumulating
evidence toward potential benefits of placebo and sham treatments with complexity in
research and clinical contexts/settings.>7+%8

Second, our study conveys some methodologic strengths: back pain is an ideal medical
condition to study our aims because multiple treatment modalities are available, which made
a comparative review possible. Third, we used standardized and validated metrics for
quantifying the blinding (blinding index) and treatment effects (effect sizes). This contrasts
with many previous reviews based on self-designation (especially in title) or authors/
reviewers’ subjective assessments of blinding success, or meta-epidemiological approaches;
thus, without actual guess data.>%-61 Additionally, we checked internal consistency by
analyzing primary and secondary outcomes, and matching timepoints for blinding and
clinical data. To our knowledge, our study is the first study of its kind based on raw blinding/
guess data from back pain trials with multi-modalities.

Finally, we may have validated some historical or conventional beliefs, such as blinding can
exert greater influence on subjective outcomes such as pain, and a stronger belief of
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receiving an active treatment (e.g., placebo effect) can show larger (within-group) treatment
effects. Our findings may have implications on increasingly popular patient-reported
outcomes research, device trials (e.g., digital health) and adapted designs (with advanced
Bayesian analyses), in which subjective outcomes, self-reports and difficult or loosened
blinding are common. With ignored/waived blinding (which will reduce the cost of trial
design and operation, and make trialists’ lives easier) and substantial sham effect, many
treatments ineffective or with exaggerated effects could be unduly approved or widely used
in practice (which may incur higher price to patients and society).62-70

Conclusion

Our study showed more correct guess about treatment received is associated with larger
treatment effects in back pain trials. The main advantage of blinding assessment is an easy
implementation in practice (minimally, one simple question once or twice), and the main
disadvantages are still extra work involved and difficulty in interpretation (bi-directionality).
Future meta-analyses could facilitate evaluation and interpretation—hopefully with more
collection of blinding data (in a voluntary manner) and reporting—not only on treatment
effect, but also for blinding itself toward the quality assurance and reliability of RCT
evidence.16
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Figure 1. Blinding Index and Effect Size: within Active Arm
Regression fit was done by loess fit, in 40 trials.

Spearman correlation coefficient is 0.31 (p=0.05).

ESv, wihn: effect size within active arm (Y-axis); Bly.: blinding index in active (X-axis).
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Figure 2. Blinding Index and Effect Size: within Sham Arm
Regression fit was done by loess fit, in 40 trials.

Spearman correlation coefficient is —0.21 (p=0.19).
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ESs, wthn: effect size within sham arm (Y-axis); Bls: blinding index in sham (X-axis).
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Figure 3. Blinding Index and Effect Size: between Active and Sham Arms
Regression fit was done by loess fit, in 40 trials.

Spearman correlation coefficient is 0.35 (p=0.03).
When we excluded 3 outliers (with ES>2), 0.35 (p=0.03) was unchanged.
ESpwn: effect size between active and sham arms (Y-axis); Blgym=Bly+Blg (X-axis).
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Blinding index Mean (95% confidence interval)

Effect size Mean/Median

Modality (n=number of trials) Active arm Sham arm sum” | Activearm | Shamarm | Between arms

Acupuncture (n=10) 0.25 (-0.10, 0.60) | -0.09 (-0.40,0.21) | 0.13 | 1.59/1.47 | 1.22/1.31 0.37/0.16
(Me%i)cation (oral/topical/intravenous) 0.09 (-0.14, 0.32) 0.24 (0.07, 0.41) 0.32 0.76/0.88 0.57/0.65 0.19/0.23
n=

Physical & Chiropractic Therapy (n=9) | 0.62(0.38,0.86) | 0.00(-0.53,053) | 062 | 0.95/0.75 | 0.63/0.46 0.32/0.24
Procedure (n=13) 0.18 (0.01,0.35) | -0.01(-0.19,0.18) | 0.17 0.98/0.93 0.75/0.62 0.23/0.14
Overall (n=40) 0.26 (0.12, 0.41) 0.01(-0.11, 0.14) 0.27 1.14/1.00 0.85/0.74 0.29/0.20

*
Summed blinding indexes.

Confidence interval was estimated via Generalized Estimating Equations (GEE) with working independence correlation (Landsman et al. 2019).

Effect size weighted by sample size.

Blinding index (range in —1 to 1) can be interpreted as the proportion of correct guess within a given arm beyond chance: 0 means “random guess”
(50:50 or perfect balance); >0 means more correct guesses; and <0 means more incorrect/opposite guesses.

Summed blinding indexes measure the difference in proportions in the same guess. ‘Sum=0" means an equal proportion of participants in both arms
believed they received active treatment (or sham), so called “wishful thinking” (or “negative thinking” for sham, which is rare); ‘Sum>0" means
more participants in active treatment arm believed they received active treatment, compared to those in sham arm who believed they received active

treatment.

Value of 0 for 1) both blinding indexes for active and sham, or 2) summed blinding indexes is the two most ideal blinding scenarios, implying
‘random guess’ or ‘wishful thinking’, respectively. Effect size may be interpreted with Cohen’s d; 0.2 small; 0.5 medium; >0.8 large as a rule of

thumb.

See Table S3 for effect size calculations after excluding 3 studies with very large effect size (>2), which are 2 acupuncture and 1 procedure trials.
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