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Abstract

Cognitive Functional Therapy (CFT) is a physiotherapist-led individualised intervention for
people with people with non-specific chronic low back pain (CLBP), involving biopsychosocial
pain education, graded movement exposure and lifestyle coaching. A multicentre randomised
controlled trial (RCT), including 206 participants with CLBP in Ireland, supported CFT’s
effectiveness for reducing disability, but not pain, compared to a group exercise and education
intervention. In this study, causal mediation analysis was used to determine whether the effect of
CFT on disability and the lack of effect on pain (relative to a group exercise and education
intervention) is mediated by certain psychological and lifestyle factors. Hypothesised mediators
measured were pain self-efficacy, stress, fear of physical activity, coping, depression, anxiety, and
sleep, at 6 months. The outcomes measured were functional disability and pain intensity at 12
months. This causal mediation study shows that the majority of benefit of CFT (relative to a group
exercise and education intervention) for disability is due to increasing pain self-efficacy. CFT did
not improve the majority of the hypothesised mediators (stress, fear of physical activity, coping,
depression, anxiety and sleep) and these mediators were not associated with either disability or
pain. Unfortunately, the proportion of missing data in this study is substantial and these findings
can only be considered hypothesis-generating. Therefore, future research should examine
replicating the results of this study to verify the role of self-efficacy and other proposed mediators

(e.g. stress, coping, sleep, fear) on clinical outcomes.
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Statement of Significance

e An exploration of seven potential mediators was undertaken to determine the effect of
Cognitive Functional Therapy (CFT) on disability and pain intensity in individuals
with chronic low back pain compared to a group exercise and education intervention.

o CFT improved pain self-efficacy, which was associated with disability and pain
outcomes. CFT did not improve the other six potential mediators (stress, fear of
physical activity, coping, depression, anxiety and sleep) and these were not associated
with disability or pain.

e The proportion of missing data in this study is substantial and these findings should be

considered hypothesis-generating only.
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1. Introduction

Cognitive Functional Therapy (CFT) is an individualised multidimensional approach
involving biopsychosocial pain education, graded movement exposure and lifestyle coaching.
[29] CFT was designed to help physiotherapists individualise the management of people with
non-specific chronic low back pain (CLBP). [29] The aim of CFT is to build self-efficacy to
break the cycle of pain and disability, to help individuals self-manage their CLBP. [29]
However, since it is a multi-component intervention, several different variables have been

hypothesised to underlie how CFT may exert its potential effect on pain and disability.

There is clinical trial evidence to support the effectiveness of CFT for improving clinical
outcomes in individuals with CLBP. [27; 39; 40] The first randomised clinical trial (RCT)
[39; 40] demonstrated superior effects for CFT on pain and disability over physiotherapist-led
manual therapy and exercise in individuals with CLBP at 3 and 12 months, and on disability
but not pain at 36 months follow-up. The second RCT [27] demonstrated a superior effect for
CFT on disability compared to a group exercise and education intervention at 6 and 12
months follow-up, but did not to show a superior effect on pain at any of these time points.
Evaluating the mechanisms underlying the effect of CFT could provide important
information. Where CFT is effective, a mechanism evaluation could reveal whether a
hypothesised mediator (e.g. self-efficacy) explained much of the effect. Where CFT is
ineffective, a mechanistic evaluation would reveal where the hypothesised mechanism broke
down [14; 19], and potentially where the intervention needs to be strengthened.

Causal mediation analysis is one method to identify and quantify the mechanisms that
underlie the effects of interventions. [17; 19; 24] A mediation analysis quantifies causal
mechanisms by dividing the causal effect of the intervention on the outcome into the indirect
effect (the effect which acts through a hypothesised mediator) and direct effect (total effect
minus the indirect effect). [17] Available mediation analyses have shown that interventions
including exercise [34], graded exposure, graded activity [21], cognitive behavioural therapy
[34], the STarT back approach, [23] and multidisciplinary treatment, [35] can reduce
disability and pain in individuals with CLBP, through changes in catastrophising [11; 21; 23;
34; 35], pain-self-efficacy, pain-related stress and pain intensity. [23; 34; 35] While a number
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of mediation trials for CLBP have been conducted, [20] none have specifically involved the

analysis of CFT.

