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ABSTRACT
Objective
To evaluate the responsiveness, and concurrent validity of the Musculoskeletal Health Questionnaire (MSK-HQ) in UK primary care patients with common musculoskeletal (MSK) pain presentations.

Methods
A secondary analysis of a primary care pilot randomised trial (STarT MSK) was performed. In 524 people consulting with back, neck, shoulder, knee, or multi-site pain, the following were recorded at 0/6 months: MSK-HQ, EQ-5D-5L, Roland-Morris Disability Questionnaire (RMDQ; back pain), Neck Disability Index (NDI), Shoulder Pain and Disability Index (SPADI), Knee Injury and Outcome Score (KOOS), Short-Form-12 (SF-12; multisite pain). At 6-months, patients self-rated their global change in MSK condition, from -5 (“very much worse”) to +5 (“completely recovered”). Receiver operating characteristic curves evaluated abilities of 6-month changes in each patient reported outcome measure (PROM) to discriminate between patients improving/not improving on global change scores, with Minimal Clinically Important Differences (MCID) calculated.

Results
The MSK-HQ had a good ability to discriminate between MSK pain patients reporting global improvement vs. no improvement (area under the curve [AUC] 0.81; 95% CI 0.78, 0.85). Its discriminative ability was higher than the EQ-5D-5L (AUC 0.68; 95% CI 0.62, 0.73) and similar to site-specific PROMs. The MCID for the 6-month change in MSK-HQ was 5.5. The MSK-HQ had strong correlations with all PROMs, except SF-12 scores.

Conclusion
In primary care patients with common MSK pain presentations, the MSK-HQ was as good as existing pain-site specific PROMs at identifying people reporting global improvements in their MSK condition, and was better than the EQ-5D-5L.

Key Words
Musculoskeletal, patient reported outcome measures, primary care, quality of life.


1. INTRODUCTION
Musculoskeletal (MSK) pain is a major global health problem. Each year, ~14% of UK adults consult in primary care for MSK conditions (1); in Sweden, 24% of adults report chronic regional MSK pain (2); in the USA, 1 in every 2 people report MSK conditions (3); and in middle and low income countries, MSK pain accounts for 19% of all healthy years of life lost due to disability (4). Preventing and managing MSK pain are, therefore, international priorities. 

A crucial barrier to delivering high-quality healthcare to patients with MSK pain is the absence of a standardised approach to assessing clinical outcomes. It is widely agreed that the impacts of MSK pain on patients’ lives are best captured using patient-reported outcome measures (PROMs), often captured through patient-completed questionnaires (5). Despite this, marked variation exists in PROMs used to assess patients with MSK pain, which differ by geography (across regions/countries), clinical setting (primary/secondary care), and MSK pain sites. 

To address this, the UK charity, Versus Arthritis, funded a collaboration between the Universities of Oxford and Keele to develop the Versus Arthritis Musculoskeletal Health Questionnaire (MSK-HQ) (6). A generic MSK PROM was co-produced and designed to measure overall MSK health status in patients with MSK conditions (6). It comprises 14-items, including pain, fatigue, physical function, symptom interference, social activities, sleep, self-efficacy, and psychological well-being. It is anticipated the MSK-HQ will act as a standard PROM across the MSK clinical care pathway, enabling people to report key issues to clinicians, facilitating shared decision-making, and supporting quality improvement (6).

In research to date, the MSK-HQ has been evaluated in patients with MSK pain in two settings. First, in patients with hip, shoulder, and knee pain listed for orthopedic surgery in secondary care (6,7). Second, in patients with a range of MSK problems seen in community physiotherapy clinics (6,7). In these contexts, high completion rates, excellent test-retest reliability, strong convergent validity with existing PROMs, and responsiveness to change were observed. It has not yet been evaluated in people with MSK pain consulting in UK primary care, where the vast majority of NHS MSK-related health contacts occur. Furthermore, its concurrent validity against accepted “reference” standards for MSK pain has not been assessed. Evaluating these issues prior to more widespread use of the MSK-HQ is needed.

We addressed these knowledge gaps, through secondary analysis of the STarT MSK pilot randomised trial, enrolling 524 patients consulting with one of the five commonest MSK pain presentations (low back, neck, shoulder, knee, and multi-site pain) in 8 general practices (8). We evaluated the MSK-HQ’s responsiveness (extent to which it detects changes over time that matter to patients (9)) using patients’ own global assessments of changes in their MSK condition as the reference criterion. This is a widely-used approach in psychometric assessments of MSK outcome measures (10). We also evaluated its concurrent validity (extent to which it correlates with previously validated MSK site-specific reference measures) (11–15).

2. PATIENTS AND METHODS
2.1 Patients
2.1.1 STarT MSK Pilot Randomised Controlled Trial (RCT)
This was conducted in 8 primary care practices. It examined the feasibility of a future main, cluster RCT comparing stratified primary care for patients consulting with one of the five commonest MSK pain presentations, compared with usual care (8). Stratified care comprised: (1) prognostic assessment to allocate patients into low-, medium- or high-risk strata (using the Keele STarT MSK tool (16)); and (2) recommended matched treatment options in each strata.  Four practices were randomised to offer stratified care and four to continue usual care.

