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Abstract: Complex interventions, like exercise for non-specific low back pain (NSLBP), have
many treatment targets. In randomised controlled trials (RCTs), matching the primary
outcome to the exercise target(s) may provide greater standardised mean differences
(SMDs) than using unmatched primary outcomes.
 
Objective
These secondary analyses of previous RCTs aimed to explore whether using a single
matched or composite outcome might impact the results of previous RCTs testing
exercise for NSLBP. The first objective was to explore whether a single matched
outcome generated a greater 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
combining the original primary outcome SMD.
 
Design, Setting and Participants
We conducted exploratory secondary analyses of data from 1) five RCTs (n=1,033)
that used an unmatched primary outcome but included (some) matched outcomes as
secondary outcomes, and 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
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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).
 
Conclusion
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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Dear Drs Chan and Heinemann, 

Thank you for considering the included manuscript for publication in the Archives of Physical 

Medicine and Rehabilitation. The paper is entitled:  

“Matching the outcomes to treatment targets of exercise for low back pain: does it make a 

difference? Results of secondary analyses from individual patient data of randomised controlled 

trials and pooling of results across trials in comparative meta-analyses.” 

Exercise is a core treatment for persistent non-specific low back pain, but the use of a single primary 

outcome may not be sufficient to capture the often multiple treatment targets identified within an 

exercise intervention. This paper describes the results of two secondary analyses of individual 

participant data from existing RCTs to explore whether firstly, matching the primary outcome to the 

identified treatment targets, and secondly, whether a composite matched outcome in comparison to 

the original primary outcome, may change the results and conclusions of existing RCTs in persistent 

non-specific low back pain. These results suggest that exercise prescribers and trial developers 

should consider the treatment targets of their exercise intervention when selecting the most 

appropriate outcome. 

I hereby certify that this paper consists of original, unpublished work which is not under 

consideration for publication elsewhere. All authors have read and confirmed that specified 

requirements for co-authorship are fulfilled. All authors are listed, and have contributed significantly 

to this work.  

 

Yours sincerely, 

Lianne Wood (on behalf of the author team) 
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Dear Dr Rundell,  

Ms. Ref. No.:  ARCHIVES-PMR-D-22-00146 

Title: Matching the outcomes to treatment targets of exercise for low back pain: does it 

make a difference? Results of secondary analyses from individual patient data of 

randomised controlled trials and pooling of results across trials in comparative meta-

analyses 

Archives of Physical Medicine and Rehabilitation 

 

We are very grateful for the constructive feedback provided by the editors and each of the 

external reviewers of this manuscript. We feel our manuscript has been improved as a 

result, and hope you will agree. We have addressed the Reviewers’ comments point-by-

point below. We provide a clean and a highlighted version to demonstrate changes in the 

revised manuscript. Our responses below are shown in blue to distinguish from the 

Reviewers comments. Page numbers mentioned in responses refer to the manuscript 

version with highlighted changes. 

We hope the revised manuscript is suitable for publication and look forward to hearing from 

you soon. 

 

Yours sincerely 

The author team 

 

  

Detailed Response to Reviewers



Reviewers' comments: 

 

 

Reviewer #1: Thank you for providing more clarity on the study as requested. The authors 

did a nice job of addressing/adding to the details in the methodology and analysis. 

In the Discussion - Implications for Clinicians and Researchers section, where it is stated: 

"We recommend that developers of exercise interventions consider logic models or 

programme development theory 36,37 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."... 

 

1. Can the authors expand on this in more simple terms and provide an example of this 

approach? I would imagine that most of the clinical readership, and even many researchers 

would know very little about what the authors are referring to here. 

Thank you for your comments. In response to this additional sentences have been added 

with an example figure to improve the understanding of the readership. “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.” (ln 379-388, page 17).  

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)

 
 

2. I would suggest being more specific in the tables with regard to the outcome of "Pain" - I 

appreciate that the authors are referring to Pain Intensity (VAS), rather than say Pain 

Interference, or Pain Behavior, however, I recommend being more complete/thorough. 

Likewise - for Physical Function, I am presuming this means self-reported/patient-reported 

physical function rather than observer-rated/physical capacity testing of physical function - 



but again, would suggest being more explicit between what is 'self-reported' and what is 

'physical capacity' based measures...as the tables are listed now, both of these forms of tests 

are intermingled in the list, and it would be more helpful to see these broken down into self-

reported measures and physical capacity measures. 

Thank you for this comment. To improve the ease of understanding the tables, we have 

separated self-reported outcome measures from objectively reported outcome measures, in 

Table 1. We have also clarified pain and physical function scores for all included trials in 

Tables 1, 2 and 3. Table 1 and 2 outcomes have been further clarified to distinguish between 

self-reported outcomes and objectively recorded outcomes to improve transparency.  

 

 

3. Reviewer #2: Thank you for addressing my original comments.  I have one further query. 

For Table 3 it appears for the Moffett et al 2006 trial the primary outcome and composites 

did not detect a significant change; however, it is reported in the final column that using the 

composite resulted in a change in results.  Could you please confirm this is correct? 

 

Many thanks for your comment and identifying this error! Table 3 has been amended to 

reflect that “no change” occurred in the results of the first two matched trials. This has also 
been reinforced in the accompanying text as follows: “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 two 25,28 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”(ln 232-240 page 11) 
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Title: Matching the outcomes to treatment targets of exercise for low back pain: does 1 

it make a difference? Results of secondary analyses from individual patient data of 2 

randomised controlled trials and pooling of results across trials in comparative meta-3 

analyses  4 

 5 

Abstract  6 

 7 

Objective  8 

To explore whether using a single matched or composite outcome might impact the 9 

results of previous randomised controlled trials (RCTs) testing exercise for non-10 

specific low back pain (NSLBP). The first objective was to explore whether a single 11 

matched outcome generated a greater standardised mean differences (SMD) when 12 

compared to the original unmatched primary outcome SMD. The second objective was 13 

to explore whether a composite measure, comprised of matched outcomes, generated 14 

a greater SMD when compared to the original primary outcome SMD. 15 

 16 

Design 17 

We conducted exploratory secondary analyses of data. 18 

 19 

Setting 20 

Seven RCTs were included, of which two were based in the USA (University research 21 

clinic, Veterans Affairs medical centre) and the UK (primary care clinics, nonmedical 22 

centres). One each were based in Norway (clinics), Brazil (primary care), and Japan 23 

(outpatient clinics).  24 

 25 

Manuscript without author identifiers-CLEAN VERSION Click here to view linked References



2 

 

Participants 26 

The first analysis comprised 1) five RCTs (n=1,033) that used an unmatched primary 27 

outcome but included (some) matched outcomes as secondary outcomes, and the 28 

second analysis comprised 2) four RCTs (n=864) that included multiple matched 29 

outcomes by developing composite outcomes.  30 

 31 

Intervention: 32 

Exercise compared to no exercise. 33 

 34 

Main Outcome Measures:  35 

The composite consisted of standardised averaged matched outcomes. All analyses 36 

replicated the RCTs’ primary outcome analyses.  37 

 38 

Results 39 

Of five RCTs, three had greater SMDs with matched outcomes (pooled effect SMD 40 

0.30 (95% CI 0.04, 0.56), p=0.02) compared to an unmatched primary outcome 41 

(pooled effect SMD 0.19 (95% CI -0.03, 0.40) p=0.09). Of four composite outcome 42 

analyses, three RCTs had greater SMDs in the composite outcome (pooled effect 43 

SMD 0.28 (95%CI 0.05, 0.51) p=0.02) compared to the primary outcome (pooled effect 44 

