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Abstract 

Objective 
To explore whether using a single matched or composite outcome might impact the results of previous randomised controlled trials (RCTs) testing exercise for non-specific low back pain (NSLBP). The first objective was to explore whether a single matched outcome generated a greater standardised mean differences (SMD) when compared to the original unmatched primary outcome SMD. The second objective was to explore whether a composite measure, comprised of matched outcomes, generated a greater SMD when compared to the original primary outcome SMD.

Design
We conducted exploratory secondary analyses of data.

Setting
Seven RCTs were included, of which two were based in the USA (University research clinic, Veterans Affairs medical centre) and the UK (primary care clinics, nonmedical centres). One each were based in Norway (clinics), Brazil (primary care), and Japan (outpatient clinics). 

Participants
The first analysis comprised 1) five RCTs (n=1,033) that used an unmatched primary outcome but included (some) matched outcomes as secondary outcomes, and the second analysis comprised 2) four RCTs (n=864) that included multiple matched outcomes by developing composite outcomes. 

Intervention:
Exercise compared to no exercise.

Main Outcome Measures: 
The composite consisted of standardised averaged matched outcomes. All analyses replicated the RCTs’ primary outcome analyses. 

Results
Of five RCTs, three had greater SMDs with matched outcomes (pooled effect SMD 0.30 (95% CI 0.04, 0.56), p=0.02) compared to an unmatched primary outcome (pooled effect SMD 0.19 (95% CI -0.03, 0.40) p=0.09). Of four composite outcome analyses, three RCTs had greater SMDs in the composite outcome (pooled effect SMD 0.28 (95%CI 0.05, 0.51) p=0.02) compared to the primary outcome (pooled effect SMD 0.24 (95%CI -0.04, 0.53) p=0.10).

Conclusions
These exploratory analyses suggest that using an outcome matched to exercise treatment targets in NSLBP RCTs may produce greater SMDs than an unmatched primary outcome. Composite outcomes could offer a meaningful way of investigating superiority of exercise than single domain outcomes. 
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Highlights
· Exercise has multiple proposed treatment targets. Few RCTs match their outcomes to these targets.
· These analyses suggest that outcomes matched to exercise treatment targets may produce greater SMDs than outcomes that are not matched to exercise treatment targets
· Composite outcomes may generate greater SMDs and less uncertain estimates


Abbreviations: 
NSLBP	non-specific low back pain
RCT		randomised controlled trial
SMD		standardised mean difference
ANOVA	analysis of variance 
ANCOVA	analysis of covariance
WOMAC 	Western Ontario and McMaster Universities Osteoarthritis Index



Introduction 

Persistent non-specific low back pain (NSLBP) is the leading cause of disability globally,1,2 with an estimated 540 million people worldwide experiencing NSLBP.3 Therapeutic exercise is the most widely recommended treatment for persistent NSLBP4,5 with moderate certainty evidence that it has clinically important benefits for pain but small benefits for function.6–9 

Exercise is a complex intervention with numerous components, such as biological,10 psychological and social,11 as well as treatment interaction components.12 Therefore, there may be multiple potential treatment targets, where a treatment target is defined as the goal or intention the treatment aims to influence.13 Most  randomised controlled trials (RCTs) of exercise for persistent NSLBP do not specify their treatment targets.14 Literature regarding RCT design stipulates that the primary outcome should match the rationale of the intervention,15,16 yet outcome measures are often selected based on core outcome domains17 and/or patient preference. A recent systematic review18 demonstrated that most (74%) of the included RCTs of exercise in persistent NSLBP used primary outcomes not reflective of the RCT’s specified exercise treatment targets. Further, most RCTs demonstrate only small differences between exercise and control arms,7 and therefore clinically important interventions may be overlooked, if these benefits are related to the selection of the primary outcome.

In complex interventions, such as exercise, which frequently have more than one treatment target, the selection of a single primary outcome measure may be insufficient to capture the benefits that can be achieved.19 Watt et al.,19 suggest that nominating a single primary outcome in a RCT of a complex intervention may distort the overall purpose. Composite outcomes, including two or more component outcome domains,20 may be more suitable than a single primary outcome in such RCTs, and may be better able to demonstrate the effects of complex interventions. In addition, more meaningful results of exercise RCTs for persistent NSLBP may be derived. However, due to the limited evidence on composite measures available for NSLBP, future research in this area has been recommended.21 

It is unknown whether using a matched primary outcome or composite outcome (comprised of the specified treatment targets) might alter the findings of previous RCTs.22 This secondary analysis aimed to explore whether using a single matched or composite outcome might impact the results of previous RCTs testing exercise for persistent NSLBP. The first objective was to explore whether a single outcome, matched to the identified exercise treatment targets, generated a greater standardised mean difference (SMD) when compared to the original unmatched primary outcome SMD. The second objective was to explore whether a composite measure, comprised of more than one outcome matched to the identified exercise treatment targets, generated a greater SMD when compared to the original primary outcome SMD. 