2.1.2 Inclusion/Exclusion Criteria
Full details are provided in the trial’s primary publication (8). In brief, patients who were included were ≥18 years old, and registered at a participating practice. During their consultation the clinician was asked to complete a recruitment template on the computer system and confirm if the patient was consulting with low back, neck, shoulder, knee or multi-site MSK pain. Patients were excluded if they had serious pathology requiring urgent attention,  were unable to communicate in English, or were considered vulnerable (e.g. had a diagnosis of dementia/terminal illness).

2.1.3 Identification/Assessment
Patients were identified by weekly sceening of electronic medical records using appropriate Read codes (coded clinical terms). Eligible patients were sent invitation letters from their general practice (containing a participant information sheet, and baseline questionnaire including the MSK-HQ, EQ-5D-5L, a pain intensity measure [11-point numeric rating scale] and pain-site specific PROM focusing on function) shortly after their consultation. The pain-site specific PROM depended on which pain-site the clinician recorded as the primary reason for their visit. Patients consenting to data collection were sent a questionnaire at 6-months follow-up, capturing the same PROMs alongside a global rating of change in their MSK condition.



2.1.4 Pooled Analysis
Analysis of the results from the pilot RCT primary analysis focused on feasibility outcomes (e.g. recruitment, use of stratified care), alongside describing patients’ clinical outcomes over 6 months. (8). For this secondary analysis, the two intervention arms were pooled to make one dataset.
 
2.2 Patient Reported Outcome Measures (PROMs)
2.2.1 All Participants
All participants completed the MSK-HQ and EQ-5D-5L. The MSK-HQ uses 14 items to capture domains prioritised as important by patients and clinicians (6). These domains span pain, mobility, physical activity, sleep, social interaction, work/daily routine, independence, understanding of condition/treatment, confidence at managing symptoms, washing/dressing, fatigue, and overall impact. Each item has a 5-point scale (coded from ‘not at all’ [4 points] to ‘extremely’ [0 points], except for items 12 and 13, which have response options in the reverse order). The total summed score ranges from 0 to 56, with 56 being the best possible MSK health state. The EQ-5D-5L is a widely-used, generic health-related quality of life (HRQoL) measure, capturing information from five domains (mobility, self-care, usual activities, pain/discomfort, anxiety/depression). These can be combined in a summary index score; higher scores indicate better HRQoL (17). At 6-months, all patients were asked to provide a global rating of change in their MSK condition, by answering the following question on a scale of -5 (“very much worse”) to +5 (“completely recovered”): “With respect to your [pain site inserted] pain, how would you describe yourself now compared to how it was when you saw your doctor around 6 months ago?” This provided an 11-point scale ranging from -5 to 5, as recommended by Kamper et al (10) with “0” representing “no change”, and values greater than and less than “0” representing an improvement, and deterioration, respectively.

2.2.2 Low Back Pain
Patients with low back pain were asked to complete the Roland and Morris Disability Questionnaire (RMDQ). This includes 24-items likely to be affected by low back pain, summed to provide a score ranging from 0 (no disability) to 24 (maximum disability). It has been extensively validated in patients with low back pain across many settings (12). The minimal clinically importance difference (MCID) in RMDQ scores has been reported in a primary care population as a reduction of ≥30% from baseline score at 6 months, alongside patients rating their back pain as ‘better’ on a global rating scale (18).  Other studies have reported the MCID as being a change score of ~5 (19–21).

2.2.3 Neck Pain
Patients with neck pain were asked to complete the Neck Disability Index (NDI) (13). This includes 10-items covering issues such as pain intensity, headache, lifting, and work. Each item is measured on a scale from 0 (no pain/disability) to 5 (maximum pain/disability), with a total score generated ranging from 0 (no disability) to 100 (maximum disability) (22). The NDI is the most widely used and validated instrument for assessing self-rated disability in patients with neck pain (23). Various MCIDs have been reported across studies (24). In patients with non-specific chronic neck pain, the MCID has been estimated at 3.5 (25); in patients with cervical radiculopathy it has been estimated at 7 (26).

2.2.4 Shoulder Pain
Patients with shoulder pain completed the Shoulder Pain and Disability Index (SPADI). This includes two subscales (pain and functional activities), combined to give a total score out of 100, with higher scores indicating greater shoulder-related disability (27). The SPADI has been validated across a range of shoulder problems and clinical settings, including those consulting in primary care, and those having shoulder surgery (27). The MCID has been estimated at 8-13 (28).

2.2.5 Knee Pain
Patients with knee pain completed the Knee injury and Osteoarthritis Outcome Score (KOOS). This includes five patient subscales, combined in a summative score ranging from 0 (extreme knee problems) to 100 (no knee problems). It has been extensively validated in patients with knee pain attributable to many causes (29). The KOOS MCID is most commonly considered to be 8-10 (14). 

2.2.6 Multi-Site Pain
Patients with multi-site pain completed the short-form version 12 (SF-12) (30). This measures eight health domains (four physical; four mental), each scored 0 to 100, with higher scores indicating better health. Health domains can be combined in a physical component summary score (PCS), also ranging 0 to 100. The SF-12 is commonly used in studies of multi-site pain (31,32). The MCID for the domain and component summary scores are unknown for patients with multi-site MSK pain, although for patients with subacute and chronic low back pain, the MCID for the PCS is estimated to be 3.29 (15).