SMD 0.24 (95%CI -0.04, 0.53) p=0.10). 45 

 46 

Conclusions 47 

These exploratory analyses suggest that using an outcome matched to exercise 48 

treatment targets in NSLBP RCTs may produce greater SMDs than an unmatched 49 
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primary outcome. Composite outcomes could offer a meaningful way of investigating 50 

superiority of exercise than single domain outcomes.  51 

 52 

 53 

Key words: Low back pain, exercise, treatment targets, secondary analysis, 54 

randomised controlled trials, composite outcomes. 55 

 56 

  57 
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Abbreviations:  58 

NSLBP non-specific low back pain 59 

RCT  randomised controlled trial 60 

SMD  standardised mean difference 61 

ANOVA analysis of variance  62 

ANCOVA analysis of covariance 63 

WOMAC  Western Ontario and McMaster Universities Osteoarthritis Index 64 

 65 

Introduction  66 

 67 

Persistent non-specific low back pain (NSLBP) is the leading cause of disability 68 

globally,1,2 with an estimated 540 million people worldwide experiencing NSLBP.3 69 

Therapeutic exercise is the most widely recommended treatment for persistent 70 

NSLBP4,5 with moderate certainty evidence that it has clinically important benefits for 71 

pain but small benefits for function.6–9  72 

 73 

Exercise is a complex intervention with numerous components, such as biological,10 74 

psychological and social,11 as well as treatment interaction components.12 Therefore, 75 

there may be multiple potential treatment targets, where a treatment target is defined 76 

as the goal or intention the treatment aims to influence.13 Most  randomised controlled 77 

trials (RCTs) of exercise for persistent NSLBP do not specify their treatment targets.14 78 

Literature regarding RCT design stipulates that the primary outcome should match the 79 

rationale of the intervention,15,16 yet outcome measures are often selected based on 80 

core outcome domains17 and/or patient preference. A recent systematic review18 81 
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demonstrated that most (74%) of the included RCTs of exercise in persistent NSLBP 82 

used primary outcomes not reflective of the RCT’s specified exercise treatment targets. 83 

Further, most RCTs demonstrate only small differences between exercise and control 84 

arms,7 and therefore clinically important interventions may be overlooked, if these 85 

benefits are related to the selection of the primary outcome. 86 

 87 

In complex interventions, such as exercise, which frequently have more than one 88 

treatment target, the selection of a single primary outcome measure may be insufficient 89 

to capture the benefits that can be achieved.19 Watt et al.,19 suggest that nominating a 90 

single primary outcome in a RCT of a complex intervention may distort the overall 91 

purpose. Composite outcomes, including two or more component outcome domains,20 92 

may be more suitable than a single primary outcome in such RCTs, and may be better 93 

able to demonstrate the effects of complex interventions. In addition, more meaningful 94 

results of exercise RCTs for persistent NSLBP may be derived. However, due to the 95 

limited evidence on composite measures available for NSLBP, future research in this 96 

area has been recommended.21  97 

 98 

It is unknown whether using a matched primary outcome or composite outcome 99 

(comprised of the specified treatment targets) might alter the findings of previous 100 

RCTs.22 This secondary analysis aimed to explore whether using a single matched or 101 

composite outcome might impact the results of previous RCTs testing exercise for 102 

persistent NSLBP. The first objective was to explore whether a single outcome, 103 

matched to the identified exercise treatment targets, generated a greater standardised 104 

mean difference (SMD) when compared to the original unmatched primary outcome 105 
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SMD. The second objective was to explore whether a composite measure, comprised 106 

of more than one outcome matched to the identified exercise treatment targets, 107 

generated a greater SMD when compared to the original primary outcome SMD.  108 

 109 

 110 

Methods 111 

 112 

Design 113 

Exploratory secondary analyses of seven previous RCTs. A random effects meta-114 

analysis (generated with RevMan 5.3) was used to compare: i) the overall effect of 115 

using an unmatched primary outcome with the first reported matched outcome, and ii) 116 

the overall effect of using a single primary outcome (matched or unmatched) with a 117 

composite (matched) outcome.  118 

 119 

Data Source 120 

A recently completed systematic review of RCTs of exercise interventions compared 121 

to no exercise in persistent NSLBP18 informed the RCT sample for this study. 122 

Treatment targets were extracted verbatim from the RCT published texts, where it was 123 

clear the authors had described a rationale for how the exercise intervention was 124 

proposed to work, or what they had designed the exercise intervention to target. In the 125 

review, RCTs were categorised into: a matched group, where the primary outcome 126 

reflected one of the identified treatment targets; or an unmatched group, where the 127 

primary outcome did not reflect one of the identified treatment targets. The matching 128 

process was subjective and performed by pairs of independent reviewers, as described 129 
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in Wood et al.18 For each analysis, the authors of the identified RCTs were contacted 130 

and the dataset requested. The first analysis identified RCTs within the unmatched 131 

group that included secondary outcomes matched to the treatment targets. The second 132 

analysis identified RCTs within both the matched and unmatched groups, where more 133 

than one outcome reflected more than one stated exercise treatment target.  134 

 135 

 136 

Data Extraction 137 

Information pertinent to these analyses was extracted as part of the systematic review 138 

process18 by pairs of independent reviewers (see appendix 1). The stated treatment 139 

target(s) of the exercise intervention, the primary and secondary outcomes for each 140 

RCT, the outcomes that matched the stated exercise treatment targets, and the method 141 

of analysis performed on primary and secondary outcomes were extracted for each 142 

RCT (see Table 1).   143 

 144 

Data Analysis 145 

Both Analyses:  146 

SMDs and 95% confidence intervals were calculated for each primary and matched 147 

secondary outcome for between-arm differences at the primary outcome time-point 148 

designated by the trial authors, or if no primary time-point was specified by the authors, 149 

then the earliest time-point post-exercise-intervention. SMD statistics for all between-150 

arm differences were reported as intervention minus control: positive SMDs indicating 151 

higher values for the exercise intervention (lower for the control), and by contrast, 152 

negative SMDs indicating lower values for the intervention (higher for the control). 153 

Where some variables had point estimates scoring in the opposite direction to other 154 
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included variables, these were transformed so that all variables scored in the same 155 

direction.23,24  156 

 157 

For linear mixed models25–28 the data were transformed from wide to long format by 158 

transforming the variables to cases and computing a new variable consisting of all 159 

time-points relevant to that outcome. All outcomes of interest were converted to a 160 

standardised variable (standardised z-score). Initial analyses aimed to replicate the 161 

published data used for the primary outcome(s) and/or targeted secondary outcomes 162 

where possible to do so. The replicated analysis was applied to the matched 163 

secondary outcome(s). Linear mixed model analyses include all time-points available 164 

for the relevant outcome. Therefore values for all available time-points for the matched 165 

secondary outcomes were also used and reported25–28.  166 

 167 

Second Analysis Only: 168 

The second analysis created a composite outcome, comprised of multiple outcomes 169 

matched to the specified exercise treatment targets.  For the creation of the composite 170 

outcome, standardised composite outcomes were derived by computing a new 171 

variable of the mean of the standardised outcome scores, matched to the treatment 172 

targets, for each time-point.29 A further analysis was performed where two primary 173 

outcomes were specified, and both were matched to the treatment targets: a co-174 

primary composite was developed by creating a new variable of the mean of the 175 

standardised primary outcomes at each time point. Exploratory analysis compared the 176 

results of the first nominated primary outcome in comparison to a targeted composite 177 

outcome and the co-primary outcome composite. The method of analysis of between-178 