For the second RCT [27] examining the efficacy of CFT, a causal mediation analysis was
proposed, with pain self-efficacy, stress, fear of physical activity, coping, depression, anxiety,
and sleep identified as hypothesised mediators. A mediation analysis of this trial can inform
us on why the intervention may have been more effective for disability, but not for pain

intensity.

The aim of this study was to determine whether the effect of CFT (relative to a group
exercise and education intervention) on disability and pain intensity was mediated by pain

self-efficacy, stress, fear of physical activity, coping, depression, anxiety, and sleep.

This article is protected by copyright. All rights reserved



2. Methods
2.1. Study Design and Data Source

Causal mediation analysis of a multicentre RCT in lIreland. This trial [27; 28]
(NCT02145728) was a two-group, pragmatic RCT in which 206 people with CLBP were
recruited from three sites (one public hospital and two primary care centres) in Ireland with
follow-up at post intervention, 6 months post randomisation, and 12 months post
randomisation. A total of three physiotherapists (one in each setting) were chosen to deliver
both the CFT intervention and the group exercise and education intervention in this trial. 206
participants with CLBP for 6 months duration or more were randomised to receive CFT
(experimental arm) or a group education and exercise intervention (control arm). The trial
methods and interventions have been described in detail in the published protocol [28], and
the accompanying RCT [27].

2.2 Measures
2.2.1. Hypothesised Mediators

The hypothesised mediators measured were pain self-efficacy, stress, fear of physical
activity, coping, depression, anxiety, and sleep measured at 6 month follow-up. Due to the
pragmatic nature of the CFT intervention, the treatment period varied, such that the post
intervention measures for the CFT and group intervention were conducted at different time
points.[27] Therefore, the 6 month mediator data, rather than the post intervention data, were

included in the analysis to reduce the potential for detection bias.

e Pain self-efficacy (scale 0-60) was measured using the 10-item Pain Self-Efficacy
Questionnaire (PSEQ). [6]

e Stress (scale 0-42) was measured using the seven-item stress subscale of the
Depression, Anxiety and Stress Scale (DASS). [22]

e Fear of physical activity (scale 0-24) was measured using the four-item physical
activity subscale of the Fear-Avoidance Beliefs Questionnaire (FABQ). [41]

e Coping (scale 0-30) was measured using the five-item coping subscale of the Coping
Strategies Questionnaire (CSQ). [12]

e Sleep, depression and anxiety (scale 0-3 for each item) were measured using the

single item questions regarding these variables in the Subjective Health Complaints
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Inventory (SHCI). [7] These data were recoded to binary variables, where a score of 0
indicated no depression/anxiety/sleep issue and a score of 1, 2, or 3 indicated some

issue with depression, anxiety, or sleep [3; 30].

2.2.2. Outcomes

e Functional disability was measured using the Oswestry Disability Index (ODI) (0-
100) [8] at 12 month follow-up.

e Pain intensity was measured using the Numeric Rating Scale (0-10) at 12 month
follow-up. [16] Participants were asked to rate their pain on average during the past
week; 0 representing no pain and 10 representing pain as bad as you can imagine.

2.2.3. Potential Confounders
We controlled for potential pretreatment confounders by including baseline data for self-
efficacy, stress, fear of physical activity, coping, depression, anxiety, sleep, functional

disability, pain intensity as covariates.

2.3.Data analysis

Causal mediation analysis was used to analyse the data, using the ‘mediation’ package in R.
[37] This deviates from our protocol proposal to use the approach by Baron and Kenny. [2]
Our decision to change our method of analysis was based on methodological advances in
mediation analyses. [17; 18] While, the Baron and Kenny approach can successfully quantify
the mediating effect, it works under more restricted conditions, when mediators and outcomes
are continuous and no exposure-mediator interactions are present. Causal mediation relies on
defining causal estimates and simulating unobserved potential outcomes through modelling
procedures to indirectly estimate point estimates. The causal mediation package in R supports
both continuous and binary mediators and was therefore considered more appropriate for this
study. [37]

We constructed independent single mediator models for each hypothesised mediator (pain
self-efficacy, stress, fear of physical activity, coping, depression, anxiety, and sleep) for
functional disability and pain intensity. Adjusted mediator models were fitted to control for
measured confounders, with the directed acyclic graph (DAG) for these adjusted models
shown in Figure 1. These DAGs were not planned a priori.
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The average causal mediation effect (ACME), the average direct effect (ADE), the average
total effect (ATE) and the proportion mediated were estimated for each model. The ACME is
the effect of the intervention (i.e. CFT) on the outcome (functional disability/pain) exerted
through the mediator. The ADE is the remaining effect of the intervention (i.e. CFT) on the
outcome (functional disability/pain) that is not exerted through the mediator of interest. The
sum of the ACME and the ADE is equal to the ATE. The proportion mediated is the fraction
of ATE that is explained by the ACME.