2.3 Statistical Analysis
2.3.1 Missing Data
Pre-analysis, missing MSK-HQ item data were imputed for participants with a small (n<3) number of missing item responses. At baseline, 14 participant questionnaires had 1 missing item response, 1 had 2 missing item responses, and 2 had 7 missing item responses. At 6-months, 13 participant questionnaires had 1 missing item response, 3 had 2 missing item responses, and 1 had 3 missing item responses. Missing item values were replaced with the mean item score for the individual in whom they were missing.

2.3.2 Responsiveness
To evalute the responsiveness of the MSK-HQ, we used the patient global assessment of change in MSK condition as an external anchor transition instrument, and assessed the ability of the MSK-HQ to discriminate between patients reporting and not reporting an improvement in their MSK condition. Global rating of change scales offer efficient methods of charting self-assessed progress in research/clinical settings, demonstrating clinical relevance, adequate reproducibility, and sensitivity to change (10). We dichotomised the patient global assessment score into those reporting any improvement in their MSK condition versus those reporting no change/worsening symptoms. Receiver operating characteristic (ROC) curves were constructed, and the area under the curve (AUC) calculated for 6-month changes in MSK-HQ, EQ-5D-5L, and site-specific disability PROM scores at discriminating between patients reporting and not reporting an improvement in their MSK condition. 

We also assessed the ability of the MSK-HQ and EQ-5D-5L to identify patients reporting varying levels of global change in their MSK condition using two ordinal logistic regression models (proportional odds). Patient global assessment of change in MSK condition scores were grouped into four categories: -5 to -2 representing “worse”; -1 to 1 representing “similar”; 2 to 3 representing “improved”; 4 to 5 representing “much improved”. These groupings ensured sufficient patient numbers in each category. Predicted cut-offs for 6-month changes in MSK-HQ and EQ-5D-5L scores that assigned patients to each global change category were calculated, with 95% CIs constructed using bootstrap resampling (33).  Agreement between known and predicted score cut-offs were examined using Kappa statistics with quadratic weights.  This analysis was only conducted on the full sample, due to insufficient numbers in global change categories on stratifying by MSK pain-site.

2.3.3 Calculating Minimal Clinically Important Differences
The MCID is broadly defined as a difference in a score large enough to have an implication for patient management (34). No consensus exists on the best methodology to calculate an MCID. We used the commonest anchor-based approach to calculate the MCID for the MSK-HQ, EQ-5D-5L, and each of the site-specific PROMs (35). This involved choosing the ROC curve point for PROM change scores optimising the sensitivity and specificity of discriminating between patients with improved and unchanged/worsening patient global assessment of MSK condition scores. As MCID values can be affected by baseline scores, a sensitivity analysis used the 6-month PROM change score, expressed as a percentage of the baseline score (36). As recommended by Revicki et al (37), we calculated correlation coefficients between 6-month changes in MSK-HQ scores, and patient global assessment of change in MSK condition scores, to confirm “non-trivial” associations.

2.3.4 Concurrent Validity
Concurrent validity was assessed by evaluating Spearman’s correlations between 6-month change scores in the MSK-HQ, and the EQ-5D-5L, and site-specific disability PROMs. 

2.3.5 Programme Used
All analyses were conducted in R, version 3.4.1.


2.4 Ethical Approval
All participants provided informed consent for data collection. Research ethical approval was obtained for the STarT MSK pilot trial from the East Midlands Research Ethical Committee, Nottingham (Ref:16/EM/0257). 

2.5 Trial Registration
The STarT MSK pilot trial was registered on the ISRCTN registry (reference number 15366334).

3. RESULTS
3.1 Participant Characteristics
Of 524 participants at baseline, most had low back (n=155), knee (n=144), or shoulder (n=124) pain, with fewer consulting for neck (n=59) or multi-site (n=42) pain (Table 1). Mean age of participants was 61.1 years, with similar mean ages reported by participants with different pain conditions (58.1-64.5 years). Overall, 39% of participants were male. Most reported that their current episode of MSK pain had lasted for  less than 12 months, apart from those reporting multi-site pain, in whom 69% reported pain lasting for >1 year, and 19% pain for >10 years. 

3.2 Pain Scores
Overall, the mean baseline MSK pain score was 6.21 (out of 10), reducing to 4.07 at 6 months follow-up (Table 1). Mean baseline, 6-month, and 6-month changes in pain scores were similar in patients reporting different MSK pain sites, with the exception of those with knee and multi-site pain, who reported smaller 6-month improvements of only 1.53 and 1.14, respectively. Many (60%) patients reported global improvements in their MSK condition. The proportion of patients reporting global improvements in neck (71%) and shoulder (70%) MSK pain were higher than those reporting knee (50%), low back (58%), or multi-site (54%) MSK pain.