Methods

Design
Exploratory secondary analyses of seven previous RCTs. A random effects meta-analysis (generated with RevMan 5.3) was used to compare: i) the overall effect of using an unmatched primary outcome with the first reported matched outcome, and ii) the overall effect of using a single primary outcome (matched or unmatched) with a composite (matched) outcome. 

Data Source
A recently completed systematic review of RCTs of exercise interventions compared to no exercise in persistent NSLBP18 informed the RCT sample for this study. Treatment targets were extracted verbatim from the RCT published texts, where it was clear the authors had described a rationale for how the exercise intervention was proposed to work, or what they had designed the exercise intervention to target. In the review, RCTs were categorised into: a matched group, where the primary outcome reflected one of the identified treatment targets; or an unmatched group, where the primary outcome did not reflect one of the identified treatment targets. The matching process was subjective and performed by pairs of independent reviewers, as described in Wood et al.18 For each analysis, the authors of the identified RCTs were contacted and the dataset requested. The first analysis identified RCTs within the unmatched group that included secondary outcomes matched to the treatment targets. The second analysis identified RCTs within both the matched and unmatched groups, where more than one outcome reflected more than one stated exercise treatment target. 


Data Extraction
Information pertinent to these analyses was extracted as part of the systematic review process18 by pairs of independent reviewers (see appendix 1). The stated treatment target(s) of the exercise intervention, the primary and secondary outcomes for each RCT, the outcomes that matched the stated exercise treatment targets, and the method of analysis performed on primary and secondary outcomes were extracted for each RCT (see Table 1).  

Data Analysis
Both Analyses: 
SMDs and 95% confidence intervals were calculated for each primary and matched secondary outcome for between-arm differences at the primary outcome time-point designated by the trial authors, or if no primary time-point was specified by the authors, then the earliest time-point post-exercise-intervention. SMD statistics for all between-arm differences were reported as intervention minus control: positive SMDs indicating higher values for the exercise intervention (lower for the control), and by contrast, negative SMDs indicating lower values for the intervention (higher for the control). Where some variables had point estimates scoring in the opposite direction to other included variables, these were transformed so that all variables scored in the same direction.23,24 

For linear mixed models25–28 the data were transformed from wide to long format by transforming the variables to cases and computing a new variable consisting of all time-points relevant to that outcome. All outcomes of interest were converted to a standardised variable (standardised z-score). Initial analyses aimed to replicate the published data used for the primary outcome(s) and/or targeted secondary outcomes where possible to do so. The replicated analysis was applied to the matched secondary outcome(s). Linear mixed model analyses include all time-points available for the relevant outcome. Therefore values for all available time-points for the matched secondary outcomes were also used and reported25–28. 

Second Analysis Only:
The second analysis created a composite outcome, comprised of multiple outcomes matched to the specified exercise treatment targets.  For the creation of the composite outcome, standardised composite outcomes were derived by computing a new variable of the mean of the standardised outcome scores, matched to the treatment targets, for each time-point.29 A further analysis was performed where two primary outcomes were specified, and both were matched to the treatment targets: a co-primary composite was developed by creating a new variable of the mean of the standardised primary outcomes at each time point. Exploratory analysis compared the results of the first nominated primary outcome in comparison to a targeted composite outcome and the co-primary outcome composite. The method of analysis of between-arm standardised differences replicated the initial primary time-point analysis. All analyses used Statistical Package for Social Science (SPSS) Statistics 24.


Results

A summary of dataset acquisition and analysis is displayed in Figure 1, and details of included trials are presented in Table 1. 