The analysis of the causal model involved fitting two linear regression models: the mediator
model and the outcome model. The mediator model was constructed with the allocated
intervention status (i.e. CFT) as the independent variable and the hypothesised mediator (e.g.
pain self-efficacy) as the dependent variable. In the case where the mediator was binary (e.g.
sleep, depression, and anxiety), a binomial probit regression model was fit. The outcome
model was constructed with the treatment status, the mediator as the independent variable and
the outcome as the dependent variable. In the outcome model, we accounted for the
possibility of an intervention-mediator interaction by including the product of the
intervention allocation and selected mediator into the regression models. A set of observed
baseline confounders were included in the adjusted models as covariates. The ‘mediates’
function was used to obtain unstandardised point estimates of the ACME, ADE, ATE and the
proportion mediated, and 1000 bootstrap simulations were performed.[37]

Sensitivity analysis:

In a mediator model, we cannot assume that the mediator-outcome effect is not confounded,
as the mediator is not randomised. Therefore a sensitivity analysis was conducted to
determine the robustness of the ACME, in the adjusted mediator models which control for
measured confounders, to the influence of the sequential ignorability assumption. Sequential
ignorability assumes that there are no unmeasured confounders for the intervention to
mediator pathway and the mediator to outcome pathway. The level of residual confounding is
represented by the correlation between the residuals from the mediator model and residuals
from the outcome model, and is represented by p, where p represents hypothetical levels of
unmeasured and unknown confounding. A p of 0 would suggest no unmeasured confounding.
The ‘medsens’ function [37] was used to estimate p and examine how varying levels of p,

between the extremes of -1 and +1, influences the ACME. The output provides the values of
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p at which the confidence intervals for the ACME include 0 (a non-significant ACME ie. no
mediating effect). This estimates how strong the effect of unmeasured confounding needs to
be to invalidate the ACME.

We examined violations in the assumption of normality for the linear regression models via
visual inspections of the residual histogram and normal quantile (Q-Q) plots. If normality was
violated, the variables were transformed using a square or square root transformation as
appropriate. [13] A sensitivity analysis was then conducted to compare the results from the

mediation analysis using transformed variables against the results from the original analysis.

The three categorical variables (depression, anxiety and sleep) were recoded as binary
variables to be included in the regression models. This dichotomisation may lead to reduced
statistical power and inflate false positive probabilities. Further, the cut-offs are arbitrary and
may not reflect the true underlying cut-off. [1] Therefore a sensitivity analysis, considering
these three mediators as continuous variables, was also conducted.

The primary analysis was conducted on complete cases. However as over 32% of the data for
functional disability and 31% of the data for pain intensity were missing at 12 month follow-
up, a post hoc sensitivity analysis using Multiple Imputation by Chained Equations (MICE)
was conducted to assess the possible impact of missing data. Twenty datasets, with 50
iterations, were imputed and the bootstrap method was used to estimate standard errors.
Continuous variables were imputed by predictive mean matching and logistic regression was
used to impute the binary variables. All seven hypothesised mediators, treatment and
outcome variables were included in the imputation model. The estimates and standard errors

were pooled using Rubin’s rule and 95% ClIs were calculated.

4. Results
4.1.Descriptive Statistics

At baseline the sample included 206 individuals, of which 106 were randomly assigned to the
CFT intervention and 100 were randomly assigned to the group exercise and education
intervention. The descriptive statistics for the outcome and mediator variables are presented
in Table 1.