3.3 Generic PROM Scores
Overall, the mean baseline MSK-HQ score was 29.36 (potential maximum of 56), with a mean increase (representing improvement) by 6 months of 7.46, resulting in a mean 6-month score of 37.35 (Table 1). Similar mean baseline MSK-HQ scores were seen in participants with MSK pain in different sites (28.12-32.19). Greater mean increases in MSK-HQ scores were observed in those with neck (9.41), low back (9.01), and shoulder (7.81) pain than knee (5.58) or multi-site (4.38) pain. Similar patterns were observed for EQ-5D-5L.

3.4 Responsiveness
The MSK-HQ had a moderate ability to discriminate between participants reporting a global assessment of resolution/improvement versus no change/worsening at 6 months in their MSK condition (Table 2; Figure 1). The AUC for the absolute 6-month change in MSK-HQ scores in all participants was 0.81 (95% CI 0.78, 0.85). An AUC of 0.70 is considered sufficient in this context (38). The lowest AUC was observed for neck (0.75; 95% CI 0.59, 0.81) and highest for multi-site (0.92; 95% CI 0.82, 1.00) pain, although the small number of participants in the latter group (n=35) limited the estimate’s precision. Similar AUC scores were observed for the relative 6-month change in the MSK-HQ.

The MSK-HQ had higher AUC values than the EQ-5D-5L. The AUC for the absolute 6-month change in EQ-5D-5L in all participants was 0.68 (95% CI 0.62, 0.73). The lowest AUC was observed for neck (0.49; 95% CI 0.32, 0.66) and highest for shoulder (0.72; 95% CI 0.60, 0.72) pain. Similar AUC scores were observed for the relative 6-month change in EQ-5D-5L.

The MSK-HQ had similar AUC values to reference standard PROMs measuring disability at discriminating between those reporting resolution/improvement versus no change/worsening (Table 2; Figure 1). For low back pain, AUC values for the absolute 6-month change scores in the RMDQ and MSK-HQ were 0.74 (95% CI 0.65, 0.82) and 0.81 (95% CI 0.74, 0.88), respectively. For neck pain, AUC values for the absolute 6-month change scores in the NDI and MSK-HQ were 0.74 (95% CI 0.59, 0.89) and 0.75 (95% CI 0.59, 0.81), respectively. For shoulder pain, AUC values for the absolute 6-month change scores in the SPADI and MSK-HQ were 0.74 (95% CI 0.64, 0.84) and 0.83 (95% CI 0.74, 0.91), respectively. For knee pain, AUC values for the absolute 6-month change scores in the KOOS and MSK-HQ were 0.80 (95% CI 0.72, 0.88) and 0.80 (95% CI 0.72, 0.87), respectively. Finally, for multi-site pain, AUC values for the absolute 6-month change scores in the SF-36 PCS, and MSK-HQ were 0.57 (95% CI 0.37, 0.68), and 0.92 (95% CI 0.82, 1.00), respectively. Similar findings were seen for relative 6-month PROM change scores. The EQ-5D-5L had lower AUC statistics than all reference standard PROMs, except the SF-12 PCS for multi-site pain (Table 2; Figure 1). 

Using ordinal logistic regression models, predicted cut-offs in 6-month changes in MSK-HQ scores of -6.5 (95% CI -10.5, -3.5), 7.5 (95% CI 4.5, 10.5) and 17.5 (95% CI 13.5, 20.5) were optimal to identify patients that were worse/similar, similar/improved, and improved/much improved in their global assessment of change in MSK condition scores, respectively. For the EQ-5D-5L, these scores were -0.30 (95% CI -0.48, -0.16), 0.08 (95% CI -0.02, 0.19), and 0.26 (95% CI 0.16, 0.40), respectively. For the MSK-HQ, the Kappa statistic for agreement between the known and predicted score cut-offs for global change categories was 0.55 (95% CI 0.48, 0.61), with the lower 95% confidence interval indicating intermediate-to-good agreement (39). For the EQ-5D-5L, the Kappa statistic was 0.31 (95% CI 0.22, 0.40) with the lower CI indicating poor agreement.

3.5 Minimal Clinical Important Differences (MCIDs)
The 6-month change in MSK-HQ scores had a strong correlation with patient global assessment of change in MSK condition scores (r=0.60; 95% CI 0.53, 0.65) (Table 3). High correlations were also observed between patient global assessment of change scores, and the KOOS (r=0.59), NDI (r=-0.53), RMDQ (r=-0.43), and SPADI (-0.44), with weaker correlations observed with the EQ-5D-5L (r=0.37), and SF-36 PCS (r=0.15).

In all participants, the MCID in the absolute 6-month change score for the MSK-HQ was 5.5, which had a 72% sensitivity and 78% specificity for discriminating between patients reporting and not reporting resolution/improvement in their MSK condition (Table 2), replicating the MCID reported in another study (7). Some minor variation (within 2.0 units) was observed in the MCID in the MSK-HQ absolute 6-month change score across four of the five pain-sites. However, for multi-site pain the MCID was substantially lower at 0.50, although the limited sample size of this group makes the relevance of this finding uncertain.