Figure 1: Process of identification of suitable trials for inclusion and process of analysis
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Table 1: Included Trial Datasets 
	Analysis 
	Trial
	Intervention
	Control
	Exercise Treatment Targets
	Outcome Domains 
	Primary Time-Point 
	Analysis Performed

	
	
	
	
	
	All Primary
	Matched Secondary
	
	Primary Outcome 
	Secondary Outcome

	FIRST ANALYSIS
	
	Shirado et al., 20111
	Exercise
	NSAIDs
	Increasing overall physical activity; spinal mobility
	Self-reported: Pain intensity (VAS), Physical function (RMDQ) and Health-related quality of life (JLEQ)
	Objectively recorded: Flexibility (finger floor distance)
	8 weeks
	Only SMD analysis performed 

	
	
	Tilbrook et al., 20112
	Yoga
	Usual care
	Improving mobility;
strength; 
posture; 
reducing pain
	Self-reported: Physical function (RMDQ)
	Self-reported: Pain intensity (Aberdeen Back Pain Scale)
	12 weeks
	

	
	
	Harris et al., 20173
	Brief intervention with physical activity
	Brief intervention
	Fear avoidance and movement phobia; re-establish normal movement patterns
	Objectively recorded: Increased work participation – change form full-time sick leave to partial sick leave or full return to work 
	Self-reported: Fear-avoidance behaviours (Fear-Avoidance Beliefs Questionnaire)

	12 months
	Differences between groups were measured with chi-square tests for each of the 12 months
	ANOVA

	
	SECOND ANALYSIS
	Bronfort et al., 20114
	Supervised exercise
	Spinal manipulation (Home exercise and advice)
	Increase trunk muscle endurance;
increase trunk stability
	Self-reported: Pain intensity (11-point box scale)
	Objectively recorded:
Static endurance (flexion, extension), dynamic endurance (flexion, extension), isometric strength (flexion, extension).
	12 weeks*
	Analysis of covariance (ANCOVA) for differences between the three groups and linear mixed-model 
	Change scores for trunk performance measures were used and then analysed for group differences with analysis of variance (ANOVA)

	
	SECOND ANALYSIS
	Groessl et al., 20175
	Yoga
	Waitlist control
	Increase strength and flexibility; reduce stress; increased pain tolerance
	Self-reported: Physical function (RMDQ)
	Self-reported: Pain intensity (BPI) (reported); Objectively recorded: Range of motion (Saunders digital inclinometer) and core strength (prone and supine bridge) (not reported in RCT paper)
	12 weeks
	Linear mixed-model 

	
	
	Miyamoto et al., 20186
	Pilates once a week, twice a week and three times a week plus advice
	Advice alone
	Improving disability; reducing absence from work; physical and functional recovery; reduce pain; improve catastrophising and kinesiophobia
	Self-reported: Pain intensity (NRS), Physical function (RMDQ) 
	Self-reported:  Physical Function (PSFS), 
Global Perceived Effect, Catastrophizing (PCS), Kinesiophobia (TSK), Health-related Quality of Life (HRQoL) (SF6D)
	6 weeks
	Liner mixed-model

	
	
	Moffett et al., 20067
	McKenzie exercise 
	Solution finding approach
	Fear of physical activity; relieve pain; reduce anxiety and depression; help them take control of their situation; enable the individual to cope better; return to their normal activities sooner; prevent long-term disability
	Self-reported:  Fear avoidance (TSK), 
Physical function (RMDQ)
	Self-reported:  Health control (Multidimensional health locus of control), 
Self-efficacy (PSEQ), Anxiety and Depression (HADS)
	6 weeks*
	Linear mixed-model


Legend: Only matched secondary outcomes are listed here. *Bronfort et al. 4 and Moffett et al. 7 did not specify their primary time-point, thus the first time-point post-treatment was used, as per the method used in the systematic review8. Abbreviations used: NSAIDs non-steroidal anti-inflammatories; VAS Visual Analogue Scale; RMDQ Roland and Morris Disability Questionnaire; JLEQ Japan Low Back Pain Evaluation Questionnaire; SMD Standardised Mean Difference; ANOVA Analysis of Variance; ANCOVA Analysis of Covariance; BPI Brief Pain Inventory; NRS Numeric Rating Scale; PSFS Patient Specific Functional Scale; PCS Pain Catastrophising Scale; TSK Tampa Scale of Kinesiophobia; SF6D Short-Form 6-Dimension questionnaire; PSEQ Pain Self-Efficacy Questionnaire; HADS Hospital Anxiety and Depression Scale. 