Table 1: Descriptive statistics of outcome and mediator variables

Outcome Variables Baseline Follow-up at 12 Months’
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Mean (SD)* Mean (SD)
Functional Disability (ODI) (0- | 32.76 (12.57) 24.64 (15.22)
100) (n=140)*
Pain Intensity (NRS) (0-10) | 5.94 (2.21) 4.58 (2.63)
(n=142)
Mediator Variables Baseline Follow-up at 6 Months

Selfefficacy  (PSEQ)  (0-60) | 34.06 (12.28) 42.38 (14.25)
(n=142)?
Stress (DASS) (0-42) (n=135) 2 15.81 (10.86) 14.95 (10.91)
Fear (FABQ) (0-24) (n=130) ° 15.09 (5.67) 10.15 (6.84)
Coping (CSQ) (0-30) (n=134)° 16.58 (6.51) 18.51 (6.25)
Depression’
- Not depressed 95 (51.91) 67 (48.55)
- Depressive symptoms 88 (48.09) 71 (51.45)
Anxiety’
- Not anxious 87 (48.07) 61 (44.20)
- Anxiety symptoms 94 (51.93) 77 (55.80)
Sleep®
- No sleep issues 31 (16.67) 40 (28.78)
- lIssues with sleep 155 (83.33) 98 (71.01)

ODI: Oswestry Disability Index; NRS: Numeric Rating Scale;
Questionnaire; DASS: Depression, Anxiety and Stress Scale;
Beliefs Questionnaire; CSQ: Coping Strategies Questionnaire.

! Analysis of complete cases.

Sample size presented for data at follow-up.

Count (%) presented.

PSEQ: Pain Self-Efficacy
FABQ: Fear-Avoidance

4.2. Mediation Analysis
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CFT significantly reduced disability, but not pain intensity, when compared to group exercise

and education at 6 and 12 month follow-ups.[27]

Our adjusted findings show that CFT caused a significant change in self-efficacy (5.82, 95%
Cl = 1.58, 10.05), and self-efficacy was associated with both disability (-0.41, 95% CI = -
0.66, -0.16) and pain intensity (-0.07 (-0.13, -0.02). In the adjusted mediation analysis of CFT
on disability, this causal pathway is further highlighted by the significant AMCE and
proportion mediated (Table 2).

Our adjusted model found that CFT did not improve the remaining six hypothesised

mediators (stress, fear of physical activity, coping, depression, anxiety and sleep), and these
mediators were not associated with either disability or pain (Table 2).
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Table 2: Effect decomposition for self-efficacy, stress, fear, coping, depression, anxiety and sleep as hypothesised mediators measured at

6 months, controlling for measured confounders (adjusted model®)

Mediator Intervention-mediator | Mediator-outcome | ATE ADE ACME Proportion
effect effect Mediated (%0)

Functional Disability (ODI) at 12 months

Self-efficacy 5.82 (1.58, 10.05)* -041 (-0.66, -|-6.33 (-11.17,|-3.28 (-7.58, | -3.04 (-6.33, - | 0.48*

(PSEQ, 0-60) 0.16)* -1.69)* 1.09) 0.64)*

(n=91)

Stress (DASS, 0-42) | -1.41 (-35.12, 13.63) 0.33 (-0.00, 0.66) -7.28 (-11.52, | -7.02 (-11.25, | -0.26  (-2.11, | 0.04

(n=88) -2.00)* -1.86)* 1.36)

Fear (FABQ, 0-24) | 0.76 (-3.51, 1.41) 0.38 (-0.22, 0.98) -6.94 (-11.36, | -6.28 (-10.64, | -0.56 (-2.16, | 0.08

(n=86) -1.67)* -1.38)* 0.45)

Coping (CSQ, 0-30) | 1.07 (-0.97, 3.10) -0.59 (-1.19,0.00) |-6.66 (-11.34,|-5.98 (-10.56, | -0.68 (-2.29, | 0.10

(n=88) -1.79)* -1.40)* 0.52)

Depression (SHCI) | -0.28 (-0.81, 0.25)° -1.34 (-8.14,5.46) | -7.27 (-11.85,|-7.10 (-11.28, |-0.17 (-1.81,|0.02

(n=90) -1.94)* --1.96)* 0.68)

Anxiety (SHCI) -0.35 (-0.96, 0.24) ° 3.62(-4.05,11.29) |-6.64 (-11.22,|-6.26 (-10.77,|-0.38 (-2.14, | 0.06

(n=90) -2.00)* -1.79)* 0.67)

Sleep (SHCI) -0.21 (-0.81, 0.38) ° 3.50 (-4.36,11.37) |-6.51 (-11.34,|-6.26 (-10.51, |-0.26 (-2.11, | 0.04

(n=117) -1.85)* -1.17)* 0.46)