The MCID for the relative 6-month change score for the MSK-HQ was 15.7% (Table 2), which had the same sensitivity as the absolute 6-month change score (72%), but slightly lower specificity (71%). There was some minor variation in the MCID for the relative 6-month change scores in three of the five pain-sites (ranging from 14.9-20.6%) but substantially lower scores were seen for shoulder (9.7%) and multi-site (2%) pain.

The MCIDs for the absolute 6-month change scores for site-specific PROMs were similar to those reported in the existing literature, with the exception of the SF-36 PCS, although this was a poor discriminator of those reporting  or not reporting resolution/improvement. For knee pain, the KOOS MCID was 10.7; for neck pain, the NDI MCID was 3.5; for low back pain, the RMDQ MCID was 2.5; for shoulder pain, the SPADI MCID was 11.2; for multi-site pain, the SF-36 PCS MCID was 0.35.

3.6 Concurrent Validity
Strong positive correlations were observed between 6-month changes in the MSK-HQ and the EQ-5D-5L (r=0.59), and KOOS (r=0.61), and strong negative correlations between 6-month changes in the MSK-HQ and the NDI (r=-0.77), RMDQ (r=-0.69), and SPADI (r=-0.70) (Table 4). A weaker positive correlation was observed between 6-month changes in the MSK-HQ and the SF-36 PCS (r=0.17), which was not statistically significant. Correlations between 6-month changes in the EQ-5D-5L, and site-specific PROMs were of a smaller magnitude compared to the MSK-HQ for all PROMs except the SF-36 PCS.

4. DISCUSSION
Our study evaluated the responsiveness, and concurrent validity of the MSK-HQ in patients with MSK conditions managed in primary care. We found that, firstly, the MSK-HQ was able to discriminate well between patients reporting, and those not reporting global resolution/improvement in their MSK condition over 6 months, with AUC statistics ranging from 0.75-0.92 across the 5 pain-sites for absolute 6-month changes in MSK-HQ scores. Secondly, the MSK-HQ had similar capabilities to existing pain-site specific reference PROMs that measure disability, at identifying patients reporting global improvements in their MSK condition, with similar AUC statistics observed. As many patients in the primary care sector will have symptoms at more than one MSK pain site over time, its similar responsiveness to site-specific PROMs across different pain sites is particuarly advantagous. Thirdly, the MSK-HQ had higher AUC values than the EQ-5D-5L (widely-used, generic HRQoL measure) at identifying patients who reported global resolution/improvement in their MSK condition. Overall, these results provide further evidence that the MSK-HQ is a valid and responsive PROM for use in patients reporting a range of MSK pain presentations.

Our finding that the MSK-HQ had higher AUC values at identifying patients self-reporting a global improvement in their MSK condition, compared to the EQ-5D-5L index score, is of particular interest.  The EQ-5D (encompassing its 3- and 5-level forms) is one of the most frequently used generic, preference-based HRQoL measures, with the EQ-5D-3L recommended by the National Institute for Health and Care Excellence for use in its technology appraisal economic evaluations (40). Responsiveness to detect clinical changes of importance to patients is a crucial property of a PROM; if it is insufficently sensitive, it will fail to detect treatment benefits, leading to imprecise evaluations. Payakachat et al recently systematically reviewed the ability of the EQ-5D to detect clinically meaningful changes in health status, reporting it was responsive in fewer than half of the 56 conditions evaluated across 145 studies, with mixed and no evidence of responsiveness seen in 48% and 7% of conditions, respectively (41). In patients with MSK conditions, the responsiveness of the EQ-5D has mainly been evaluated in patients having surgery, or those reviewed in orthopedic clinics. Several studies have assessed its internal responsiveness (ability to change over a specific time-period, usually pre-/post-surgery). In 60 patients undergoing carpal tunnel decompression surgery the EQ-5D-5L had “moderate” internal responsiveness (Cohen’s d score of 0.5 comparing mean post-operative and pre-operative EQ-5D-3L scores) (42). In 54,486 patients having knee replacement surgery, standardised response mean scores were 0.90 for EQ-5D-3L index scores, compared with 1.50 for Oxford Knee Scores (43). Limited data exists on its external responsiveness (extent to which its change relates to corresponding changes in a reference measure of clinical or health status), although Soer et al reported that in 151 patients with non-specific chronic lower back pain receiving treatment in a tertiary care spine centre, EQ-5D-3L index scores had an AUC of 0.71 at idenfifying patients reporting improvements in their global scores (44). The findings from our study suggest that in patients with common MSK pain presentations seen in primary care, the MSK-HQ is better at detecting clinically meaningful improvements in patients’ MSK conditions, and is a superior PROM than the EQ-5D in this setting.

