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ABSTRACT

Objectives: To empirically compare the discriminant capacities of three 

outcome measurement instruments for assessment of physical functioning for 

psoriatic arthritis (PsA): HAQ-DI, SF36-PF and SF36-PCS.

Methods: We applied a network meta-analysis technique in a sample of 

randomized trials (RCTs) for PsA. For randomized comparison, we calculated 

net effect size estimates for each outcome measurement instrument using 

standardized mean differences (SMDs); positive values indicated a beneficial 

effect of the intervention compared to the control groups. We analyzed the 

differences between outcome measurement instruments at the trial level by 

applying a multiple-treatment meta-analysis to compare the SMDs within and 

across randomized comparisons for each outcome measurement instrument.

Results: From 42 articles (31 RCTs), 57, 18, and 18 randomized comparisons 

enabled a direct comparison between HAQ-DI and SF36-PCS (difference in 

SMDs: 0.057, 95% confidence interval, CI: 0.003 to 0.110),  SF36-PF and SF36-

PCS  (difference in SMDs: 0.101, 95% CI: 0.018 to 0.184); and  HAQ-DI and 

SF36-PF (difference in SMDs: -0.059, 95% CI: -0.142 to 0.024), respectively. The

network meta-analysis technique confirmed that both HAQ-DI and SF36-PF 

were more responsive to change than SF36-PCS, with differences between 

SMDs of 0.057 (95% CI: 0.003 to 0.110) and 0.109 (95% CI: 0.032 to 0.185), 

respectively. No difference in discriminatory capacity between HAQ-DI and 

SF36-PF was noted.

Conclusions: HAQ-DI and SF-36-PF were equally responsive to change and 

superior to SF36-PCS in PsA RCTs. We illustrated a new method for quantitative

comparison of the performance of different outcome measurement instruments

for a particular domain.

Systematic review registration number: Registered on PROSPERO: 

CRD42019129557
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INTRODUCTION

When selecting an outcome measurement instrument for a randomized 

controlled trial (RCT), evidence is needed to ensure that the instrument will be 

capable of truthfully measuring change, i.e., responsiveness. More importantly,

it should be able to distinguish the change in one treatment arm (assuming the

treatment works) relative to the change in a comparator arm. Most recently, 

RCTs for psoriatic arthritis (PsA) include an active comparator (in addition to 

placebo) to the new intervention, often head-to-head against an approved 

biological (b-) disease modifying antirheumatic drug (DMARD), such as a TNF 

inhibitor (TNFi). These RCTs require the outcome measurement instruments to 

have even better discriminatory capacity such that an experimental 

intervention could demonstrate superiority not only against placebo 

comparator but also an active comparator. Building an argument that the 

scores of a given outcome measurement instrument can make that distinction 

in the target population is essential in instrument selection for trials.

Ideally, all candidate outcome measurement instruments would be studied 

simultaneously in RCTs evaluating the same target populations and 

interventions, particularly for those in the core domain set 1. However, that is 

neither practical nor feasible. As a result, tradition and common practice often 

drive the instrument selection. Another issue is that when seeking evidence for 

clinical trial performance of an outcome measurement instrument, there is 

often no indication of what was expected in that trial for a “good” or “perfect” 

outcome measurement instrument evaluating a domain. If the trial’s 

experimental intervention(s) did not demonstrate superiority over the 

comparator group in a domain of interest utilizing the outcome measurement 

instrument, it is uncertain if the outcome measurement instrument was not 

sensitive enough or if it actually performed as intended to show the lack of 

difference in efficacy of the intervention.
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PsA is a chronic inflammatory disease involving peripheral arthritis, enthesitis, 

dactylitis, axial involvement, psoriasis, and nail disease. It has a profound 

impact on the psychological, social, and physical well-being of the affected  

people 2. Physical functioning is a key concern from both patients’ and doctors’ 

perspectives, and it is recognized as one of the core domains to be measured 

in every RCT and longitudinal observational studies 1,3. There have been several

patient-reported outcome measurement instrument that assess physical 

functioning in PsA 4, with the most commonly used in PsA RCTs being the 

Health Assessment Questionnaire Disability Index (HAQ-DI) 5 and the physical 

functioning domain within the Medical Outcomes Study 36-item Short Form 

Survey (SF36-PF) 6. The SF-36 physical component summary score (SF36-PCS) 