First Analysis: The Difference between Matched and Unmatched Outcome SMDs 
In the first analysis, lead authors from five RCTs25,28,30–32 were contacted, and three datasets acquired. Two RCTs provided sufficient information within their published papers, resulting in five RCTs analysed (1,033 participants). Two RCTs compared yoga to usual care,30 and a waitlist control,28 three RCTs tested supervised exercise programs in comparison to a brief intervention32, a home exercise and manipulative arm25, and prescribed NSAIDS31. 

Of the five RCTs included, three had greater SMDs and statistical significance in favour of exercise compared to a control-arm when a matched secondary outcome was used in comparison to an unmatched primary outcome25,28,31 (see Table 2). Of the three full datasets analysed, two demonstrated larger, statistically significant effects in favour of exercise with at least one matched secondary outcome at the primary time-point(s), compared to an unmatched primary outcome25,28. The analysis of Harris et al.32 did not demonstrate any statistically significant differences using any of the outcomes, but the use of the matched secondary outcome generated a greater SMD in favour of the exercise group than when using the unmatched primary outcome. The analysis of Tilbrook et al.30 was the only trial analysed to demonstrate greater between-arm differences when using an unmatched primary outcome. 



Table 2: First analysis results demonstrating the difference between matched and unmatched outcome SMDs
	Trial
	Comparator
	Outcome Domain
(Primary Outcome Shaded)
	Standardised Mean Difference  
(95% Confidence Interval)
	Analysis Method

	Shirado et al., 201030
	Exercise vs NSAIDS
	Pain intensity
	0.17 (-0.12, 0.47)
	Published Data

	
	
	Physical function
	0.27 (-0.02, 0.55)
	

	
	
	Health-related quality of life
	0.29 (-0.00, 0.57)
	

	
	
	Forward finger distance*
	0.54 (0.26, 0.83)
	

	Tilbrook et al., 201131
	Yoga vs Usual care
	Physical function
	0.50 (0.26, 0.74)
	

	
	
	Pain intensity
	-0.01 (-0.23, 0.22)
	

	Bronfort et al., 201125
	Exercise vs Manipulation
	Pain intensity
	0.21 (-0.07, 0.5)
	Linear Mixed Model

	
	
	Static endurance flexion*
	0.55 (0.32, 0.79)
	

	
	
	Static endurance extension*
	0.31 (0.09, 0.52)
	

	
	
	Dynamic endurance flexion*
	0.56 (0.34, 0.78)
	

	
	
	Dynamic endurance extension*
	0.84 (0.62, 1.05)
	

	
	
	Isometric strength flexion*
	0.15 (-0.00, 0.31)
	

	
	
	Isometric strength extension*
	0.17 (0.02, 0.32)
	

	Bronfort et al., 201125
	Exercise vs Manipulation
	Pain intensity
	0.21 (-0.07, 0.5)
	ANCOVA

	
	
	Static endurance flexion*
	0.57 (0.31, 0.83)
	

	
	
	Static endurance extension*
	0.32 (0.08, 0.57)
	

	
	
	Dynamic endurance flexion*
	0.59 (0.34, 0.83)
	

	
	
	Dynamic endurance extension*
	0.84 (0.61, 1.07)
	

	
	
	Isometric strength flexion*
	0.20 (0.01, 0.38)
	

	
	
	Isometric strength extension*
	0.19 (0.00, 0.37)
	

	Groessl et al., 201728
	Yoga vs Waiting list 
	Physical function
	0.14 (-0.27, 0.55)
	Linear Mixed Model

	
	
	Pain intensity
	0.30 (0.08, 0.52)
	

	
	
	Plank*
	0.23 (-0.04, 0.51)
	

	
	
	Flexion ROM*
	0.27 (-0.08, 0.61)
	

	
	
	Extension ROM*
	0.08 (-0.28, 0.44)
	

	Harris et al., 201732
	Physical exercise vs Brief intervention only
	Return to work*
	-0.16 (-0.32, -0.00)
	Chi2

	
	
	Fear avoidance (work)
	-0.29 (-0.64, 0.06)
	ANOVA

	
	
	Fear avoidance (physical activity)
	0.01 (-0.31, 0.33)
	


NSAIDS is non-steroidal anti-inflammatory drugs; ANOVA is analysis of variance; ANCOVA is analysis of covariance; ROM is range of motion; Outcomes shaded in grey are unmatched primary outcomes identified by trial authors. All outcomes were self-reported measures, apart from *, which were objectively measured. 

