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Significance 
This article presents an overview of systematic reviews and meta-analyses on predictors of functional outcome, measured using patient reported outcome measures (PROMs) in musculoskeletal healthcare. It highlights ‘generic’ patient factors that predict functional outcome across musculoskeletal conditions. Findings provide support for the development and content of generic musculoskeletal prognostic models including models used to case-mix adjust PROM data for baseline complexity. Generic musculoskeletal models and functional PROMs would facilitate more feasible comparison and benchmarking of musculoskeletal services.
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Abstract
Background: Multiple cohort and systematic review studies exist, reporting independent predictive factors associated with outcome in musculoskeletal populations. These studies have found evidence for a number of ‘generic’ factors that have been shown to predict outcome across musculoskeletal patient cohorts. This review provides a higher level review of the evidence with a focus on generic patient factors associated with functional musculoskeletal outcome with a view to informing predictive modelling. 
Objectives:  a) Identify patient factors found to have evidence to support their association with functional outcome, and b) review these findings across body areas/conditions to identify generic predictive factors.
Databases and Data Treatment: Electronic databases of MEDLINE, AMED, EMBASE, CINAHL and Cochrane were searched for eligible studies. Two reviewers independently extracted data and assessed quality using an established checklist for umbrella reviews.
Results: Twenty one systematic reviews met inclusion criteria, all were of moderate/high quality. Six independent predictors were found to have strong evidence of association with worse musculoskeletal functional outcome across anatomical body sites (worse baseline function, higher symptom/pain severity, worse mental wellbeing, more comorbidities, older age and higher body mass index). Longer duration of symptoms, worse pain coping, presence of workers compensation, lower vitality and lower education were also found to have moderate evidence of association with worse functional outcome across body sites.
Conclusions: This study identifies a number of factors associated with musculoskeletal functional outcome. The generic predictive factors identified should be considered for inclusion into musculoskeletal prognostic models, including models used for case-mix-adjustment of patient reported outcome measure data. 
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Introduction
Patient Reported Outcome Measures (PROMs) consist of a series of questions that patients are asked in order to gauge their views on their own health, forming a self-assessment of a patient’s health and health related quality of life (The Kings Fund, 2010). Momentum among policy makers is growing for the routine and mandated collection and reporting of PROM data by clinical services. Outcomes interpretation however needs to give appropriate consideration to extraneous variables that can significantly impact upon treatment outcomes in patients with musculoskeletal (MSK) impairments (Werneke et al 2016).
Case-mix adjustment is a way of statistically compensating for inter-provider differences in the prevalence of factors that adversely affect treatment response in order to make between-provider comparisons more equitable (Phillips et al, 2003). The use of adjustment methods assumes that the most important prognostic factors of treatment response have been identified and are appropriately measured and adjusted for (Deeks, et al, 2003). A recent review of case-mix adjustment models (adjusting functional PROM scores) identified two broad MSK models and twelve baseline variables that were commonly used across studies and found to be predictive of functional outcome (Burgess et al, 2018). There was however, no formal review of key predictive factors in the development of either of the existing models. Important predictors may therefore have been omitted or identified since existing case-mix adjustment models were established.  
Thousands of prognostic factor research studies are published within the medical literature each year (Riley et al, 2013, Altman and Riley, 2005). A large number of these cohort studies have focused on identifying predictors of outcome within a MSK context, including for specific MSK conditions such as low back pain, shoulder pain, and hip pain, with well conducted systematic reviews summarising agreement on the most important predictive factors (Verkerk et al, 2012, Kooijman et al, 2015, Struyf et al, 2016, de Rooij et al, 2016). Predictive patient factors emerging from these reviews include; symptom duration, disability level, previous episode, pain severity, baseline function, and level of comorbidity (Kooijman et al, 2015, Struyf et al, 2016, de Rooij et al, 2016). Mallen et al, (2007) proposed that many of these predictors were common across pain sites and conducted a systematic review to identify prognostic factors for generic MSK pain. They found that although there was a high level of heterogeneity across studies, certain generic patient factors were consistently found to be predictive of poor outcome. This review was updated in 2017 (Artus et al, 2017) and generic predictors of MSK outcome were found to be; widespread pain, high functional disability, somatisation, high pain intensity and presence of previous pain episodes.  These studies support the notion that there are key generic factors across pain sites/MSK conditions that predict treatment outcome.  