also has been commonly reported in RCTs but does not match the physical 

function domain well 7. The GRAPPA community has prioritized 6 outcome 

measurement instruments for physical functioning 7. Using a qualitative 

synthesis based on a rigorous systematic review protocol evaluating outcome 

measurement instrument in PsA, we concluded that clinical trial discrimination 

was supported for HAQ-DI and SF36-PCS in PsA with a low risk of bias. In 

contrast, the SF36-PF was supported but with some concerns due to fewer 

available trials reporting data 6. As part of the concerted effort of the Group for 

Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) - 

Outcome Measures in Rheumatology (OMERACT) initiative to standardize the 

outcome measurement set for PsA 8, two outcome measurement instruments, 

namely the HAQ-DI and SF36-PF were provisionally endorsed by both GRAPPA 

and OMERACT organizations 9,10. A research agenda was set to evaluate the 

clinical trial discrimination of these instruments quantitatively. Therefore, in 

this study, we aimed to quantitatively compare the sensitivity of these three 

outcome measurement instruments via a network meta-analysis in a 

representative sample of RCTs for PsA. 
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METHODS

Literature search and eligibility of articles

We used the data from our previous systematic review through 21 March 2019 

using PubMed and Scopus 6, registered with the International Prospective 

Register of Systematic Reviews (PROSPERO) prior to initiation 

(CRD42019129557). The search aimed to identify all original full-text articles of

RCTs conducted in PsA with published data in the English language. We 

conducted an update using the PubMed search terms on 28 March 2022 to 

identify new RCTs published since the last search date. The reporting of this 

systematic review adhered to the Preferred Reporting Items for Systematic 

reviews and Meta-Analysis (PRISMA) Statement 11.

Study selection

The eligibility criteria were published previously 6, and applied in the updated 

search. In brief, we included articles on RCTs conducted in PsA only if they 

reported results on any two out of the three outcome measurement 

instruments. If the RCT was conducted in a mixed arthritis population, we only 

included those with separate subgroup analyses for PsA. To reduce the possible

risk of performance bias interfering with the outcome measurement 

instruments assessments, we excluded RCTs that did not apply a “double-

blind” study design. We also limited the review to RCTs involving b-DMARDs 

and targeted synthetic (ts-) DMARDs. For RCTs with multiple publications, only 

one article from each unique RCT was included unless a publication provided 

new information, such as a subgroup analysis. The same researcher (YYL) 

conducted the initial and updated search and removed duplicates from the 

searches from two databases. The same researchers (YYL, RH) independently 

screened the titles, abstracts, and full text (if appropriate) for eligibility in all 

searches. Disputes were resolved by consensus.

Quality Assessment of included studies
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We assessed the clinical trial discrimination of each outcome measurement 

instrument in each article using the OMERACT good method checklist 12,13. Two 

researchers worked in pairs (YYL and RH; YYL and AJM; YYL and NG; YYL and 

CL) appraised each instrument in each article. The assessment form is 

illustrated in Supplementary Table 1. The quality of each article was rated in 

traffic light format as Green (good to go) or Amber (some caution, can be used)

indicating good methods, Red indicating a high risk of bias and White as no 

data. Only studies that passed the Good Methods Check (ie. Green or Amber 

ratings) were included for data synthesis.

Extraction of data and data synthesis

Researchers collaborated in pairs (YYL and RH; YYL and AJM; YYL and NG; YYL 

and CL) to independently extract data for the three outcome measurement 

instruments at baseline and at the primary endpoint assessment (or end of the 

blinded controlled trial period) using a standardized format. Any discrepancies 

between researcher pairs were resolved through consensus. We only included 

articles that had data for at least two of the candidate outcome measurement 

instruments. The values measured by the outcome measurement instruments 

were standardized in two steps. The first step was to ensure that the direction 

of the scales did not differ between outcome measurement instruments. This 

was done by inversing the HAQ-DI scores, so a positive mean difference in 

HAQ-DI meant that the intervention group had better health than the 

comparison group, like SF36-PCS and SF36-PF. The second step was to 

calculate the Standardized Mean Difference (SMD, the ratio of the treatment 

difference to the pooled standard deviation of the mean change scores) for all 

outcome measurement instruments. This ensured comparability between 

outcome measurement instruments.