We used the anchor-based method to calculate the MCID for the MSK-HQ, comparing changes in MSK-HQ scores with changes in a patient global assessment of MSK condition score in a ROC curve analysis. This is the most widely-used approach to calculating MCID (45), and analagous to the optimal cut-off when comparing scores at one time-point. We observed variability in the MCID for the MSK-HQ across the five pain-sites, ranging from 0.50-6.50. This is not a suprising finding, considering the small sample size of some of the MSK pain subgroups limiting the precision of our estimates (with only 35 patients in the multisite pain group having 6-month MSK-HQ change data). Variability of PROM MCIDs across clinical conditions and studies is a well-established challenge, consistently demonstrated in several systematic reviews (45,46).  The reasons for this variability include heterogeneity in patient populations (varying by age, gender, and conditions), methodology (different global anchors and analysis methods), and study quality. Therefore, whilst it is accepted that the MCID is a useful and necessary tool to help interpret patient reported improvement, interpretation is needed that takes the range of available estimates into account (34,45). Whilst our overall MCID of 5.5 for the MSK-HQ is constistent with a previous study in a physiotherapy, and secondary care setting (7), further work is required to evaluate MCIDs for the MSK-HQ in different MSK patient populations, to provide a greater understanding of what changes would have implications for patients’ management in different healthcare settings, and MSK conditions.

In the START MSK Pilot RCT both the Keele STarT MSK Tool and MSK-HQ were used (8). These PROMs have important conceptual differences. The STarT MSK tool is a prognostic stratification tool, for use among patients with MSK pain to identify those at low, medium or high-risk of persistent MSK pain (16,47). It should be used to help clinicians understand patients’ likely prognoses, and guide initial treatment decisions e.g. early physiotherapy in those at high-risk. In contrast, the MSK-HQ is used to measure overall MSK health status using domains that patients and clinicians have prioritised as being important. Having now demonstrated its excellent responsiveness in the primary care setting, clinicians can be confident in using it as a standard MSK PROM to evaluate changes in MSK health following treatment in primary care.

The strengths of this secondary analysis include the sample size (>500 patients), inclusion of widely-accepted reference PROMs capturing disabilty related to different MSK pain-sites, and its primary care setting (since most patients with MSK pain are managed there). It also has several limitations. Firstly, participants were grouped into one of five common MSK pain presentations, rather than specific clinical diagnoses; clinical heterogeneity is likely to exist in the pathophysiology underlying pain at different sites, and the MSK-HQ could perform differently across specific diagnoses. Secondly, the sample size of some of the groups of participants (those with neck and multi-site pain) was small, and therefore the estimates were imprecise. Thirdly, whilst the SF-12 is frequently used in studies of multi-site pain, it was not developed for the purpose of evaluating multi-site pain specifically, and is therefore not analogous to the site-specific measures used for the other MSK-pain sites.

In conclusion, this analysis demonstrates that the MSK-HQ has good responsiveness, and concurrent validity in patients with the five most common MSK pain presentations consulting in primary care. 
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Table 1. Patient Characteristics and PROM Scores by Pain Site
	[bookmark: _Hlk8798861]Characteristic
	
	All (n=524)
	Low Back (n=155)
	Neck (n=59)
	Shoulder (n=124)
	Knee (n=144)
	Multi-Site (n=42)

	Age (Years)
	
	61.14 (14.75)
	58.06 (15.57)
	58.75 (16.91)
	62.03 (13.86)
	64.49 (13.33)
	61.74 (13.33)

	Male Gender, n (%)
	
	206 (39%)
	63 (41%)
	17 (29%)
	65 (45%)
	61 (42%)
	9 (21%)

	Pain intensity on 11-point NRS
	0 months
	6.21 (2.25)
	6.43 (2.22)
	6.25 (2.23)
	5.94 (2.24)
	6.31 (2.33)
	5.86 (2.16)

	
	6 months
	4.07 (2.93)
	4.06 (2.93)
	3.02 (2.59)
	3.47 (2.93)
	4.83 (2.96)
	4.81 (2.42)

	
	Change
	-2.12 (2.97)
	-2.38 (2.98)
	-2.98 (2.79)
	-2.37 (3.09)
	-1.53 (2.96)
	-1.14 (2.36)

	Pain duration, n (%)
	<3 months
	136 (26%)
	49 (30%)
	21 (36%)
	30 (24%)
	34 (24%)
	5 (12%)

	
	3-6 months
	77 (15%)
	19 (12%)
	14 (24%)
	26 (21%)
	14 (10%)
	4 (10%)

	
	7-12 months
	89 (17%)
	23 (15%)
	6 (10%)
	32 (26%)
	24 (17%)
	4 (10%)

	
	1-2 years
	75 (14%)
	16 (10%)
	5 (8%)
	19 (15%)
	26 (18%)
	9 (21%)

	
	3-5 years
	53 (10%)
	15 (10%)
	5 (8%)
	7 (6%)
	18 (12%)
	8 (19%)

	
	6-10 years
	48 (9%)
	15 (10%)
	4 (7%)
	6 (5%)
	19 (13%)
	4 (10%)

	
	>10 years
	46 (9%)
	21 (14%)
	4 (7%)
	4 (3%)
	9 (6%)
	8 (19%)

	Patient global change in MSK condition, n (%)
	Worse
	102 (22%)
	30 (22%)
	9 (18%)
	18 (17%)
	38 (30%)
	7 (20%)

	
	Same
	81 (18%)
	29 (20%)
	6 (12%)
	14 (13%)
	25 (20%)
	9 (26%)

	
	Better
	273 (60%)
	79 (58%)
	36 (71%)
	76 (70%)
	63 (50%)
	19 (54%)