The original results and secondary analyses of the five RCTs are summarised in Figure 2: a pooled SMD of 0.19 (95% CI -0.03, 0.40; p=0.09) was seen for the unmatched primary outcome, in comparison to the SMD of 0.30 (95% CI 0.04, 0.56; p=0.02) for the first reported matched outcome. The subgroup differences (primary outcome compared to the first matched outcome) were not statistically significant (SMD 0.11; 95% CI -0.34, 0.57; p=0.51). 
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Second Analysis: Composite SMD calculations in comparison to Primary Outcome SMDs
In the second analysis, lead authors from seven RCTs25–28,33–35 were contacted, and four authors shared their datasets.25–28 Four RCTs were analysed (864 participants): one  compared differing Pilates dosages plus advice versus advice alone,27 one compared yoga to a waitlist,28 one tested supervised exercise programs in a home exercise versus a manipulative arm,25 and one compared McKenzie exercises versus a physiotherapy intervention.26 The composite outcomes varied in composition with three composite outcomes formed of six outcomes25–27 and one composite comprised of three outcomes28. For example, Groessl et al.28 measured the outcomes of strength, flexibility and pain relief in their RCT which were matched to the treatment targets of increasing strength and flexibility and improving pain tolerance. Please see Table 3 for more detail regarding composition of composite outcomes. 

The composite analysis impacted the results of three of four RCTs,25,26,28 as seen in Table 3. Three of the four analyses showed results with the composite outcome variable that had greater SMDs in favour of the exercise intervention25,26,28, of which two25,28 were (more) statistically significant in comparison to the original RCTs’ primary outcome results. All analyses showed a smaller standard error when using the composite outcome. The use of the co-primary composite generated greater SMDs than the composite outcome. However, the co-primary composite generated greater SMDs (not statistically significant) than the primary outcome in one RCT,26 but this was not reproduced in the other RCT analysis.27
Table 3: Second analysis results of composite SMD calculations compared to primary outcome SMDs
	Primary Outcome Classification
	Trial
	Primary Time-Point
	Outcome 
	SMD (Brackets denote 95% confidence intervals)
	Sig. (at p<0.05)
	Conclusion

	Matched
	Miyamoto et al. 201827
	6 weeks
	Primary (Pain intensity)
	0.69 (0.4, 1.0)
	<0.0001
	No change

	
	
	
	Composite*
	0.60 (0.4, 0.8)
	<0.0001
	

	
	
	
	Co-primary composite
	0.62 (0.37, 0.86)
	<0.0001

	

	
	Moffett et al. 200626
	6 weeks
	Primary (Fear Avoidance Beliefs)
	-0.01
 (-0.22,0.20)
	NS
	No change

	
	
	
	Composite˚
	0.00 
(-0.08,0.08)
	NS
	

	
	
	
	Co-primary composite
	0.08 
(-0.13,0.29)
	NS
	

	Unmatched
	Bronfort et al., 201125
	12 weeks
	Primary (Pain Intensity)
	0.21 (-0.07, 0.5)
	Not reported
	Changed results in favour of exercise

	
	
	
	Composite¥ (ANCOVA)
	0.26 (0.16,0.36)
	<0.0001
	

	
	
	
	Composite¥ (LMM)
	0.43 (0.31, 054)
	<0.0001
	

	
	Groessl et al., 201728

	12 weeks
	Primary (Physical Function)
	0.14 
(-0.46,0.18)
	NS
	Changed results in favour of exercise

	
	
	
	Composite§
	0.30 (0.08, 0.52)
	0.007
	


Where NS is non-significant, SMD is standardised mean difference, LMM is linear mixed model, ANCOVA is analysis of variance with co-variates. The composite outcomes were comprised of: *Miyamoto et al. pain, physical function, pain catastrophising, fear-avoidance beliefs, global perceived effect and a patient-specific functional scale); ˚Moffett et al. fear-avoidance beliefs, physical function, health control, self-efficacy, anxiety and depression; ¥Bronfort et al. dynamic endurance flexion and extension strength, static endurance flexion and extension strength, isometric flexion and extension strength; §Groessl et al. strength, flexibility and pain relief.