To compare the true performance of the outcome measurement instruments, a

reference arm was assigned within each trial for comparison with the active 

intervention. For three - group - trials evaluating the efficacy of a b-DMARD 

against both placebo and TNFi included as comparison arms, the TNFi was also 
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assigned as an intervention arm, and the placebo was assigned as the 

reference arm. For trials comparing a combination of therapies versus a single 

agent 14, the monotherapy arm was assigned as the reference arm. For head-

to-head studies comparing a new b- or ts-DMARD compared to TNFi with no 

placebo arm 15, TNFi was assigned as the reference arm. The details of the 

assignment of intervention and reference for each trial are shown in 

Supplementary Table 2. RCTs including two or more doses of the experimental 

intervention against one reference arm were treated as individual comparisons 

and presented as two (or more) rows with unique trial identifiers in a forest 

plot, one for each dose relative to the reference. In RCTs with two or more 

experimental interventions, the number of participants in the reference arm 

was divided by the number of active arms, treating each as an independent 

estimate. This approach was employed to avoid double-counting of patients 

and resulted in larger standard errors leading to more conservative precision 

estimates.

The pooled difference between intervention and comparison groups, expressed

in SMDs with 95% confidence intervals (CIs), was presented in a forest plot for 

each outcome measurement instrument. Between-study inconsistency was 

assessed using the I2 statistic, describing the percentage of total variation 

across trials attributable to heterogeneity rather than to chance for each 

outcome measurement instrument 16. Within the framework of mixed effects 

models, we employed randomized comparisons as random effects by default, 

while trial identifiers and the name(s) of the outcome measurement 

instruments were applied as fixed-effect factors.

Network Meta-Analysis 

To evaluate the relative responsiveness of the outcome measurement 

instruments, we applied a multiple-treatment meta-analyses approach, treating

each outcome measurement instrument as an intervention and the difference 

in SMDs between outcome measurement instruments as the relative effect of 

one treatment over another. The analytical approach was a frequentist network
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meta-analysis, with the network comprising all three outcome measurement 

instruments. The analysis results consisted of both direct and indirect evidence

for relative responsiveness between outcome measurement instruments. The 

direct evidence stemmed from the available data, which was depicted in the 

forest plot, and the indirect evidence was estimated by mathematical 

combinations of the direct comparisons whenever a direct comparison of 

outcome measurement instruments was not available. Thus, the result of the 

network meta-analysis consisted of the combined direct and indirect evidence. 

Consistency of the network was assessed by the Tau2 and the I2. Consistency of

the results was further assessed by presenting the direct evidence alongside 

the combined Network Meta-Analysis estimates. All estimates were derived 

from frequentist random-effects models and reported with 95% confidence 

intervals.

During peer review, a concern was raised about the lack of exploration of 

publication bias. Although this is not a standard intervention review, we 

explored publication bias using a funnel plot. All statistical analyses were 

performed using the statistical software SAS Studio and R V.3.2.3 (R 

Foundation for Statistical Computing) with the packages ‘meta’ and ‘metafor’.

RESULTS

We identified 77 new articles from the updated search and five from cross-

reference checks of which 20 fulfilled the eligibility criteria. Together with the 

33 articles from the previous search, 53 articles were included for data 

extraction. Eleven articles were excluded for not having data for at least two 

outcome measurement instruments. Finally, 42 articles from 31 RCTs were 

included in this analysis (Figure 1). The characteristics of the included studies 

and their study population are summarized in Supplementary Table 2. Quality 

assessments for clinical trial discrimination for each article were conducted 

using the OMERACT Good Method Checklist for RCT discrimination, and results 

are shown as Green, Amber, Red or White (Supplementary Table 2).
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Figure 2 highlights the direct – head-to-head - comparisons  available from the 

data with partially empty plots across trial comparisons indicating less 

frequently used or reported measures in the literature. There were 57 

randomized comparisons that facilitated a direct comparison between HAQ-DI 

and SF36-PCS, 18 comparisons enabling a direct comparison between SF36-PF 

and SF36-PCS, and 18 comparisons allowing a direct comparison between HAQ-

DI and SF36-PF. Figure 2 also shows the results of an individual meta-analysis 

for the three outcome measurement instruments, highlighting the treatment 

effect of each outcome measurement instrument in each study. The pooled 

SMDs for HAQ-DI, SF36-PCS score and SF36-PF domain were 0.444 (95% 

CI:0.383 to 0.504), 0.498 (95% CI: 0.437 to 0.559) and 0.393 (95% CI:0.314 to 

0.473), respectively. 