Umbrella reviews are reviews of existing systematic reviews (Aromataris et al, 2015). Their purpose is to summarise evidence from multiple research syntheses (Becker et al, 2011) and to provide a rapid and broad review of the evidence base within a specified field (Khangura et al, 2012, Lunny et al, 2017). They are increasingly conducted due to a steady increase in the number of systematic reviews undertaken. This allows for additional analysis in comparing and contrasting systematic review findings, providing a synopsis of high level research evidence (Aromataris et al, 2015). 
The aim of this study was to conduct a high level umbrella review of all existing systematic reviews providing longitudinal data on self-reported baseline predictors of functional outcome within MSK patient populations, with the purpose of providing robust evidence on prognostic factors that should be considered when developing MSK case-mix adjustment models for adjusting PROM scores to allow for “fair” comparison of data across healthcare services/providers.  
Methods
Design: Umbrella review in line with guidelines from the umbrella review methodology working group (Aromataris et al, 2015).
Objectives 
The objectives of this umbrella review were to; a) identify patient factors found to have evidence to support their predictive association with functional outcome, measured using an MSK-relevant PROM score in patients presenting with MSK conditions, and b) review these findings across body areas/conditions to identify generic predictive factors.
[bookmark: _Toc508720339]Inclusion and Exclusion Criteria
Specific inclusion and exclusion criteria were formulated for the review to ensure studies included were justified, relevant and reviewed against clear and consistent criteria. Inclusion criteria were; systematic reviews and meta-analyses, adult populations, English language (due to resource limitations), all MSK healthcare settings (primary care, community, secondary care, occupational), studies identifying independent patient level predictors of functional outcome in patients presenting with MSK disorders, self-reported predictors (to ensure feasibility of clinical collection), reviews had to include functional outcome as one of the primary outcomes, functional outcome measured using PROMs including those used to measure disease severity, disability and functional activity, studies published in the last five years ((01/01/2013-01/01/2018). Aromataris et al (2015) state that including research syntheses conducted within the past 5–10 years reflects original/primary research conducted over the past 30 years, and therefore restricting reviews to these time periods in this type of review is appropriate. Exclusion criteria were studies looking at predictive models rather than individual factors. Variables included needed to be gathered at baseline, self-reported, and outside of a provider’s control, with the focus on identifying generic variables that could be feasibly collected in routine practice for use in case-mix adjustment predictive modelling.  Prognostics factors are characteristics that help to estimate patient’s likely outcome irrespective of chosen management (Hill and Fritz, 2011), therefore all systematic reviews were included within an MSK patient population irrespective of management delivered.
[bookmark: _Toc508720340]Searches
Medline, AMED, EMBASE and CINAHL electronic databases were searched alongside the Cochrane Database of systematic reviews (search strategy for Medline included within Appendix S1). Searches were combined using Boolean logic (AND and OR). Search criteria included having the following terms, or iterations of them, in the study title or abstract; predict OR prognosis, AND, outcome OR recovery OR function, AND, musculoskeletal OR low back OR neck OR spinal OR hip OR knee OR shoulder. Reference lists of relevant identified articles were also searched to identify any further appropriate reviews.  Electronic searches were filtered to ensure results included systematic reviews only. 