Pain Intensity (NRS) at 12 months
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Self-efficacy 5.82 (1.58, 10.05)* -0.07 (-0.13, ~-|-0.57 (-1.68,|{0.01 9-1.01,]|-0.58 (-1.30, - |1.02
(PSEQ, 0-60) 0.02)* 0.06) 1.23) 0.11)*

(n=91)

Stress (DASS, 0-42) | -1.41 (-35.12, 13.63) 0.04 (-0.03,0.11) [-0.79 (-1.97,]-0.74 (-1.92,|-0.05 (-0.42, | 0.06
(n=90) 0.16) 0.23) 0.27)

Fear (FABQ, 0-24) | 0.76 (-3.51, 1.41) 0.05 (-0.08, 0.19) -0.80 (-1.88, |-0.75 (-1.85, |-0.05 (-0.36, | 0.06
(n=86) 0.43) 0.48) 0.15)

Coping (CSQ, 0-30) | 1.07 (-0.97, 3.10) -0.11 (-0.25,0.03) |-058 (-1.78,]-0.54 (-1.73,|-0.05 (-0.29, | 0.08
(n=88) 0.56) 0.61) 0.09)

Depression (SHCI) | -0.28 (-0.81, 0.25)° -0.38(-1.94,1.18) [-0.73 (-1.94,|-0.66 (-1.89, [-0.07 (-0.31,]0.10
(n=90) 0.40) 0.42) 0.14)

Anxiety (SHCI) -0.35 (-0.96, 0.24) 2 -0.72 (-0.66,2.80) |-0.66 (-173,]-055 (-1.71,|-0.11 (-0.48, | 0.16
(n=90) 0.58) 0.64) 0.18)

Sleep (SHCI) -0.12 (-0.81, 0.38) 2 1.49(-0.23,3.21) |-0.69 (-1.82,|-052 (-156,|-0.17 (-0.63, |0.25
(n=90) 0.55) 0.63) 0.18)

All effects unstandardized with their 95% confidence intervals, unless otherwise stated.

2 Binary models are presented as odds ratios.

Controlling for all baseline outcomes and mediators.

ATE: average total effect; ADE: average direct effect; ACME: average causal mediation effect; ODI: Oswestry Disability Index; NRS: Numeric

Rating Scale;

Questionnaire; CSQ: Coping Strategies Questionnaire.

*p < 0.05,

PSEQ: Pain Self-Efficacy Questionnaire; DASS: Depression, Anxiety and Stress Scale;

FABQ: Fear-Avoidance Beliefs
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4.3 Missing Data

Unfortunately, there were substantial missing data in this study. The first column in Table 1,
presents the sample size included in each mediator model. At best, a sample of 117 (57%)
was included in the mediation analysis, and at worst a sample of 85 (41%) was included. A
mediation analysis of imputed data was investigated in the sensitivity analysis section, to
support the results presented in Table 1. However, as suggested by Jakobsen et al. [15],
missingness over 40% must be interpreted with caution and should be considered hypothesis-

generating.

4.4 Sensitivity Analysis

The sensitivity analyses for the sequential ignorability assumption indicated that the ACME
estimates were robust. All the ACMEs remained relatively stable across low to high levels of
unknown and unmeasured confounding (Appendix 1).We observed violations of normality in
the linear regression models assessing the following mediators: pain self-efficacy, stress and
fear of physical activity. To overcome violations of normality, we transformed these three
mediator variables and conducted sensitivity analyses of the mediation models using the
transformed variables. We did not observe extreme deviations in the estimates from the
sensitivity analyses when compared with the original analyses. The results of the sensitivity

analyses are presented in Appendix 2.

The sensitivity analysis to investigate the effect of dichotomising depression, anxiety and
sleep (Appendix 3)was similar to the results presented in Table 2.

The pooled estimates obtained from the imputed datasets were compared. Pain self-efficacy
still accounted for the largest proportion of the effect of CFT on functional disability. Results
from the imputed analysis for self-efficacy found proportions mediated of 37% for the
adjusted model, compared to 48% for the full-case analysis. The results are presented in

Appendix 4.
5. Discussion

In this causal mediation analysis, we tested the extent to which seven hypothesised mediators
explained the effect of a CFT intervention (relative to a group exercise and education
intervention) on reductions in disability, and the lack of effect on pain intensity, in
individuals with CLBP. We found that CFT, based on adjusted analyses, did not improve six

of our hypothesised mediators (stress, fear of physical activity, coping, depression, anxiety
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and sleep), and these mediators were not associated with disability or pain. We found that
CFT did improve pain self-efficacy, and self-efficacy was associated with disability and pain
intensity. 48% of the total effect of CFT on disability was explained by increased pain self-
efficacy, for the adjusted mediation model.