9 

 

arm standardised differences replicated the initial primary time-point analysis. All 179 

analyses used Statistical Package for Social Science (SPSS) Statistics 24. 180 

  181 
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Results 182 

 183 

A summary of dataset acquisition and analysis is displayed in Figure 1, and details of 184 

included trials are presented in Table 1.  185 

 186 

Figure 1: Processes of identification of suitable trials for inclusion and 187 

analysis 188 

Table 1: Included Trial Datasets  189 

 190 

First Analysis: The Difference between Matched and Unmatched Outcome SMDs  191 

In the first analysis, lead authors from five RCTs25,28,30–32 were contacted, and three 192 

datasets acquired. Two RCTs provided sufficient information within their published 193 

papers, resulting in five RCTs analysed (1,033 participants). Two RCTs compared 194 

yoga to usual care,30 and a waitlist control,28 three RCTs tested supervised exercise 195 

programs in comparison to a brief intervention32, a home exercise and manipulative 196 

arm25, and prescribed NSAIDS31.  197 

 198 

Of the five RCTs included, three had greater SMDs and statistical significance in 199 

favour of exercise compared to a control-arm when a matched secondary outcome 200 

was used in comparison to an unmatched primary outcome25,28,31 (see Table 2). Of 201 

the three full datasets analysed, two demonstrated larger, statistically significant 202 

effects in favour of exercise with at least one matched secondary outcome at the 203 

primary time-point(s), compared to an unmatched primary outcome25,28. The analysis 204 
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of Harris et al.32 did not demonstrate any statistically significant differences using any 205 

of the outcomes, but the use of the matched secondary outcome generated a greater 206 

SMD in favour of the exercise group than when using the unmatched primary outcome. 207 

The analysis of Tilbrook et al.30 was the only trial analysed to demonstrate greater 208 

between-arm differences when using an unmatched primary outcome.  209 

 210 

Table 2: First analysis results demonstrating the difference between matched 211 

and unmatched outcome SMDs 212 

 213 

The original results and secondary analyses of the five RCTs are summarised in Figure 214 

2: a pooled SMD of 0.19 (95% CI -0.03, 0.40; p=0.09) was seen for the unmatched 215 

primary outcome, in comparison to the SMD of 0.30 (95% CI 0.04, 0.56; p=0.02) for 216 

the first reported matched outcome. The subgroup differences (primary outcome 217 

compared to the first matched outcome) were not statistically significant (SMD 0.11; 218 

95% CI -0.34, 0.57; p=0.51).  219 

 220 

Figure 2: Forest plot to demonstrate the pooled effect of the SMD for unmatched 221 

primary outcomes in comparison to matched secondary outcomes 222 

 223 

Second Analysis: Composite SMD calculations in comparison to Primary Outcome 224 

SMDs 225 

In the second analysis, lead authors from seven RCTs25–28,33–35 were contacted, and 226 

four authors shared their datasets.25–28 Four RCTs were analysed (864 participants): 227 
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one  compared differing Pilates dosages plus advice versus advice alone,27 one 228 

compared yoga to a waitlist,28 one tested supervised exercise programs in a home 229 

exercise versus a manipulative arm,25 and one compared McKenzie exercises versus 230 

a physiotherapy intervention.26 The composite outcomes varied in composition with 231 

three composite outcomes formed of six outcomes25–27 and one composite comprised 232 

of three outcomes28. For example, Groessl et al.28 measured the outcomes of strength, 233 

flexibility and pain relief in their RCT which were matched to the treatment targets of 234 

increasing strength and flexibility and improving pain tolerance. Please see Table 3 for 235 

more detail regarding composition of composite outcomes.  236 

 237 

The composite analysis impacted the results of three of four RCTs,25,26,28 as seen in 238 

Table 3. Three of the four analyses showed results with the composite outcome 239 

variable that had greater SMDs in favour of the exercise intervention25,26,28, of which 240 

two25,28 were (more) statistically significant in comparison to the original RCTs’ primary 241 

outcome results. All analyses showed a smaller standard error when using the 242 

composite outcome. The use of the co-primary composite generated greater SMDs 243 

than the composite outcome. However, the co-primary composite generated greater 244 

SMDs (not statistically significant) than the primary outcome in one RCT,26 but this was 245 

not reproduced in the other RCT analysis.27 246 

 247 

Table 3: Second analysis results of composite SMD calculations compared to 248 

primary outcome SMDs 249 

 250 
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This is summarised in Figure 3 whereby a pooled SMD of 0.24 (95% CI -0.04, 0.53; 251 

p=0.10) was seen for the primary outcome in comparison to the SMD of 0.28 (95% CI 252 

0.05, 0.51; p=0.02) for the matched composite outcome. The subgroup differences 253 

(primary outcome compared to matched composite) were not statistically significant 254 

(SMD 0.03 (95% CI -0.13, 0.20) p=0.86).  255 

Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in 256 

comparison to composite outcome 257 

 258 

Discussion 259 

 260 

The results of these exploratory secondary analyses of previous RCTs of exercise for 261 

NSLBP suggest that it is possible that using a primary outcome matched to the 262 

treatment targets of exercise may generate greater SMDs than a single unmatched 263 

primary outcome. Further, using a composite outcome, matched to multiple exercise 264 

treatment targets, may give greater power to detect superiority of exercise over a non-265 

exercise control. In three of five RCTs, a single matched outcome measure generated 266 

a greater SMD than the original unmatched primary outcome SMD, and would impact 267 

the results of four RCTs. In two of four RCTs, a composite matched outcome would 268 

impact the results in favour of exercise versus control. Our analyses provide some 269 

support for matching the primary outcome to the treatment targets of the exercise 270 

intervention, and for considering the use of a composite outcome in comparison to a 271 

single outcome when multiple exercise targets are identified. Using a matched outcome 272 

may provide more clinically meaningful results, and will allow for identification of 273 

treatment interventions that may be more effective than previously supposed.  274 
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  275 

Treatment targets may be described as intermediate variables or surrogate outcomes, 276 

as they may sit on the pathway to a patient relevant outcome such as pain or function. 277 

However, this may not always be the case, and the treatment targets reported by the 278 

authors of these RCTs may not have been based on clear programme development 279 

theory or logic modelling.36,37 Many of the treatment targets identified by the RCT 280 

authors were captured by some of their outcomes, but there were no published 281 

intervention development or programme evaluation38 papers for any of the included 282 

RCTs within which to test the degree that these treatment targets were indeed the 283 

focus of their intervention. Thus, it is difficult to identify which of the treatment targets 284 

may have been prioritised, or which may have been changed by the exercise 285 

interventions. In exercise, where multiple treatment targets are common, it is 286 

challenging without clear intervention theory, to understand how the exercise 287 

intervention may have exerted its effect. Heneghan et al.39 caution against the use of 288 

surrogate outcomes as primary outcomes, without a clear understanding of the impact 289 

and effect of these upon patient-relevant outcomes. In the field of exercise and 290 

NSLBP, the effect surrogate outcomes have on important patient outcomes like pain, 291 

function and quality of life is poorly understood. Furthermore, there is a lack of 292 

understanding as to what mechanisms of effect underpin exercise interventions for 293 

NSLBP.40,41  294 

  295 

The results of these exploratory secondary data analyses provide some support for 296 

considering the use of a composite matched outcome rather than a single unmatched 297 

outcome in trials of exercise for NSLBP. The results contrast with those from Parkes et 298 

al.42 who compared a composite outcome (the Western Ontario and McMaster 299 
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Universities Osteoarthritis Index [WOMAC] score, pain and rescue medication) to a 300 

single outcome (WOMAC pain) in knee osteoarthritis. Their composite outcome 301 

demonstrated modest improvements in responsiveness when compared to WOMAC 302 

pain alone, but these were not statistically significant. While composite outcomes are 303 

uncommon as primary outcome measures in RCTs in the field of NSLBP, they are 304 

frequently used in cardiovascular medicine, and have both advantages and 305 

disadvantages. The use of a composite outcome can reduce the sample size,43,44 which 306 

is beneficial both for the recruitment period and associated costs of RCTs.45,46 307 