[bookmark: _Toc508720343]Selection Procedure
One reviewer (RB) undertook a preliminary screen of all titles to remove studies that clearly and unquestionably did not meet the inclusion criteria. Two reviewers (RB and GM) then independently screened all abstracts identified from searches and accessed full articles for all abstracts supporting closer consideration for inclusion. The full text of identified papers was then reviewed independently by the same reviewers.  Any disagreement on studies to include was discussed until consensus was reached. A third reviewer was also available if agreement could not be reached (JH). 
[bookmark: _Toc508720344]Data Extraction and Quality Assessment
Data was independently extracted by two reviewers (RB and GM) and entered into an excel table, data extracted included title, authors, year, date range of database searching, setting, MSK condition/body part, number of studies included and quality, quality tool used, outcomes reported, variables included, and strong, moderate, weak, or inconclusive evidence of variable predictive ability. 
[bookmark: _Toc508720345]Quality was assessed using a checklist developed by the umbrella review methodology working group (Aromataris et al, 2014) (developed specifically for appraising systematic reviews within the context of an umbrella review) that was designed for use by two reviewers (RB and GM) independently appraising studies with discussion where necessary to reach agreement. The checklist includes 10 items, including for example; whether the review question was clearly and explicitly stated, whether the search strategy was appropriate, and whether the criteria for appraising studies was appropriate. The full checklist is shown in Table 2 with agreement achieved on all studies. 
Similar to scoring of other systematic reviews using AMSTAR (Shea et al, 2007), studies were graded as low quality if three or less items were rated as met (0-3), moderate quality (4-7), and high quality (8-10) (Rebar et al, 2015).
Summarising Evidence Across Studies
Criteria for evaluating the level of evidence across studies was adapted from Sackett (2000) and from previous similar review studies (Kooijman et al (2015), Artus et al (2017)), and used to determine the strength of evidence for independent predictors of functional outcome reported where similar criteria had not already been applied. To be considered a generic predictor of functional outcome, prognostic factors had to be investigated for two or more musculoskeletal pain regions (Artus et al, 2017). Like Artus et al (2017), synthesis of results took into consideration statistically significant associations, consistency of results (direction of effect), and study quality. 
Table 1: Level of evidence for generic prognostic factors for poor functional outcome (Adapted from Sacket (2000), Kooijman et al (2015), Artus et al (2017))

Guyatt et al (2008) describe the GRADE system in a series of articles which encompasses how to grade quality of evidence and the strength of recommendations formulated through evidence syntheses. This guideline on recommendations was also used to help inform and underpin the formulation of recommendations from the review.
Results
[bookmark: _Toc508720346]Search Results and Selection Procedure
The above searches identified 374 systematic review articles for initial screening after removal of duplications (no additional articles were found from searches of reference lists). Following review of titles, 69 reviews were included for closer inspection of abstracts, and 38 for full text review. Following full text review 21 studies were included. See Figure 1 for flowchart of search results. 
[bookmark: _Toc508720347]Figure 1: Flowchart of Search Results
[bookmark: _Toc508720348]Quality Assessment
The quality checklist is shown with results for included studies in Table 2. For each criterion within the checklist, studies were rated as met, not met, or not applicable (NA). 
[bookmark: _Toc508720355]Quality of Included Studies
Overall quality across included reviews was good (moderate to high quality) with the majority of checklist criteria rated as ‘met’ (See Table 2).  The majority of reviews (13/21) stated following specific review guidelines for reporting review methodology and findings (PRISMA, MOOSE). All reviews had more than one independent reviewer apart from the studies by Struyf et al (2016), and Buirs et al (2016). All included systematic review studies used a quality tool to grade included studies with regards to quality of evidence, although Hofstede et al (2016) limited this to grading based on two criteria only. Most studies were unable to carry out a meta-analysis due to heterogeneity of included studies/data and therefore this item was scored NA (not applicable). Not all studies fully assessed likelihood of publication bias, and therefore this item was often unclear/not met.
The majority of reviews describe the main limitations across included studies to be: heterogeneity of methodology of primary studies, including a diverse range of outcome measures and prognostic factors across studies, differences in timing of outcome capture, incomplete data, and loss of patients to follow up.  