The results from the network meta-analysis showed that both SF36-PF and 

HAQ-DI were more responsive to change than SF36-PCS score, with a 

difference of 0.109 (95% CI: 0.032 to 0.185) and 0.057 (95% CI:0.003 to 

0.110), respectively (Table 1). The findings suggested no difference in 

discriminatory capacity between HAQ-DI and SF36-PF, with a difference of -

0.052 (95% CI: -0.128 to 0.024). The direct evidence of the network meta-

analysis confirmed the robustness of the results with a difference between 

HAQ-DI and SF36-PCS  of 0.057 (95% CI: 0.003 to 0.110) in favor of HAQ-DI, a 

difference between SF36-PF domain and SF36-PCS of 0.101 (95% CI: 0.018 to 

0.184) in favor of SF36-PF, and no apparent difference between HAQ-DI and 

SF36-PF (difference: -0.059, 95% CI: -0.142 to 0.024). The findings were robust,

as no inconsistency was detected between the direct and network meta-

analysis estimates. The network meta-analysis confirmed that SF36-PF and 

HAQ-DI were more responsive to change than SF36-PCS, and no significant 

difference in discriminatory capacity was observed between HAQ-DI and SF36-

PF. Direct evidence further supported these results, showing consistent 

differences between HAQ-DI, SF36-PF, and SF36-PCS.

In supplementary analyses, we present a comparison-adjusted funnel plot to 

assess potential publication bias or small-study effects in the network meta-
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analysis. The plot displays effect estimates on the x-axis and their standard 

errors on the y-axis, which showed symmetrical distribution for all outcome 

measurement instruments (Supplementary Figure 1), providing indirect support

that the summary estimates are unlikely to be distorted by small-study bias.

DISCUSSION

In this meta-epidemiological study, we employed network meta-analysis 

methods to evaluate the outcome measurement instruments that best 

distinguish interventions from reference comparators in PsA trials. We found 

that both HAQ-DI and SF36-PF were more responsive to change than SF36-PCS.

The network meta-analysis confirmed that SF36-PF and HAQ-DI were more 

responsive to change than SF36-PCS, and no significant difference in 

discriminatory capacity was observed between HAQ-DI and SF36-PF. Direct 

evidence further supported these results, showing consistent differences 

between HAQ-DI, SF36-PF, and SF36-PCS.

Network meta-analyses have been commonly used to compare the relative 

efficacies of drugs or interventions across different RCTs. Nonetheless, this is 

the first attempt to use it to show comparative discrimination of outcome 

measurement instruments across RCTs. The results found from network meta-

analysis were consistent with traditional meta-analysis in evaluation for 

responsiveness of outcome measurement instruments in a representative 

sample of RCTs in PsA, illustrating the robustness of these methods. The 

methods we used here provided a complementary and quantitative comparison

across outcome measurement instruments, in addition to the current OMERACT

filter 2.2 framework that gives a qualitative assessment of RCT discrimination 

of individual outcome measurement instruments 17. The current study bridges 

that gap by providing quantitative comparisons between outcome 

measurement instruments for a domain. It also demonstrated a new method 

that allows comparison of the performance of different outcome measurement 

instruments in a single platform. This informs researchers on choosing an 
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effective outcome measurement instrument to use in clinical trials for a 

particular domain. 

For the physical functioning domain in PsA, both HAQ-DI and SF36-PF were 

shown to have similar performance in RCT discrimination qualitatively 6 and 

were provisionally endorsed 10. Although the current results did not show 

significant differences between these two outcome measurement instruments, 

we showed that HAQ-DI and SF36-PF were superior in responsiveness than 

SF36-PCS. From our previous work, both doctors and patients have concluded 

that SF36-PCS did not match its intended use as an instrument to measure 

physical functioning (lacked domain match)10. Unlike the SF36-PF that is one of 

the eight domains for HRQoL of SF36, the two summary components of SF36, 

namely the SF36-PCS and mental component summary scores should be more 

correctly conceptualized as two components of health related quality of life 18. 