However, in cardiovascular disease when a composite outcome included the outcome 308 

measures of most importance to patients, composite outcomes were less likely to 309 

demonstrate a moderate treatment effect.46 Moreover, there is a risk of overestimation 310 

of treatment impact and effect when using composite outcomes if the component 311 

outcomes are not reported completely, leading to incorrect interpretation of the 312 

results.39 If the use of composite outcomes is to be considered in NSLBP, composite 313 

outcomes would need to be chosen based on sound rationale. Furthermore, all 314 

outcomes selected to be included in the composite should individually be expected to 315 

demonstrate an important effect, as any outcome that does not will dilute the overall 316 

effect. Hence, composites make sense if the targeted outcomes all contribute to an 317 

important treatment effect and are responsive to change. This proposal is supported 318 

by our results that show the co-primary (matched) analysis produced the overall highest 319 

SMDs (greater than the composite).  320 

 321 

Most RCTs of exercise for LBP appear to use a recommended core outcome domain47 322 

as a primary outcome.18 Core outcome domains are necessary to allow for comparison 323 

of results across multiple datasets, and are useful for combined evidence approaches 324 
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such as meta-analysis. However, the authors of the LBP core outcome set highlight 325 

that the agreed domains do not restrict measurement or the choice of primary outcome, 326 

but “mandate collection and reporting of the core outcome set alongside the outcomes 327 

of interest”.17 It could be argued that prioritising pain or back-related disability as the 328 

primary outcome domain in RCTs testing exercise for persistent NSLBP may not 329 

accurately reflect the benefits of exercise, if these outcome domains do not match the 330 

range of treatment targets of the intervention. The challenge of outcome measure 331 

selection is encapsulated by Coster et al.,48 “The ultimate value of a RCT …will be 332 

directly tied to how well the selected outcome measure matches the researcher’s 333 

understanding of what he or she expects to change, to what degree it is expected to 334 

change, over what period of time this change will happen and how that change can 335 

best be identified”. As exercise is a complex intervention with multiple potential 336 

treatment targets, there are multiple possible outcomes that could be used, but multiple 337 

outcomes should be interpreted with caution.49 The proposed treatment targets of the 338 

intervention should influence the selection of the primary outcome, from which the 339 

minimally important difference is used to calculate the sample size.49 Literature 340 

regarding RCT design stipulates that the primary outcome should match the rationale 341 

of the intervention.16,50 The results of this analysis suggest that matching the primary 342 

outcome to the treatment targets of the intervention may generate greater SMDs in 343 

favour of exercise, and that a composite outcome comprised of the most important 344 

treatment targets could generate greater SMDs with smaller standard errors in favour 345 

of exercise. A matched ‘targeted’ composite or single outcome may provide the RCT 346 

team with the best chance of detecting the benefits of exercise compared to a control 347 

or comparator, as well as providing a clear framework for future testing of how exercise 348 

may potentially achieve its effects. This may have clinical implications given we have 349 
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limited understanding of what components or targets of exercise are most influential in 350 

creating change in outcomes of importance.  351 

 352 

Strengths and Limitations 353 

 354 

This is the first study to explore the relationship between matched outcomes or 355 

composite outcomes and the treatment targets of the exercise intervention in RCT 356 

datasets of exercise for NSLBP. A strength of this study is the individual patient data 357 

acquisition of seven previously published RCTs which allowed secondary analysis of 358 

the data and generation of new composite variables. The analysis methods replicated 359 

the primary analysis method used by the trial teams of the individual RCTs, and this 360 

ensured the data were comparable, strengthening the results of this analysis. These 361 

RCTs were selected from a sample of RCTs included in a systematic review,18 which 362 

may have been subject to publication bias.  The main limitation is that this was an 363 

exploratory secondary analysis of a small number of RCT datasets. SMDs were chosen 364 

as a means to compare outcome estimates of different outcomes, but this may limit the 365 

interpretability of the results as the SMD can be highly influenced by the SD of the 366 

outcome data.51 367 

 368 

Implications for Clinicians and Researchers 369 

 370 

Greater SMDs in favour of exercise interventions in RCTs for persistent NSLBP may 371 

be derived from a combination of outcome measures rather than one alone in 372 

determining treatment success, similar to the approach in the field of osteoarthritis. 52,21 373 
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Greater SMD results may help to identify clinically meaningful treatments that may have 374 

previously been overlooked due to selection of an unmatched primary outcome. 375 

Validation of these results is required in a larger sample of exercise trials in NSLBP, 376 

and it would be interesting to explore the same issues for other complex interventions 377 

for NSLBP, and for other conditions. Clinicians and developers of exercise 378 

interventions may wish to consider what their exercise intervention targets, in order to 379 

select the most appropriate outcomes for that intervention. Further, it may be more 380 

beneficial for developers of RCT interventions to use a composite outcome comprised 381 

of the most important outcomes targeted to the intervention being tested. We 382 

recommend that developers of exercise interventions consider logic models or 383 

programme development theory36,37 in order to map and guide assessment of the 384 

mechanisms of action of their intervention, and the most likely outcomes to accurately 385 

measure the changes expected. Previous intervention development has been 386 

exemplified by Hurley et al.37 and Kjaer et al.53 who provided detailed descriptions of 387 

their self-management and exercise programs (please see Figure 4 as an example 388 

program model), including the ‘active’ components of the intervention, the proposed 389 

determinants of change and the corresponding outcomes to capture the intended 390 

change. It should be noted that we do not suggest all RCTs need to consider this level 391 

of intervention development. However, considering the trial intervention through a 392 

visual model can help to alleviate research waste by ensuring capture of the most 393 

important outcomes, and may contribute to future knowledge of how these 394 

interventions may work.  395 

Figure 4: An example program model of the GLA:D Back intervention, the 396 

proposed patient achievements and the outcomes through the GLA:D Back 397 
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program, and their theoretical links (reproduced from Kjaer et al.,53 with 398 

permission) 399 

 400 

Conclusion 401 

 402 

This study provides initial support that using i) a primary outcome matched to the 403 

treatment targets of the intervention may generate greater SMDs, and using ii) a 404 

composite outcome comprised of several outcomes matched to the exercise treatment 405 

targets, may generate greater SMDs and tighter estimates in favour of exercise 406 

interventions in comparison to a non-exercise arm in persistent NSLBP. Exercise 407 

prescribers and developers should consider the treatment targets of their intervention 408 

when selecting the most appropriate outcome(s).  409 

410 
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 569 

Figure 1: Processes of identification of suitable trials for inclusion and analysis 570 

Figure 2: Forest plot to demonstrate the pooled effect of the SMD for unmatched 571 

primary outcomes in comparison to matched secondary outcomes 572 

Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in 573 

comparison to composite outcome 574 

Figure 4: An example program model of the GLA:D Back intervention, the proposed 575 

patient achievements and the outcomes through the GLA:D Back program, and their 576 

theoretical links (reproduced from Kjaer et al., 2018, with permission) 577 
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Title: Matching the outcomes to treatment targets of exercise for low back pain: does 1 

it make a difference? Results of secondary analyses from individual patient data of 2 

randomised controlled trials and pooling of results across trials in comparative meta-3 

analyses  4 

 5 

Abstract  6 

 7 

Objective  8 

To explore whether using a single matched or composite outcome might impact the 9 

results of previous randomised controlled trials (RCTs) testing exercise for non-10 

specific low back pain (NSLBP). The first objective was to explore whether a single 11 

matched outcome generated a greater standardised mean differences (SMD) when 12 

compared to the original unmatched primary outcome SMD. The second objective was 13 

to explore whether a composite measure, comprised of matched outcomes, generated 14 

a greater SMD when compared to the original primary outcome SMD. 15 

 16 

Design 17 

We conducted exploratory secondary analyses of data. 18 

 19 

Setting 20 

Seven RCTs were included, of which two were based in the USA (University research 21 

clinic, Veterans Affairs medical centre) and the UK (primary care clinics, nonmedical 22 

centres). One each were based in Norway (clinics), Brazil (primary care), and Japan 23 