[bookmark: _Toc508720352]Evidence Synthesis
Most included studies used criteria to determine the level of evidence for individual predictors such as those shown in Table 1, which grouped levels of evidence into strong, moderate, weak, or inconclusive. These criteria were utilised by the reviewers (RB, GM) to categorise predictors where this had not already been undertaken, with results shown in Tables 4 and 5. Where possible only functional outcome was reported unless this could not be separated from other primary outcomes within studies. 
[bookmark: _Toc508720349]Table 2: Quality of Included Studies (Critical appraisal checklist for systematic reviews and research syntheses (Aromataris et al, 2014))
[bookmark: _Toc508720350]Table 3: Characteristics of Included Studies
Table 4: Studies showing evidence for predictive factors associated with functional outcome. 
Table 5: Generic Predictors of Functional Outcome

[bookmark: _Toc508720356]Predictors of Outcome
Predictors of outcome including those with strong and high quality consistent evidence, moderate evidence, weak evidence, and inconclusive or inconsistent/conflicting evidence in predicting functional outcome are shown in Table 4. Those variables with; strong, moderate, or weak evidence of effect on functional outcome that could be considered generic predictors (across two or more studies with different MSK pain sites/conditions) are shown in Table 5. Similar predictors are grouped together where appropriate. Table 5 also shows where there are any inconsistencies in regards to the direction of effect within the column termed ‘strength of outcome prediction’.  The table shows that there are a number of predictors that could be considered generic predictors of functional outcome and these are discussed with consideration to the strength of evidence below. 
Strong evidence: Variables with a strong level of evidence supporting their ability to predict functional outcome across more than one body area are; baseline function/disability, baseline symptom/pain severity, mental wellbeing, comorbidities, age and body mass index (BMI). The majority of studies show that poor outcome is predicted by; worse baseline function/disability, higher pain severity, worse mental wellbeing, more comorbidities, older age, and higher BMI (see Table 5 for detail of inconsistencies in direction of effect)
Moderate evidence: Variables with a moderate level of evidence supporting their ability to predict functional outcome across more than one body area are; duration of symptoms, pain coping (including fear avoidance beliefs and catastrophizing), workers compensation/sick leave duration, vitality (SF36), education/socioeconomic status and general health. Poor outcome was consistently predicted by; longer duration of symptoms, higher levels of fear avoidance/catastrophizing, the presence of workers compensation or higher sick leave duration, lower vitality, lower education, and poor general health.
Weak evidence: The variable of widespread pain was found to have weak evidence across more than one body area/condition, with greater widespread pain consistently predicting poor outcome. 
Inconclusive evidence: A large number of variables were shown to have inconclusive evidence, see Table 3.
Discussion
In summary the main independent factors with strong evidence for predicting functional outcome in MSK patient cohorts across body sites from this umbrella review were worse baseline function/disability, higher symptom/pain severity, worse mental wellbeing, more comorbidities, older age, and higher BMI. Longer duration of symptoms, poorer pain coping, presence of workers compensation/sick leave duration, lower vitality, lower education /socioeconomic status, and poorer general health were also found to have moderate evidence to support them being generic predictors of functional outcome, and presence of widespread pain weak evidence. 