Therefore, SF36-PCS would be considered as part of the measurement of 

HRQoL rather than an outcome measurement instrument of physical 

functioning in PsA despite commonly reported in RCTs for PsA.

The strength of our study is the novelty of utilizing network meta-analysis 

methods to compare the responsiveness of outcome measurement 

instruments. These methods can be used for other outcome measurement 

instruments, not just for the physical functioning instruments utilized in PsA 

RCTs. This analysis paves the way for comparing the relative responsiveness of

outcome measurement instruments in RCTs to facilitate researchers in 

choosing appropriate instruments for a domain. While we have included a 

representative sample of RCTs in the modern standard, we acknowledge that 

articles with inadequate or incomplete data for at least tw0 outcome 

measurement instruments could not be included in the traditional meta-

analysis, and the framework of network meta-analysis has facilitated the 

inclusion of these studies. The results of network meta-analysis were robust 

with demonstrated consistency between the results of the network meta-

analysis and the direct evidence. Although responsiveness of instruments could

be influenced by variability in study population, treatment effects, follow-up 
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durations, our use of standardized differences which served as an internal 

comparison of the instruments’ responsiveness of treatment arm over placebo 

arm within each study, helped to minimize the influence of heterogeneity in the

comparisons. These comparisons for outcome measurement instruments for 

the physical functioning domain for PsA were limited to the three candidates 

we have chosen and not others. This study sought to compare the 

discriminative ability (using standardized means as surrogate) across different 

outcome measurement instruments for physical function, it would not provide 

information on comparison of other measurement properties of these 

instruments. Particularly, it does not provide data on proportion of patients with

improvement more than a certain threshold of meaning such as minimally 

clinically important difference between treatment arms. Finally, the last 

literature search was concluded in 2022. Although we may have missed the 

most recent studies, the included studies span a board range of modern b-/-ts 

DMARDs. Importantly, our focus was on the discriminatory ability of well-

established measures, which are unlikely to be materially impacted by newly 

published studies. Furthermore, the large number of included studies should 

render this analysis of outcome measurement instruments robust.  

In conclusion, the outcome measurement instruments, HAQ-DI and SF36-PF, 

endorsed by GRAPPA and OMERCT to measure the physical functioning domain 

in PsA based on qualitative analysis, have shown similar performance in RCT 

discrimination quantitatively as well. We have illustrated a new method for 

quantitative comparison of the performance of different outcome measurement

instruments for a particular domain.
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Table 1. Comparative responsiveness of all three measures via network meta-

analysis. 

Outcome
measurement

instrument
Comparisons

Network meta-analysis Direct evidence Consistenc
y

Difference 95% CI Difference 95% CI
HAQ-DI vs. SF36-
PCS 

0.057 0.003 to
0.110

0.057 0.003 to
0.110

Yes

HAQ-DI vs. SF36-
PF 

-0.052 -0.128 to
0.024

-0.059 -0.142 to
0.024

Yes

SF36-PF vs. SF36-
PCS 

0.109 0.032 to
0.185

0.101 0.018 to
0.184

Yes

CI: confidence Intervals; HAQ-DI: Health Assessment Questionnaire-Disability Index; SF36-PCS: 
Medical Outcomes Study 36-item Short Form Survey Physical Component Summary; SF36-PF: 
Medical Outcomes Study 36-item Short Form Survey Physical Functioning Domain.
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Table 1. Comparative responsiveness of all three measures via network meta-

analysis. 

Figure 1. PRISMA Flow diagram outlining the process of identifying, screening, 

and including studies in a systematic review or meta-analysis.

Figure 2. Forest plots of the three individual meta-analyses for HAQ-DI, SF36-

PF and SF36-PCS.

Supplementary Table 1. OMERACT Good Method Check List for RCT 
discrimination

Supplementary Table 2. Characteristics and quality assessment of 42 
included articles from 31 RCTs

Supplementary Figure 1. Comparison-adjusted funnel plot for HAQ-DI, SF36-

PF and SF36-PCS.
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