(outpatient clinics).  24 

 25 
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Participants 26 

The first analysis comprised 1) five RCTs (n=1,033) that used an unmatched primary 27 

outcome but included (some) matched outcomes as secondary outcomes, and the 28 

second analysis comprised 2) four RCTs (n=864) that included multiple matched 29 

outcomes by developing composite outcomes.  30 

 31 

Intervention: 32 

Exercise compared to no exercise. 33 

 34 

Main Outcome Measures:  35 

The composite consisted of standardised averaged matched outcomes. All analyses 36 

replicated the RCTs’ primary outcome analyses.  37 

 38 

Results 39 

Of five RCTs, three had greater SMDs with matched outcomes (pooled effect SMD 40 

0.30 (95% CI 0.04, 0.56), p=0.02) compared to an unmatched primary outcome 41 

(pooled effect SMD 0.19 (95% CI -0.03, 0.40) p=0.09). Of four composite outcome 42 

analyses, three RCTs had greater SMDs in the composite outcome (pooled effect 43 

SMD 0.28 (95%CI 0.05, 0.51) p=0.02) compared to the primary outcome (pooled effect 44 

SMD 0.24 (95%CI -0.04, 0.53) p=0.10). 45 

 46 

Conclusions 47 

These exploratory analyses suggest that using an outcome matched to exercise 48 

treatment targets in NSLBP RCTs may produce greater SMDs than an unmatched 49 
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primary outcome. Composite outcomes could offer a meaningful way of investigating 50 

superiority of exercise than single domain outcomes.  51 

 52 

Key words: Low back pain, exercise, treatment targets, secondary analysis, 53 

randomised controlled trials, composite outcomes. 54 

 55 

  56 
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Abbreviations:  57 

NSLBP non-specific low back pain 58 

RCT  randomised controlled trial 59 

SMD  standardised mean difference 60 

ANOVA analysis of variance  61 

ANCOVA analysis of covariance 62 

WOMAC  Western Ontario and McMaster Universities Osteoarthritis Index 63 

 64 

Introduction  65 

 66 

Persistent non-specific low back pain (NSLBP) is the leading cause of disability 67 

globally,1,2 with an estimated 540 million people worldwide experiencing NSLBP.3 68 

Therapeutic exercise is the most widely recommended treatment for persistent 69 

NSLBP4,5 with moderate certainty evidence that it has clinically important benefits for 70 

pain but small benefits for function.6–9  71 

 72 

Exercise is a complex intervention with numerous components, such as biological,10 73 

psychological and social,11 as well as treatment interaction components.12 Therefore, 74 

there may be multiple potential treatment targets, where a treatment target is defined 75 

as the goal or intention the treatment aims to influence.13 Most  randomised controlled 76 

trials (RCTs) of exercise for persistent NSLBP do not specify their treatment targets.14 77 

Literature regarding RCT design stipulates that the primary outcome should match the 78 

rationale of the intervention,15,16 yet outcome measures are often selected based on 79 

core outcome domains17 and/or patient preference. A recent systematic review18 80 
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demonstrated that most (74%) of the included RCTs of exercise in persistent NSLBP 81 

used primary outcomes not reflective of the RCT’s specified exercise treatment targets. 82 

Further, most RCTs demonstrate only small differences between exercise and control 83 

arms,7 and therefore clinically important interventions may be overlooked, if these 84 

benefits are related to the selection of the primary outcome. 85 

 86 

In complex interventions, such as exercise, which frequently have more than one 87 

treatment target, the selection of a single primary outcome measure may be insufficient 88 

to capture the benefits that can be achieved.19 Watt et al.,19 suggest that nominating a 89 

single primary outcome in a RCT of a complex intervention may distort the overall 90 

purpose. Composite outcomes, including two or more component outcome domains,20 91 

may be more suitable than a single primary outcome in such RCTs, and may be better 92 

able to demonstrate the effects of complex interventions. In addition, more meaningful 93 

results of exercise RCTs for persistent NSLBP may be derived. However, due to the 94 

limited evidence on composite measures available for NSLBP, future research in this 95 

area has been recommended.21  96 

 97 

It is unknown whether using a matched primary outcome or composite outcome 98 

(comprised of the specified treatment targets) might alter the findings of previous 99 

RCTs.22 This secondary analysis aimed to explore whether using a single matched or 100 

composite outcome might impact the results of previous RCTs testing exercise for 101 

persistent NSLBP. The first objective was to explore whether a single outcome, 102 

matched to the identified exercise treatment targets, generated a greater standardised 103 

mean difference (SMD) when compared to the original unmatched primary outcome 104 
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SMD. The second objective was to explore whether a composite measure, comprised 105 

of more than one outcome matched to the identified exercise treatment targets, 106 

generated a greater SMD when compared to the original primary outcome SMD.  107 

 108 

 109 

Methods 110 

 111 

Design 112 

Exploratory secondary analyses of seven previous RCTs. A random effects meta-113 

analysis (generated with RevMan 5.3) was used to compare: i) the overall effect of 114 

using an unmatched primary outcome with the first reported matched outcome, and ii) 115 

the overall effect of using a single primary outcome (matched or unmatched) with a 116 

composite (matched) outcome.  117 

 118 

Data Source 119 

A recently completed systematic review of RCTs of exercise interventions compared 120 

to no exercise in persistent NSLBP18 informed the RCT sample for this study. 121 

Treatment targets were extracted verbatim from the RCT published texts, where it was 122 

clear the authors had described a rationale for how the exercise intervention was 123 

proposed to work, or what they had designed the exercise intervention to target. In the 124 

review, RCTs were categorised into: a matched group, where the primary outcome 125 

reflected one of the identified treatment targets; or an unmatched group, where the 126 

primary outcome did not reflect one of the identified treatment targets. The matching 127 

process was subjective and performed by pairs of independent reviewers, as described 128 
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in Wood et al.18 For each analysis, the authors of the identified RCTs were contacted 129 

and the dataset requested. The first analysis identified RCTs within the unmatched 130 

group that included secondary outcomes matched to the treatment targets. The second 131 

analysis identified RCTs within both the matched and unmatched groups, where more 132 

than one outcome reflected more than one stated exercise treatment target.  133 

 134 

 135 

Data Extraction 136 

Information pertinent to these analyses was extracted as part of the systematic review 137 

process18 by pairs of independent reviewers (see appendix 1). The stated treatment 138 

target(s) of the exercise intervention, the primary and secondary outcomes for each 139 

RCT, the outcomes that matched the stated exercise treatment targets, and the method 140 

of analysis performed on primary and secondary outcomes were extracted for each 141 

RCT (see Table 1).   142 

 143 

Data Analysis 144 

Both Analyses:  145 

SMDs and 95% confidence intervals were calculated for each primary and matched 146 

secondary outcome for between-arm differences at the primary outcome time-point 147 

designated by the trial authors, or if no primary time-point was specified by the authors, 148 

then the earliest time-point post-exercise-intervention. SMD statistics for all between-149 

arm differences were reported as intervention minus control: positive SMDs indicating 150 

higher values for the exercise intervention (lower for the control), and by contrast, 151 

negative SMDs indicating lower values for the intervention (higher for the control). 152 