The majority of studies showed consistent findings with regards to the direction of effect (see Table 5) but there were two specific areas of inconsistency. The first was in relation to baseline function/disability with the majority of studies showing that worse baseline function predicted poor outcome, this was however not the case when studies looked at change scores rather than purely follow up outcome, for example Hofstede et al (2016) found that a lower functional PROM score (indicating lower function) predicted worse outcome conforming to other studies, but also to greater improvement (change). This was also found by Harmelink et al (2017), and Lungu et al (2016a, 2016b). This shows that patients with lower functional scores achieve a better outcome with regards to health gain but still a worse overall outcome than those with higher baseline scores in relation to follow up functional PROM scores achieved. All of these studies were looking at predictors of surgical hip or knee arthroplasty functional outcome so it also unclear if this phenomenon is specific to this type of intervention. There is therefore clear evidence that baseline functional PROM score is predictive of outcome across included studies, but this needs to be viewed in context to how it is being evaluated.  The second area where there was a degree of inconsistency was in evaluating baseline pain/symptom severity. The majority of studies showed worse baseline pain/symptom severity to predict worse outcome but this was less consistent in the area of spinal surgery where worse baseline symptoms predicted worse outcome but specifically more severe leg pain predicted better post-operative outcome. This is likely due to leg pain being a treatment effect modifier within the area of lumbar discectomy surgery, meaning that this subgroup of patients respond differently/better to this specific treatment (Hancock et al, 2009). Within this review we were looking to determine predictors of functional outcome across MSK patient populations to allow for a more evidence based approach to adjustment of case-mix to take into consideration those at a higher or lower risk of a poor outcome, not to provide information on which patients respond better to which specific treatments (modifiers of treatment outcome) (Hancock et al, 2009). 
This review of independent predictors of MSK functional outcome largely reflects the review findings of Artus et al (2017), and of Mallen et al (2007) on prognostic factors for patients with MSK pain. Artus et al (2017) found generic predictors of a poor prognosis with strong evidence to be; widespread pain, high functional disability, and somatisation, and predictors with a moderate level of evidence to be; high pain intensity, long pain duration, and a high depression/anxiety score. Evidence for no association was also found for; low education (strong), pain medications (moderate), and older age and gender (weak). This demonstrates that, whether focused to prognostic factors for MSK pain or specifically to prognostic factors for functional outcome in MSK patients, generic factors are largely similar. This review does however provide different findings with regards to education and age and provides evidence for additional factors of BMI, vitality, workers compensation, comorbidities and general health. From this study it can be seen that factors such as BMI and vitality predict functional outcome in patients with clinical OA but it is unclear whether this would be the case for other MSK pain conditions as this factor was not evaluated outside of this patient population although it was found across body sites. 
This paper supports previous findings with regards to the commonality of generic factors. These factors help provide support to the feasibility of creating generic prognostic models such as the STarT MSK tool, a tool for stratification of patients with MSK pain (Campbell et al, 2016), and the Chronic Pain Risk Score, a chronic pain classification tool (Von Korff and Miglioretti, 2005) to predict patients at risk of poor outcome, and to the development of generic case-mix adjustment models for comparison of functional PROM data across patient cohorts and providers of MSK healthcare, with adjustment of PROM scores for those providers treating patients with a higher or lower risk of poor functional outcome compared to the average provider (Hart and Connelly, 2006, Coles, 2010).
A previous systematic review on case-mix adjustment models in MSK healthcare (Burgess et al, 2018) identified two broad models; a UK National PROMS (NPROMs) model developed and validated in a UK secondary care orthopaedic setting (Coles, 2010, NHS England, 2012, NHS England 2013), and a US Focus on Therapeutic Outcomes (FOTO) model developed and validated in a community MSK setting (Resnik and Hart, 2003, Hart and Connolly, 2006). Variables highlighted within this review for use in case-mix adjustment modelling included; baseline functional status, age, gender, comorbidities, symptom duration, surgical history, payer, impairment type, index of multiple deprivation, ethnicity, assistance with questionnaire, and self-reported disability (Burgess et al, 2018). This umbrella review provides further support to a number of variables already included in existing MSK case-mix adjustment models and has identified a number of additional independent predictors of functional outcome to consider for inclusion in future MSK case-mix adjustment modelling. These include symptom/pain severity, mental wellbeing, and BMI, which have strong evidence to support their inclusion as generic predictors, and consideration of inclusion of pain coping (including fear avoidance and catastrophising), sick leave duration or compensation status (where relevant), vitality (measured using SF36/12), education/socioeconomic status (although already partly measured using IMD) and general health, which have moderate evidence to support their inclusion. The feasibility of collecting these predictors as part of a case-mix model within routine clinical data collection needs to be carefully considered, particularly for variables such as the mental health/wellbeing variable which was measured in a number of studies using the SF36 mental health component summary score, and vitality and general health which also used questionnaires (SF12, SF36). This may be considered too burdensome on patients to measure in some contexts and so shorter/briefer measures may be required. 