This is summarised in Figure 3 whereby a pooled SMD of 0.24 (95% CI -0.04, 0.53; p=0.10) was seen for the primary outcome in comparison to the SMD of 0.28 (95% CI 0.05, 0.51; p=0.02) for the matched composite outcome. The subgroup differences (primary outcome compared to matched composite) were not statistically significant (SMD 0.03 (95% CI -0.13, 0.20) p=0.86). 
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Discussion

The results of these exploratory secondary analyses of previous RCTs of exercise for NSLBP suggest that it is possible that using a primary outcome matched to the treatment targets of exercise may generate greater SMDs than a single unmatched primary outcome. Further, using a composite outcome, matched to multiple exercise treatment targets, may give greater power to detect superiority of exercise over a non-exercise control. In three of five RCTs, a single matched outcome measure generated a greater SMD than the original unmatched primary outcome SMD, and would impact the results of four RCTs. In two of four RCTs, a composite matched outcome would impact the results in favour of exercise versus control. Our analyses provide some support for matching the primary outcome to the treatment targets of the exercise intervention, and for considering the use of a composite outcome in comparison to a single outcome when multiple exercise targets are identified. Using a matched outcome may provide more clinically meaningful results, and will allow for identification of treatment interventions that may be more effective than previously supposed. 
	
Treatment targets may be described as intermediate variables or surrogate outcomes, as they may sit on the pathway to a patient relevant outcome such as pain or function. However, this may not always be the case, and the treatment targets reported by the authors of these RCTs may not have been based on clear programme development theory or logic modelling.36,37 Many of the treatment targets identified by the RCT authors were captured by some of their outcomes, but there were no published intervention development or programme evaluation38 papers for any of the included RCTs within which to test the degree that these treatment targets were indeed the focus of their intervention. Thus, it is difficult to identify which of the treatment targets may have been prioritised, or which may have been changed by the exercise interventions. In exercise, where multiple treatment targets are common, it is challenging without clear intervention theory, to understand how the exercise intervention may have exerted its effect. Heneghan et al.39 caution against the use of surrogate outcomes as primary outcomes, without a clear understanding of the impact and effect of these upon patient-relevant outcomes. In the field of exercise and NSLBP, the effect surrogate outcomes have on important patient outcomes like pain, function and quality of life is poorly understood. Furthermore, there is a lack of understanding as to what mechanisms of effect underpin exercise interventions for NSLBP.40,41 
 
The results of these exploratory secondary data analyses provide some support for considering the use of a composite matched outcome rather than a single unmatched outcome in trials of exercise for NSLBP. The results contrast with those from Parkes et al.42 who compared a composite outcome (the Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC] score, pain and rescue medication) to a single outcome (WOMAC pain) in knee osteoarthritis. Their composite outcome demonstrated modest improvements in responsiveness when compared to WOMAC pain alone, but these were not statistically significant. While composite outcomes are uncommon as primary outcome measures in RCTs in the field of NSLBP, they are frequently used in cardiovascular medicine, and have both advantages and disadvantages. The use of a composite outcome can reduce the sample size,43,44 which is beneficial both for the recruitment period and associated costs of RCTs.45,46 However, in cardiovascular disease when a composite outcome included the outcome measures of most importance to patients, composite outcomes were less likely to demonstrate a moderate treatment effect.46 Moreover, there is a risk of overestimation of treatment impact and effect when using composite outcomes if the component outcomes are not reported completely, leading to incorrect interpretation of the results.39 If the use of composite outcomes is to be considered in NSLBP, composite outcomes would need to be chosen based on sound rationale. Furthermore, all outcomes selected to be included in the composite should individually be expected to demonstrate an important effect, as any outcome that does not will dilute the overall effect. Hence, composites make sense if the targeted outcomes all contribute to an important treatment effect and are responsive to change. This proposal is supported by our results that show the co-primary (matched) analysis produced the overall highest SMDs (greater than the composite). 