Where some variables had point estimates scoring in the opposite direction to other 153 
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included variables, these were transformed so that all variables scored in the same 154 

direction.23,24  155 

 156 

For linear mixed models25–28 the data were transformed from wide to long format by 157 

transforming the variables to cases and computing a new variable consisting of all 158 

time-points relevant to that outcome. All outcomes of interest were converted to a 159 

standardised variable (standardised z-score). Initial analyses aimed to replicate the 160 

published data used for the primary outcome(s) and/or targeted secondary outcomes 161 

where possible to do so. The replicated analysis was applied to the matched 162 

secondary outcome(s). Linear mixed model analyses include all time-points available 163 

for the relevant outcome. Therefore values for all available time-points for the matched 164 

secondary outcomes were also used and reported25–28.  165 

 166 

Second Analysis Only: 167 

The second analysis created a composite outcome, comprised of multiple outcomes 168 

matched to the specified exercise treatment targets.  For the creation of the composite 169 

outcome, standardised composite outcomes were derived by computing a new 170 

variable of the mean of the standardised outcome scores, matched to the treatment 171 

targets, for each time-point.29 A further analysis was performed where two primary 172 

outcomes were specified, and both were matched to the treatment targets: a co-173 

primary composite was developed by creating a new variable of the mean of the 174 

standardised primary outcomes at each time point. Exploratory analysis compared the 175 

results of the first nominated primary outcome in comparison to a targeted composite 176 

outcome and the co-primary outcome composite. The method of analysis of between-177 
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arm standardised differences replicated the initial primary time-point analysis. All 178 

analyses used Statistical Package for Social Science (SPSS) Statistics 24. 179 

  180 
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Results 181 

 182 

A summary of dataset acquisition and analysis is displayed in Figure 1, and details of 183 

included trials are presented in Table 1.  184 

 185 

Figure 1: Processes of identification of suitable trials for inclusion and 186 

analysis 187 

Table 1: Included Trial Datasets  188 

 189 

First Analysis: The Difference between Matched and Unmatched Outcome SMDs  190 

In the first analysis, lead authors from five RCTs25,28,30–32 were contacted, and three 191 

datasets acquired. Two RCTs provided sufficient information within their published 192 

papers, resulting in five RCTs analysed (1,033 participants). Two RCTs compared 193 

yoga to usual care,30 and a waitlist control,28 three RCTs tested supervised exercise 194 

programs in comparison to a brief intervention32, a home exercise and manipulative 195 

arm25, and prescribed NSAIDS31.  196 

 197 

Of the five RCTs included, three had greater SMDs and statistical significance in 198 

favour of exercise compared to a control-arm when a matched secondary outcome 199 

was used in comparison to an unmatched primary outcome25,28,31 (see Table 2). Of 200 

the three full datasets analysed, two demonstrated larger, statistically significant 201 

effects in favour of exercise with at least one matched secondary outcome at the 202 

primary time-point(s), compared to an unmatched primary outcome25,28. The analysis 203 
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of Harris et al.32 did not demonstrate any statistically significant differences using any 204 

of the outcomes, but the use of the matched secondary outcome generated a greater 205 

SMD in favour of the exercise group than when using the unmatched primary outcome. 206 

The analysis of Tilbrook et al.30 was the only trial analysed to demonstrate greater 207 

between-arm differences when using an unmatched primary outcome.  208 

 209 

Table 2: First analysis results demonstrating the difference between matched 210 

and unmatched outcome SMDs 211 

 212 

The original results and secondary analyses of the five RCTs are summarised in Figure 213 

2: a pooled SMD of 0.19 (95% CI -0.03, 0.40; p=0.09) was seen for the unmatched 214 

primary outcome, in comparison to the SMD of 0.30 (95% CI 0.04, 0.56; p=0.02) for 215 

the first reported matched outcome. The subgroup differences (primary outcome 216 

compared to the first matched outcome) were not statistically significant (SMD 0.11; 217 

95% CI -0.34, 0.57; p=0.51).  218 

 219 

Figure 2: Forest plot to demonstrate the pooled effect of the SMD for unmatched 220 

primary outcomes in comparison to matched secondary outcomes 221 

 222 

Second Analysis: Composite SMD calculations in comparison to Primary Outcome 223 

SMDs 224 

In the second analysis, lead authors from seven RCTs25–28,33–35 were contacted, and 225 

four authors shared their datasets.25–28 Four RCTs were analysed (864 participants): 226 
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one  compared differing Pilates dosages plus advice versus advice alone,27 one 227 

compared yoga to a waitlist,28 one tested supervised exercise programs in a home 228 

exercise versus a manipulative arm,25 and one compared McKenzie exercises versus 229 

a physiotherapy intervention.26 The composite outcomes varied in composition with 230 

three composite outcomes formed of six outcomes25–27 and one composite comprised 231 

of three outcomes28. For example, Groessl et al.28 measured the outcomes of strength, 232 

flexibility and pain relief in their RCT which were matched to the treatment targets of 233 

increasing strength and flexibility and improving pain tolerance. Please see Table 3 for 234 

more detail regarding composition of composite outcomes.  235 

 236 

The composite analysis impacted the results of three of four RCTs,25,26,28 as seen in 237 

Table 3. Three of the four analyses showed results with the composite outcome 238 

variable that had greater SMDs in favour of the exercise intervention25,26,28, of which 239 

two25,28 were (more) statistically significant in comparison to the original RCTs’ primary 240 

outcome results. All analyses showed a smaller standard error when using the 241 

composite outcome. The use of the co-primary composite generated greater SMDs 242 

than the composite outcome. However, the co-primary composite generated greater 243 

SMDs (not statistically significant) than the primary outcome in one RCT,26 but this was 244 

not reproduced in the other RCT analysis.27 245 

 246 

Table 3: Second analysis results of composite SMD calculations compared to 247 

primary outcome SMDs 248 

 249 
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This is summarised in Figure 3 whereby a pooled SMD of 0.24 (95% CI -0.04, 0.53; 250 

p=0.10) was seen for the primary outcome in comparison to the SMD of 0.28 (95% CI 251 

0.05, 0.51; p=0.02) for the matched composite outcome. The subgroup differences 252 

(primary outcome compared to matched composite) were not statistically significant 253 

(SMD 0.03 (95% CI -0.13, 0.20) p=0.86).  254 

Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in 255 

comparison to composite outcome 256 

 257 

Discussion 258 

 259 

The results of these exploratory secondary analyses of previous RCTs of exercise for 260 

NSLBP suggest that it is possible that using a primary outcome matched to the 261 

treatment targets of exercise may generate greater SMDs than a single unmatched 262 

primary outcome. Further, using a composite outcome, matched to multiple exercise 263 

treatment targets, may give greater power to detect superiority of exercise over a non-264 

exercise control. In three of five RCTs, a single matched outcome measure generated 265 

a greater SMD than the original unmatched primary outcome SMD, and would impact 266 

the results of four RCTs. In two of four RCTs, a composite matched outcome would 267 

impact the results in favour of exercise versus control. Our analyses provide some 268 

support for matching the primary outcome to the treatment targets of the exercise 269 

intervention, and for considering the use of a composite outcome in comparison to a 270 

single outcome when multiple exercise targets are identified. Using a matched outcome 271 

may provide more clinically meaningful results, and will allow for identification of 272 

treatment interventions that may be more effective than previously supposed.  273 
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  274 

Treatment targets may be described as intermediate variables or surrogate outcomes, 275 

as they may sit on the pathway to a patient relevant outcome such as pain or function. 276 

However, this may not always be the case, and the treatment targets reported by the 277 

authors of these RCTs may not have been based on clear programme development 278 

theory or logic modelling.36,37 Many of the treatment targets identified by the RCT 279 

authors were captured by some of their outcomes, but there were no published 280 

intervention development or programme evaluation38 papers for any of the included 281 