The findings from this review have several implications. Existing  case-mix adjustment models need testing to see if they can be modified using the predictors identified from this review to make them more applicable for a wide range of MSK conditions and clinical settings. Now that there are generic MSK outcome measures that have been validated for use across MSK conditions and settings such as the Arthritis Research UK Musculoskeletal-Health Questionnaire (MSK-HQ) (Hill et al, 2016), there is also the possibility of vastly reducing the number of routine clinical data variables collected through the use of generic outcome measurement and case-mix adjustment tools. This would reduce patient burden, reduce the complexity for clinicians in understanding and interpreting different measures, and be useful for commissioners/funders of research who typically pay for generic MSK services rather than specific MSK condition services and so want consistent data intelligence across the whole service they fund. Finally, having both a generic MSK case-mix adjustment model and outcome measure would enable a methodology to be developed to allow for fair inter-provider comparisons and benchmarking of MSK services, which at present is not available.
[bookmark: _Toc508720358]Limitations 
Our review was limited to English language studies due to the lack of translation services for non-English studies. It was also limited to search dates within the last 5 years although this has shown to be appropriate in this type of review (Aromataris et al, 2015).
Our umbrella review examined all systematic reviews on predictive factors of functional outcome in MSK populations. There was therefore a risk of included studies including the same original cohort studies within their analyses. Overlap in reviews of systematic reviews is a recognised issue within umbrella reviews and decisions for inclusion can be; to include all identified studies and note the overlap, or, minimise overlap bias by specifying specific criteria and selecting the most comprehensive systematic review (Lunny et al, 2017). The latter approach however can lead to unintended loss of information through exclusion of important reviews (Lunny et al, 2017). Overlapping reviews within this umbrella review were therefore included and noted with regards to overall impact on results. For example, Struyf et al (2016) and Kooijman et al (2015), have three shoulder studies in common, with both finding strong evidence to support duration of symptoms and pain intensity as predictors of functional outcome in shoulder patients. We believe however that  identified overlap will have had limited effect on our umbrella review results as we specified that evidence needed to be found in more than one study and more than one area of the body to be included as a generic predictor. 
By including all systematic reviews including those evaluating specific treatments such as arthroplasty surgery alongside those looking more broadly at functional outcome in patients consulting for MSK conditions, there is a chance that some of the prognostic factors identified could actually be treatment effect modifiers (characteristics that influence the relationship between a specific intervention and outcome (Hill and Fritz, 2011)), these would need to be further evaluated in context to those interventions. This should have been largely avoided however due to factors needing to be predictive across body areas/conditions rather than for just one area and intervention type. 
[bookmark: _Toc508720359]Conclusion
The umbrella review identified 21 systematic review articles meeting criteria for inclusion. All studies were of good quality. Following our high level review of evidence, six generic predictors (baseline function/disability, symptom/pain severity, mental wellbeing, comorbidities, age and BMI) were found to have strong high quality consistent evidence across studies and anatomical body sites. Additional predictors (duration of symptoms, pain coping, workers compensation/sick leave, vitality, education and general health) were also found to have moderate evidence across studies and body sites. All of these factors warrant consideration for inclusion within case-mix adjustment modelling of MSK outcomes. Next steps involve reviewing these findings alongside findings from the systematic review of existing MSK case-mix adjustment models (Burgess et al, 2018), to determine a feasible (able to be captured simply at baseline) list of baseline patient factor variables for future testing in the development of a generic MSK case-mix adjustment model.
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