	MSK-HQ
	0 months
	29.36 (10.41)
	28.14 (10.54)
	32.19 (10.19)
	31.24 (9.91)
	28.27 (10.73)
	28.12 (9.32)

	
	6 months
	37.35 (12.24)
	37.52 (12.76)
	43.14 (10.09)
	40.00 (11.12)
	34.06 (12.51)
	32.26 (10.17)

	
	Change
	7.46 (10.8)
	9.01 (11.67)
	9.41 (9.65)
	7.81 (10.71)
	5.58 (10.77)
	4.38 (7.55)

	EQ-5D-5L
	0 months
	0.56 (0.24)
	0.55 (0.24)
	0.64 (0.23)
	0.57 (0.23)
	0.53 (0.24)
	0.55 (0.23)

	
	6 months
	0.64 (0.26)
	0.66 (0.27)
	0.69 (0.21)
	0.66 (0.26)
	0.59 (0.25)
	0.59 (0.25)

	
	Change
	0.08 (0.21)
	0.10 (0.23)
	0.05 (0.14)
	0.08 (0.21)
	0.07 (0.23)
	0.05 (0.13)

	Site-Specific PROM
	0 months
	-
	9.59 (5.5)
	16.08 (8.02)
	53.57 (21.84)
	42.88 (21.17)
	34.41 (9.52)

	
	6 months
	-
	6.65 (6.11)
	9.73 (9.14)
	37.88 (27.36)
	52.79 (23.56)
	35.59 (12.21)

	
	Change
	-
	-2.76 (5.25)
	-6.29 (6.74)
	-14.97 (27.74)
	9.40 (19.21)
	1.28 (8.33)


All data are given as mean (SD) unless otherwise stated; MSK=musculoskeletal; NRS=numeric rating scale; site-specific PROMs are the Roland and Morris Disability Questionnaire for low back pain, Neck Disability Index for neck pain, Shoulder Pain and Disability Index for shoulder pain, Knee Injury and Osteoarthritis Outcome Score for knee pain, and Short-Form-12 Physical Component Summary Score (PCS) for multi-site pain.

Table 2. Minimal Clinically Important Differences for the MSK-HQ Compared with Other Patient Reported Outcome Measures
	[bookmark: _Hlk8819502]
	
	Absolute 6-Month Change Scores
	Relative 6-Month Change Scores

	
	No. Reporting Global Improvement
	AUC
(95% CI)
	MCID
	Sensitivity/
Specificity
	% Attained MCID
	AUC
(95% CI)
	MCID
	Sensitivity/
Specificity
	% Attained MCID

	All Patients
	
	
	
	
	
	
	
	
	

	MSK-HQ
(n=453)
	272
	0.81
(0.78, 0.85)
	5.50
	0.72/0.78
	52%
	0.78
(0.73, 0.82)
	15.71%
	0.72/0.71
	55%

	EQ-5D-5L (n=437)
	271
	0.68
(0.62, 0.73)
	0.03
	0.69/0.61
	57%
	0.66
(0.61, 0.71)
	3.18%
	0.68/0.61
	57%

	Low Back Pain
	
	
	
	
	
	
	
	
	

	MSK-HQ
(n=134)
	78
	0.81
(0.74, 0.88)
	6.50
	0.76/0.73
	55%
	0.75
(0.67, 0.78)
	15.76%
	0.78/0.64
	60%

	EQ-5D-5L (n=128)
	79
	0.69
(0.60, 0.79)
	0.03
	0.73/0.58
	61%
	0.70
(0.60, 0.70)
	3.03%
	0.74/0.64
	59%

	RMDQ
(n=136)
	79
	0.74
(0.65, 0.82)
	-2.50
	0.63/0.74
	52%
	0.79
(0.71, 0.87)
	-24.04%
	0.79/0.75
	44%

	Neck Pain
	
	
	
	
	
	
	
	
	

	MSK-HQ
(n=51)
	36
	0.75
(0.59, 0.81)
	4.50
	0.81/0.67
	67%
	0.70
(0.52, 0.87)
	14.91%
	0.75/0.67
	63%

	EQ-5D-5L
(n=50)
	36
	0.49
(0.32, 0.66)
	0.04
	0.54/0.53
	52%
	0.50
(0.31, 0.68)
	4.90%
	0.54/0.60
	50%

	NDI
(n=51)
	36
	0.74
(0.59, 0.89)
	-3.50
	0.69/0.67
	41%
	0.80
(0.68, 0.93)
	-22.29%
	0.80/0.80
	38%

	Shoulder Pain
	
	
	
	
	
	
	
	
	

	MSK-HQ
(n=107)
	74
	0.83
(0.74, 0.91)
	3.50
	0.79/0.81
	62%
	0.82
(0.73, 0.91)
	9.74%
	0.79/0.77
	63%

	EQ-5D-5L (n=103)
	76
	0.72
(0.60, 0.72)
	0.02
	0.72/0.68
	62%
	0.69
(0.57, 0.81)
	2.15%
	0.71/0.61
	62%

	SPADI
(n=105)
	76
	0.74
(0.64, 0.84)
	-11.16
	0.65/0.74
	47%
	0.74
(0.64, 0.84)
	-29.91%
	0.62/0.81
	50%

	Knee Pain
	
	
	
