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Poor quality patient reported outcome measures bias effect estimates in
orthopaedic randomized studies
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Abstract
Objectives: The objective was to assess the potential for biased treatment effects associated with patient-reported outcome measures
(PROMs) of varying psychometric quality in randomized clinical trials (RCTs) for rotator cuff disease (RCD).

Study Design and Setting: We searched for RCTs published in the past 5 years (January 2011 to December 2016) in the top five 2015
impact factor orthopedic journals. We accepted RCTs including human participants with RCD, published in English, and using PROMs
specific to RCD. We extracted data on study design, sample size, risk of bias for RCTs, quality of PROM used, estimates of effect, and
associated measures of variance. PROMs were given numerical ratings of psychometric quality from a prior publication. Continuous mea-
sures of effect were transformed by dividing the effect estimate by the standard deviation. Multilevel linear regression analyses were per-
formed to determine whether PROM quality was associated with the magnitude of effect.

Results: Overall, we included 72 RCTs reporting 174 separate outcomes. Mean sample size was 66.8 (95% CI 62.30 to 71.27), mean
risk of bias score across all studies was 7.00/10 (95% CI 6.72 to 7.29), psychometric quality summary scores ranged from �2 to 10, and the
standardized mean effect estimate was 0.47 (95% CI �0.17 to 1.11). Regression revealed that higher-quality PROMs had smaller estimates
of effect (b 5 �0.32; 95% CI �0.51 to �0.13; P 5 0.001). We also found that a longer follow-up period predicted slightly increased effect
estimates (b 5 0.08; 95% CI 0.02 to 0.13; P 5 0.007).

Conclusions: PROMs with poor or unknown psychometric properties overestimate treatment effects in clinical research of RCD by
68.4% (b �0.32/standardized mean effect 0.47). To our knowledge, this is the first empirical evidence that variations in the quality of
PROMs bias treatment effect estimates. Researchers and clinicians using data from PROMs must be cautious to explore the quality of that
measure so as to not mislead decision-making resulting from biased outcomes. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Patient-reported outcome measures (PROMs) provide
self-reported, subjective data from the patients themselves,
without interpretation by clinicians or others, and their use
has increased [1e6]. There are, however, a wide array of
heterogeneous PROMs used in clinical research, and evi-
dence is mounting that many of these measures have poor
or unknown psychometric properties [7e16]. The lack of
psychometric evidence for PROMs used in clinical research
calls into question the data derived from these outcome
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measures and any decision-making based on such findings.
The purpose of this study was to assess how varying PROM
quality influences treatment effect estimates in randomized
trials of patients with rotator cuff disease (RCD) and
secondarily to identify variables that modify this
relationship.
2. Methods

This study involved five steps [17e21]:

1. Identification of PROMs used in RCD and assess their
psychometric properties.

2. Identification of a sample of randomized trials among
patients with RCD using PROMs in step 1.

3. Data extraction.
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Table 1. Mixed effects linear regression: final model

Covariate Beta coefficient (95% CI) P-value

Psychometric summary score �0.32 (�0.52 to �0.12) 0.002

Follow-up (mo) 0.08 (0.02 to 0.13) 0.007
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What is new?

Key findings
� PROMs with poor or unknown psychometric

properties overestimate treatment effects in clinical
research of rotator cuff disease by 68.4% (b �0.32/
standardized mean effect 0.47).

What this adds to what was known?
� To our knowledge, this is the first empirical evi-

dence that variations in the quality of PROMs bias
treatment effect estimates.

What is the implication and what should change
now?
� Researchers and clinicians using data from PROMs

must be cautious to explore the quality of that mea-
sure so as to not mislead decision-making resulting
from biased outcomes.
4. Risk of bias assessment.
5. Statistical analyses: Mixed effects linear regression

with elimination and a sensitivity analysis. STATA/
MP 14.2 was used.
3. Results

A total of 72 randomized clinical trials (71 with multiple
outcomes) reporting 174 separate outcomes were included.
The mean sample size was 66.8 (95% CI 62.30 to 71.27),
mean risk of bias score was 7.00/10 (95% CI 6.72 to
7.29), and mean follow-up was 9.7 months (95% CI 7.6
to 11.7). Fig. 1 shows a scatterplot and line of best fit for
the standardized treatment effect estimate for each PROM
psychometric summary score value.
. 1. Scatterplot for treatment effect estimates by psychometric
mary score.
Following the step-wise elimination procedure, only two
variables remained in the final model (see Table 1)d
psychometric summary score and follow-up months
(N 5 174 [adjusted for 71 clusters]; Model
P-value! 0.0001). The ratio of the psychometric summary
score influence on the standardized mean effect estimate
was �0.582 (�0.32/0.47)dmeaning, with each 1-point in-
crease in psychometric summary score, the effect estimate
decreased by 68.4%, after controlling for the follow-up
period. In the sensitivity analysis, adjusting for a lack of re-
porting had no influence on the findings.
4. Discussion

We found that in randomized trials among patients with
RCD using PROMs, the effect estimates were exaggerated
on average by 68.4% among PROMs with poor or unknown
psychometric properties. Specifically, with each one-unit
increase in the quality of the PROM, the treatment effect
estimates decrease by 0.32 units, which can change the
summary score from a large-effect to a moderate-effect size
or from a moderate-effect to a small-effect size. That is,
PROMs with questionable psychometric properties signifi-
cantly bias (i.e., inflate) the estimates of treatment effect.
To our knowledge, this is the first empirical evidence that
variations in the psychometric properties of disease-
specific PROMs bias treatment effect estimates in clinical
research.
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