Most RCTs of exercise for LBP appear to use a recommended core outcome domain47 as a primary outcome.18 Core outcome domains are necessary to allow for comparison of results across multiple datasets, and are useful for combined evidence approaches such as meta-analysis. However, the authors of the LBP core outcome set highlight that the agreed domains do not restrict measurement or the choice of primary outcome, but “mandate collection and reporting of the core outcome set alongside the outcomes of interest”.17 It could be argued that prioritising pain or back-related disability as the primary outcome domain in RCTs testing exercise for persistent NSLBP may not accurately reflect the benefits of exercise, if these outcome domains do not match the range of treatment targets of the intervention. The challenge of outcome measure selection is encapsulated by Coster et al.,48 “The ultimate value of a RCT …will be directly tied to how well the selected outcome measure matches the researcher’s understanding of what he or she expects to change, to what degree it is expected to change, over what period of time this change will happen and how that change can best be identified”. As exercise is a complex intervention with multiple potential treatment targets, there are multiple possible outcomes that could be used, but multiple outcomes should be interpreted with caution.49 The proposed treatment targets of the intervention should influence the selection of the primary outcome, from which the minimally important difference is used to calculate the sample size.49 Literature regarding RCT design stipulates that the primary outcome should match the rationale of the intervention.16,50 The results of this analysis suggest that matching the primary outcome to the treatment targets of the intervention may generate greater SMDs in favour of exercise, and that a composite outcome comprised of the most important treatment targets could generate greater SMDs with smaller standard errors in favour of exercise. A matched ‘targeted’ composite or single outcome may provide the RCT team with the best chance of detecting the benefits of exercise compared to a control or comparator, as well as providing a clear framework for future testing of how exercise may potentially achieve its effects. This may have clinical implications given we have limited understanding of what components or targets of exercise are most influential in creating change in outcomes of importance. 

Strengths and Limitations

This is the first study to explore the relationship between matched outcomes or composite outcomes and the treatment targets of the exercise intervention in RCT datasets of exercise for NSLBP. A strength of this study is the individual patient data acquisition of seven previously published RCTs which allowed secondary analysis of the data and generation of new composite variables. The analysis methods replicated the primary analysis method used by the trial teams of the individual RCTs, and this ensured the data were comparable, strengthening the results of this analysis. These RCTs were selected from a sample of RCTs included in a systematic review,18 which may have been subject to publication bias.  The main limitation is that this was an exploratory secondary analysis of a small number of RCT datasets. SMDs were chosen as a means to compare outcome estimates of different outcomes, but this may limit the interpretability of the results as the SMD can be highly influenced by the SD of the outcome data.51

Implications for Clinicians and Researchers

Greater SMDs in favour of exercise interventions in RCTs for persistent NSLBP may be derived from a combination of outcome measures rather than one alone in determining treatment success, similar to the approach in the field of osteoarthritis. 52,21 Greater SMD results may help to identify clinically meaningful treatments that may have previously been overlooked due to selection of an unmatched primary outcome. Validation of these results is required in a larger sample of exercise trials in NSLBP, and it would be interesting to explore the same issues for other complex interventions for NSLBP, and for other conditions. Clinicians and developers of exercise interventions may wish to consider what their exercise intervention targets, in order to select the most appropriate outcomes for that intervention. Further, it may be more beneficial for developers of RCT interventions to use a composite outcome comprised of the most important outcomes targeted to the intervention being tested. We recommend that developers of exercise interventions consider logic models or programme development theory36,37 in order to map and guide assessment of the mechanisms of action of their intervention, and the most likely outcomes to accurately measure the changes expected. Previous intervention development has been exemplified by Hurley et al.37 and Kjaer et al.53 who provided detailed descriptions of their self-management and exercise programs (please see Figure 4 as an example program model), including the ‘active’ components of the intervention, the proposed determinants of change and the corresponding outcomes to capture the intended change. It should be noted that we do not suggest all RCTs need to consider this level of intervention development. However, considering the trial intervention through a visual model can help to alleviate research waste by ensuring capture of the most important outcomes, and may contribute to future knowledge of how these interventions may work. 
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Conclusion

This study provides initial support that using i) a primary outcome matched to the treatment targets of the intervention may generate greater SMDs, and using ii) a composite outcome comprised of several outcomes matched to the exercise treatment targets, may generate greater SMDs and tighter estimates in favour of exercise interventions in comparison to a non-exercise arm in persistent NSLBP. Exercise prescribers and developers should consider the treatment targets of their intervention when selecting the most appropriate outcome(s). 
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Figure Legends

Figure 1: Processes of identification of suitable trials for inclusion and analysis

Figure 2: Forest plot to demonstrate the pooled effect of the SMD for unmatched primary outcomes in comparison to matched secondary outcomes
Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in comparison to composite outcome
Figure 4: An example program model of the GLA:D Back intervention, the proposed patient achievements and the outcomes through the GLA:D Back program, and their theoretical links (reproduced from Kjaer et al., 2018, with permission)
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Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in comparison to
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Figure 4: An example program model of the GLA:D Back intervention, the
proposed patient achievements and the outcomes through the GLA:D Back
program, and their theoretical links (reproduced from Kjaer et al., 2018,
under the Creative Commons licence with permission)
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