	
	
	
	
	
	

	MSK-HQ
(n=126)
	63
	0.80
(0.72, 0.87)
	5.50
	0.62/0.81
	40%
	0.76
(0.68, 0.84)
	20.61%
	0.62/0.76
	43%

	EQ-5D-5L (n=122)	
	62
	0.71
(0.62, 0.80)
	0.03
	0.66/0.67
	50%
	0.65
(0.56, 0.75)
	4.15%
	0.62/0.64
	50%

	KOOS
(n=123)
	60
	0.80
(0.72, 0.88)
	10.72
	0.63/0.90
	36%
	0.74
(0.66, 0.83)
	31.68%
	0.58/0.84
	37%

	Multi-Site Pain
	
	
	
	
	
	
	
	
	

	MSK-HQ
(n=35)
	19
	0.92
(0.82, 1.00)
	0.50
	0.81/0.95
	60%
	0.9
(0.79, 1.00)
	2.00%
	0.95/0.81
	60%

	EQ-5D-5L
(n=34)
	19
	0.61
(0.61, 0.81)
	0.05
	0.61/0.69
	47%
	0.66
(0.47, 0.86)
	6.44%
	0.67/0.69
	53%

	SF-12 PCS (n=35)
	19
	0.57
(0.37, 0.68)
	0.35
	0.68/0.50
	60%
	0.59
(0.39, 0.78)
	0.97%
	0.68/0.50
	60%


No./n=number; No. reporting global improvement = number of patients with available data reporting improvement in their patient global score at 6 months; MCID = Minimal Clinically Important Difference; MCID calculated using anchor-based method; sensitivity and specificity given for MCID at differentiating between patients with and without an improvement in their patient global score at 6 months (health transition anchor); relative 6-month change score is the change in the PROM score as a proportion of the baseline score; % attained MCID = the proportion of patients attaining the MCID.



Table 3. Correlations between 6-Month Changes in MSK-HQ, EQ-5D-5L and Site-Specific PROM scores, and Patient Global Assessment of Change in MSK Condition Scores
	PROM
	Correlation Co-efficient
(95% Confidence Interval)

	MSK-HQ
	0.60 
	(0.53, 0.65)

	EQ-5D-5L
	0.37 
	(0.28, 0.45)

	KOOS
	0.59 
	(0.46, 0.69)

	NDI
	-0.53 
	(-0.70, -0.30)

	RMDQ
	-0.43 
	(-0.56, -0.28)

	SPADI
	-0.44 
	(-0.59, -0.28)

	SF-36 PCS
	0.15 
	(-0.20, 0.46)




MSK-HQ=musculoskeletal health questionnaire; KOOS=, Knee Injury and Osteoarthritis Outcome Score; NDI=Neck Disability Index; RMDQ=Roland and Morris Disability Questionnaire; SPADI=Shoulder Pain and Disability Index; SF-36 PCS=Short-Form-12 Physical Component Summary Score.



Table 4. Correlations Between 6-Month Changes in the MSK-HQ, EQ-5D-5L, and Reference Standard PROMs
	
	MSK-HQ
	EQ-5D-5L

	MSK-HQ
	-
	
	 -
	

	EQ-5D-5L
	0.59 
	(0.53, 0.65)
	 -
	

	KOOS (Knee Pain)
	0.61 
	(0.49, 0.71)
	0.45
	(0.30, 0.58)

	NDI (Neck Pain)
	-0.77 
	(-0.86, -0.63)
	-0.39
	(-0.61, -0.13)

	RMDQ (Back Pain)
	-0.69 
	(-0.77, -0.59)
	-0.67
	(-0.75, -0.56)

	SPADI (Shoulder Pain)
	-0.70 
	(-0.79, -0.59)
	-0.38
	(-0.54, -0.20)

	SF-36 PCS (Multi-site Pain)
	0.17 
	(-0.17, 0.48)
	0.26
	(-0.09, 0.55)




Correlations (95% confidence intervals) reported; all correlations are significant at P<0.001, except correlations between the MSK-HQ and EQ-5D-5L and SF-36 PCS. MSK-HQ=musculoskeletal health questionnaire; KOOS=Knee Injury and Osteoarthritis Outcome Score; NDI=Neck Disability Index; RMDQ=Roland-Morris Disability Questionnaire; SPADI=Shoulder Pain and Disability Index; SF-36 PCS=Short-Form-12 Physical Component Summary Score.



Figure 1. Receiver Operating Characteristic Curves for the MSK-HQ and Other Patient Reported Outcome Measures at Discriminating Between Patients Improving and Not Improving on their Patient Global Assessment Score.


Panel A: all patients; Panel B: patients with low back pain; panel C = patients with neck pain; panel D = patients with shoulder pain; panel E = patients with knee pain; panel F = patients with multi-site pain. MSK-HQ=musculoskeletal health questionnaire; KOOS=Knee Injury and Osteoarthritis Outcome Score; NDI=Neck Disability Index; RMDQ=Roland-Morris Disability Questionnaire; SPADI=Shoulder Pain and Disability Index; SF-36 PCS=Short-Form-12 Physical Component Summary Score.
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