RCTs within which to test the degree that these treatment targets were indeed the 282 

focus of their intervention. Thus, it is difficult to identify which of the treatment targets 283 

may have been prioritised, or which may have been changed by the exercise 284 

interventions. In exercise, where multiple treatment targets are common, it is 285 

challenging without clear intervention theory, to understand how the exercise 286 

intervention may have exerted its effect. Heneghan et al.39 caution against the use of 287 

surrogate outcomes as primary outcomes, without a clear understanding of the impact 288 

and effect of these upon patient-relevant outcomes. In the field of exercise and 289 

NSLBP, the effect surrogate outcomes have on important patient outcomes like pain, 290 

function and quality of life is poorly understood. Furthermore, there is a lack of 291 

understanding as to what mechanisms of effect underpin exercise interventions for 292 

NSLBP.40,41  293 

  294 

The results of these exploratory secondary data analyses provide some support for 295 

considering the use of a composite matched outcome rather than a single unmatched 296 

outcome in trials of exercise for NSLBP. The results contrast with those from Parkes et 297 

al.42 who compared a composite outcome (the Western Ontario and McMaster 298 
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Universities Osteoarthritis Index [WOMAC] score, pain and rescue medication) to a 299 

single outcome (WOMAC pain) in knee osteoarthritis. Their composite outcome 300 

demonstrated modest improvements in responsiveness when compared to WOMAC 301 

pain alone, but these were not statistically significant. While composite outcomes are 302 

uncommon as primary outcome measures in RCTs in the field of NSLBP, they are 303 

frequently used in cardiovascular medicine, and have both advantages and 304 

disadvantages. The use of a composite outcome can reduce the sample size,43,44 which 305 

is beneficial both for the recruitment period and associated costs of RCTs.45,46 306 

However, in cardiovascular disease when a composite outcome included the outcome 307 

measures of most importance to patients, composite outcomes were less likely to 308 

demonstrate a moderate treatment effect.46 Moreover, there is a risk of overestimation 309 

of treatment impact and effect when using composite outcomes if the component 310 

outcomes are not reported completely, leading to incorrect interpretation of the 311 

results.39 If the use of composite outcomes is to be considered in NSLBP, composite 312 

outcomes would need to be chosen based on sound rationale. Furthermore, all 313 

outcomes selected to be included in the composite should individually be expected to 314 

demonstrate an important effect, as any outcome that does not will dilute the overall 315 

effect. Hence, composites make sense if the targeted outcomes all contribute to an 316 

important treatment effect and are responsive to change. This proposal is supported 317 

by our results that show the co-primary (matched) analysis produced the overall highest 318 

SMDs (greater than the composite).  319 

 320 

Most RCTs of exercise for LBP appear to use a recommended core outcome domain47 321 

as a primary outcome.18 Core outcome domains are necessary to allow for comparison 322 

of results across multiple datasets, and are useful for combined evidence approaches 323 
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such as meta-analysis. However, the authors of the LBP core outcome set highlight 324 

that the agreed domains do not restrict measurement or the choice of primary outcome, 325 

but “mandate collection and reporting of the core outcome set alongside the outcomes 326 

of interest”.17 It could be argued that prioritising pain or back-related disability as the 327 

primary outcome domain in RCTs testing exercise for persistent NSLBP may not 328 

accurately reflect the benefits of exercise, if these outcome domains do not match the 329 

range of treatment targets of the intervention. The challenge of outcome measure 330 

selection is encapsulated by Coster et al.,48 “The ultimate value of a RCT …will be 331 

directly tied to how well the selected outcome measure matches the researcher’s 332 

understanding of what he or she expects to change, to what degree it is expected to 333 

change, over what period of time this change will happen and how that change can 334 

best be identified”. As exercise is a complex intervention with multiple potential 335 

treatment targets, there are multiple possible outcomes that could be used, but multiple 336 

outcomes should be interpreted with caution.49 The proposed treatment targets of the 337 

intervention should influence the selection of the primary outcome, from which the 338 

minimally important difference is used to calculate the sample size.49 Literature 339 

regarding RCT design stipulates that the primary outcome should match the rationale 340 

of the intervention.16,50 The results of this analysis suggest that matching the primary 341 

outcome to the treatment targets of the intervention may generate greater SMDs in 342 

favour of exercise, and that a composite outcome comprised of the most important 343 

treatment targets could generate greater SMDs with smaller standard errors in favour 344 

of exercise. A matched ‘targeted’ composite or single outcome may provide the RCT 345 

team with the best chance of detecting the benefits of exercise compared to a control 346 

or comparator, as well as providing a clear framework for future testing of how exercise 347 

may potentially achieve its effects. This may have clinical implications given we have 348 



17 

 

limited understanding of what components or targets of exercise are most influential in 349 

creating change in outcomes of importance.  350 

 351 

Strengths and Limitations 352 

 353 

This is the first study to explore the relationship between matched outcomes or 354 

composite outcomes and the treatment targets of the exercise intervention in RCT 355 

datasets of exercise for NSLBP. A strength of this study is the individual patient data 356 

acquisition of seven previously published RCTs which allowed secondary analysis of 357 

the data and generation of new composite variables. The analysis methods replicated 358 

the primary analysis method used by the trial teams of the individual RCTs, and this 359 

ensured the data were comparable, strengthening the results of this analysis. These 360 

RCTs were selected from a sample of RCTs included in a systematic review,18 which 361 

may have been subject to publication bias.  The main limitation is that this was an 362 

exploratory secondary analysis of a small number of RCT datasets. SMDs were chosen 363 

as a means to compare outcome estimates of different outcomes, but this may limit the 364 

interpretability of the results as the SMD can be highly influenced by the SD of the 365 

outcome data.51 366 

 367 

Implications for Clinicians and Researchers 368 

 369 

Greater SMDs in favour of exercise interventions in RCTs for persistent NSLBP may 370 

be derived from a combination of outcome measures rather than one alone in 371 

determining treatment success, similar to the approach in the field of osteoarthritis. 372 
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52,21 Greater SMD results may help to identify clinically meaningful treatments that 373 

may have previously been overlooked due to selection of an unmatched primary 374 

outcome. Validation of these results is required in a larger sample of exercise trials in 375 

NSLBP, and it would be interesting to explore the same issues for other complex 376 

interventions for NSLBP, and for other conditions. Clinicians and developers of 377 

exercise interventions may wish to consider what their exercise intervention targets, 378 

in order to select the most appropriate outcomes for that intervention. Further, it may 379 

be more beneficial for developers of RCT interventions to use a composite outcome 380 

comprised of the most important outcomes targeted to the intervention being tested. 381 

We recommend that developers of exercise interventions consider logic models or 382 

programme development theory36,37 in order to map and guide assessment of the 383 

mechanisms of action of their intervention, and the most likely outcomes to 384 

accurately measure the changes expected. Previous intervention development has 385 

been exemplified by Hurley et al.37 and Kjaer et al.53 who provided detailed 386 

descriptions of their self-management and exercise programs (please see Figure 4 387 

as an example program model), including the ‘active’ components of the intervention, 388 

the proposed determinants of change and the corresponding outcomes to capture 389 

the intended change. It should be noted that we do not suggest all RCTs need to 390 

consider this level of intervention development.  However, considering the trial 391 

intervention through a visual model can help to alleviate research waste by ensuring 392 

capture of the most important outcomes, and may contribute to future knowledge of 393 

how these interventions may work. 394 

Figure 4: An example program model of the GLA:D Back intervention, the 395 

proposed patient achievements and the outcomes through the GLA:D Back 396 



19 

 

program, and their theoretical links (reproduced from Kjaer et al.53 with 397 

permission) 398 

 399 

Conclusion 400 

 401 

This study provides initial support that using i) a primary outcome matched to the 402 

treatment targets of the intervention may generate greater SMDs, and using ii) a 403 

composite outcome comprised of several outcomes matched to the exercise treatment 404 

targets, may generate greater SMDs and tighter estimates in favour of exercise 405 

interventions in comparison to a non-exercise arm in persistent NSLBP. Exercise 406 

prescribers and developers should consider the treatment targets of their intervention 407 

when selecting the most appropriate outcome(s).  408 

409 
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Figure 1: Processes of identification of suitable trials for inclusion and analysis 569 

Figure 2: Forest plot to demonstrate the pooled effect of the SMD for unmatched 570 

primary outcomes in comparison to matched secondary outcomes 571 

Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in 572 

comparison to composite outcome 573 

Figure 4: An example program model of the GLA:D Back intervention, the proposed 574 

patient achievements and the outcomes through the GLA:D Back program, and their 575 

theoretical links (reproduced from Kjaer et al., 2018, with permission) 576 
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Figure 1: Process of identification of suitable trials for inclusion and process of analysis 
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Figure 2: Forest plot to demonstrate the pooled effect of the SMD for unmatched primary 

outcomes in comparison to matched secondary outcomes 

 

Std. is standard as part of SMD, SE is the standard error, IV is inverse variance, CI is 

confidence interval. 