Previous mediation analyses of interventions for back pain have examined the effect of a
range of mediators on disability and pain. [20] Our findings on the mediating effect of self-
efficacy on disability broadly align with previous CLBP RCTs. [9; 10; 32; 33; 43] These
studies examined a range of different interventions: yoga and stretching, [33] exercise
therapy, dietary weight loss and a combined approach, [9] exercise therapy alone, [32]
acceptance and commitment therapy, [43] and advice with cognitive behavioural therapy.
[10] Four of the five studies did not provide the necessary data to reliably compare effect
sizes with our self-efficacy findings. However, one study [33] found that 35.7% and 23.3% of
the effect of yoga and stretching, respectively, on disability, was mediated through self-
efficacy. Studies reveal mixed results for the mediating effect of fear [10; 21; 23; 42] on
clinical outcomes. Our negative findings for pain coping align with two previous RCTs
examining the effect of behavioural therapy [26] and behavioural therapy combined with
cognitive coping skills [35]; though another RCT examining the effect of cognitive
behavioural therapy found improved coping was associated with better clinical outcomes.
[38] To our knowledge, some of our hypothesised mediators (e.g. sleep, anxiety, depression)
have not been examined previously. Conversely, some mediators we did not examine have
been found to be associated with back pain clinical outcomes. For example, reductions in
pain catastrophising have been associated with improvements in pain and disability in several
studies [11; 21; 34; 35; 38] examining a range of exercise (e.g. tai chi, general exercise) and
psychological treatments (e.g. exposure therapy, CBT), while both psychological flexibility
[43] and distress [23] have been found to be associated with clinical outcomes in one RCT,
respectively. It is possible that the effect of various interventions on outcomes could work via
shared mechanisms. [4; 5] Variation in the results of mediation analyses might also be
partially explained by the use of different outcome measures, testing of different

interventions, and outcome measurement at varying timepoints.

CFT did not change most of the hypothesised mediators in our study. Yet, some mediators
(e.g. sleep, stress, coping and fear) were still associated with clinical outcomes in others
studies, suggesting their potential importance. CFT may not be targeting these factors

explicitly enough, or a higher dose of treatment may be needed to improve some factors. In
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this RCT [27] an average of five sessions were provided to patients with CLBP. In contrast,
the first trial [39] examining the effect of CFT (relative to a manual therapy and exercise
intervention) observed changes in fear after an average of eight sessions. Improving some
factors (e.g. depression) may require integrating CFT with other health care professionals (i.e.

general practitioners, psychologists, or social workers) and over a longer period.

Strengths and limitations

We examined a broad range of hypothesised mediators in this study. The data source for this
study is a pragmatic RCT which examined the effect of a individualised behaviourally
orientated intervention on pain and disability in people with CLBP compared to a group
exercise and education intervention. The trial had an a priori published protocol, [28] using

concealed allocation, and intention to treat analysis.

However, our mediation analysis has limitations. While we had pre-planned a mediation
analysis, [28] we did not specify our analysis plan a priori. For example, we changed our
method from what was mentioned in the protocol, [28] and we did not create our direct
acyclic graphs at the planning stage. We had to handle a significant amount of missing data in
our sensitivity analysis; 37% of randomised participants in the RCT did not start or complete
treatment, 72% completed the six-month follow-up, and 69% of participants completed the
12-month follow-up. Within the mediation models, missingness ranged from 41% to 57% and
while imputed results provide some reassurance, Jakobsen et al. [15] suggests that anything
over 40% missing warrants caution and should be considered as hypothesis-generating. We
made a number of deviations from our trial protocol. In our protocol we had specified back
pain beliefs as a potential mediator to examine but we removed the back beliefs questionnaire
based on pilot testing, to reduce participant burden.

While we incorporated measured confounders into our mediator models and completed a
sensitivity analysis as part of our causal mediation analysis, we cannot rule out the role of
unmeasured confounding and its potential biasing effects on estimates of indirect and direct
effects in our study. There is also potential that multiple mediator models would provide

further insights into how intervention, mediators and outcomes interact over time.

The interpretation of our results is limited by the timing of the measurements for both

mediators and outcomes. We are unable to establish evidence of temporality (the order in
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which change occurred) as all data were measured at the same time point. Thus the direction

of the relationship between all mediators and disability is unclear.

For depression, anxiety, and sleep, we used a single-item question on the SHCI. [7] We did
this to reduce participant burden by reducing the number of questionnaires. A cross-sectional
study [31] found that depression and stress, but not anxiety, mediated the relationship
between pain and disability in people with hand or wrist fractures. The DASS-21
questionnaire was used [31] to measure these variables, and may be more of an appropriate
measure of anxiety and depression to use in future mediation analyses. Depression, anxiety
and sleep, which are scored on a scale from 0 to 3, were dichotomised to be included in the
mediation analysis. This may lead to loss of information, or a reduction in statistical power.

Clinical implications

Due to the level of missing data in this study, our findings are hypothesis-generating and
therefore we are unable to provide any strong clinical implications. Nevertheless, this study
may be an important contribution to our understanding of the mechanisms underlying the
positive effect of CFT on disability and the lack of an effect on pain, when compared to
group exercise and education. Examining mechanisms of intervention effects, as well as lack
of effects, may have important implications for clinical practice through identifying the key
factors that lead to improved outcomes, and may help design better interventions by

providing information on the parts of treatment that are both effective and ineffective.
Future Research

Replication of the results of this hypothesis-generating study is needed to verify the role of
pain-self efficacy on outcomes, as well as verify that the remaining mediators are not
associated with pain or disability in this population (as indicated by our adjusted analysis). If
pain self-efficacy is verified as important, research could examine which component(s) of
CFT may be most important in increasing pain self-efficacy. This could potentially be aided
through the use of an adaptive trial design, with repeated measures at earlier timepoints to
allow modifications or the addition of extra components to CFT based on interim data. [36]
Quialitative studies to examine what may underpin self-efficacy changes may also inform our
understanding. Studies should also examine if CFT can better target other potential mediators

(e.g. depression, sleep, fear). This may involve examining the effect of adding boosters of
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continued care, to allow for flareups to be identified, and the involvement of integrated co-

care.

Future studies should attempt to build on the limitations of current mediation analyses by
performing regular assessments of mediators (e.g. pain self-efficacy) and outcomes (e.g.

disability) over time so that we can better understand this relationship. [11; 24]

The proportion mediated estimated by the causal mediation package in R [37], is not bounded
between 0 and 1. Future studies should explore advancing this package to ensure the

proportion is in the 0 to 1 range.
6. Conclusion

In arecent RCT, CFT reduced disability, but did not reduce pain, compared to a group
exercise and education intervention. This causal mediation study shows that the majority of
benefit of CFT (relative to a group exercise and education intervention) for disability is due
to increasing pain self-efficacy. However, CFT did not improve the majority of hypothesised
mediators (stress, fear of physical activity, coping, depression, anxiety and sleep).
Unfortunately, the proportion of missing data in this study is substantial and these findings
can only be considered hypothesis-generating. Therefore, future research should examine
replicating the results of this study to verify the role of self-efficacy and other proposed

mediators (e.g. stress, coping, sleep, fear) on clinical outcomes.
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Figure 1: Directed acyclic graph of hypothesised mediators. The dashed blue arrows
represent the average causal mediation effect (ACME), the solid green arrow represents the
average direct effect (ADE), the dotted red arrows represet possible effects that could induce

confounding for indirect and direct effects.

Supplementary Figure (Appendix 1): Sensitivity plots for each adjusted mediator model
with functional disability (1) and pain intensity (2) as the outcomes and self-efficacy (A),
stress (B), fear (C), coping (D), depression (E), anxiety (F), and sleep (G) as the mediators for
the group intervention (left panel) and CFT intervention (right panel), respectively. The
average mediation effects are plotted as a function of the sensitivity parameter (magnitude of
residual confounding). The correlation between the error terms in the mediator and outcome
regression models (p) is plotted against the average causal mediation effect (ACME). A
sensitivity parameter of 0 represents null hypothesised levels of residual confounding and the
extremes of — 1 and 1 represent maximum hypothesised levels of residual confounding. The
estimated ACME (assuming sequential ignorability) is the dashed line and the 95%

confidence intervals are represented by the shaded regions.
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