Figure Click here to access/download;Figure;Figure 2.pdf



Figure 3: Summary plot to demonstrate pooled SMD of primary outcome in comparison to 

composite outcome 

 

Std. represents standard as part of SMD, SE is standard error, IV is inverse variance, CI is confidence interval.  

 

 

Figure Click here to access/download;Figure;Figure 3.pdf



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)

Figure Click here to access/download;Figure;Figure 4.pdf



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 

F
IR

S
T

 A
N

A
L

Y
S

IS
 

 Shirado 

et al., 

20111 

Exercise NSAIDs Increasing 

overall 

physical 

activity; 

spinal 

mobility 

Self-

reported: 

Pain 

intensity 

(VAS), 

Physical 

function 

(RMDQ) 

and 

Health-

related 

Objectively 

recorded: 

Flexibility 

(finger floor 

distance) 

8 weeks 

Only SMD analysis 

performed  

Table Click here to access/download;Table;Table 1 Included Trial Datasets.docx



quality of 

life (JLEQ) 

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 

intervent

ion 

Fear 

avoidance 

and 

movement 

phobia; re-

establish 

normal 

movement 

patterns 

Objectively 

recorded: 

Increased 

work 

participatio

n – 

change 

form full-

time sick 

Self-reported: 

Fear-

avoidance 

behaviours 

(Fear-

Avoidance 

Beliefs 

Questionnaire

) 

12 

months 

Difference

s between 

groups 

were 

measured 

with chi-

square 

tests for 

each of 

ANOVA 



leave to 

partial sick 

leave or 

full return 

to work  

 the 12 

months 
S

E
C

O
N

D
 A

N
A

L
Y

S
IS

 

Bronfort 

et al., 

20114 

Supervised 

exercise 

Spinal 

manipul

ation 

(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 

12 

weeks* 

Analysis 

of 

covarianc

e 

(ANCOVA

) for 

difference

s between 

the three 

groups 

and linear 

Change 

scores for 

trunk 

performanc

e 

measures 

were used 

and then 

analysed 

for group 

differences 



strength 

(flexion, 

extension). 

mixed-

model  

with 

analysis of 

variance 

(ANOVA) 

S
E

C
O

N
D

 A
N

A
L

Y
S

IS
 

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 

12 weeks Linear mixed-model  



strength 

(prone and 

supine 

bridge) (not 

reported in 

RCT paper) 

 Miyamot

o 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 

Self-

reported: 

Pain 

intensity 

(NRS), 

Physical 

function 

(RMDQ)  

Self-reported:  

Physical 

Function 

(PSFS),  

Global 

Perceived 

Effect, 

Catastrophizi

ng (PCS), 

Kinesiophobi

6 weeks Liner mixed-model 



catastrophisi

ng and 

kinesiophobia 

a (TSK), 

Health-

related 

Quality of Life 

(HRQoL) 

(SF6D) 

 Moffett 

et al., 

20067 

McKenzie 

exercise  

Solution 

finding 

approac

h 

Fear of 

physical 

activity; 

relieve pain; 

reduce 

anxiety and 

depression; 

help them 

take control 

of their 

Self-

reported:  

Fear 

avoidance 

(TSK),  

Physical 

function 

(RMDQ) 

Self-reported:  

Health control 

(Multidimensi

onal health 

locus of 

control),  

Self-efficacy 

(PSEQ), 

Anxiety and 

6 weeks* Linear mixed-model 



situation; 

enable the 

individual to 

cope better; 

return to their 

normal 

activities 

sooner; 

prevent long-

term disability 

Depression 

(HADS) 

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.  



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) 

A
n

a
ly

s
is

 M
e

th
o

d
 

Shirado et 

al., 201030 

Exercise vs 

NSAIDS 

Pain intensity 0.17 (-0.12, 0.47) 

P
ub

lis
he

d 
D

at
a 

  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) 

Li
ne

ar
 M

ix
ed

 M
od

el
 

  Static endurance 

flexion* 

0.55 (0.32, 0.79) 

  Static endurance 

extension* 

0.31 (0.09, 0.52) 
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  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) 

A
N

C
O

V
A

 

  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) 

Li
ne

ar
 M

ix
ed

 

M
d

l

  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) 

C
hi

2  

  Fear avoidance (work) -0.29 (-0.64, 

0.06) 

A
N

O
V

A
   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.  

 



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 
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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. 
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CONSORT 2010 checklist  Page 1 

CONSORT 2010 checklist of information to include when reporting a randomised trial* 
 

Section/Topic 
Item 
No Checklist item 

Reported 
on page No 

Title and abstract 

 1a Identification as a randomised trial in the title 1 
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 1,2 

Introduction 

Background and 
objectives 

2a Scientific background and explanation of rationale 3,4 
2b Specific objectives or hypotheses 4,5 

Methods 

Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 5,8, 9,10 
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons NA 

Participants 4a Eligibility criteria for participants 5 
4b Settings and locations where the data were collected NA 

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 
actually administered 

NA 

Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 
were assessed 

5,6 

6b Any changes to trial outcomes after the trial commenced, with reasons NA 
Sample size 7a How sample size was determined NA 

7b When applicable, explanation of any interim analyses and stopping guidelines NA 
Randomisation:    
 Sequence 

generation 
8a Method used to generate the random allocation sequence NA 
8b Type of randomisation; details of any restriction (such as blocking and block size) NA 

 Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 
describing any steps taken to conceal the sequence until interventions were assigned 

 

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 
interventions 

NA 

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those NA 

CONSORT Checklist for Randomized Controlled Trials



CONSORT 2010 checklist  Page 2 

assessing outcomes) and how 
11b If relevant, description of the similarity of interventions 8,9,10 

Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes 6,7 
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 6,7 

Results 

Participant flow (a 
diagram is strongly 
recommended) 

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 
were analysed for the primary outcome 

8, figure 1,  

13b For each group, losses and exclusions after randomisation, together with reasons NA 
Recruitment 14a Dates defining the periods of recruitment and follow-up NA 

14b Why the trial ended or was stopped NA 
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group NA 
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 

by original assigned groups 
Figure 2 

Outcomes and 
estimation 

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 
precision (such as 95% confidence interval) 

Figure 2, 3 

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended NA 
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 

pre-specified from exploratory 
NA 

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) NA 

Discussion 

Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 14 
Generalisability 21 Generalisability (external validity, applicability) of the trial findings 15 
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 15 

Other information  

Registration 23 Registration number and name of trial registry Title page 
Protocol 24 Where the full trial protocol can be accessed, if available NA 
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders Title page 

 

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also 

recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org. 

http://www.consort-statement.org/
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