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The MI-NAV study1 is a randomised controlled trial evaluating the effectiveness of two 

treatment packages (motivational interviewing plus usual case management or stratified 

vocational advice intervention plus usual case management) compared to usual case 

management alone, on return to work among people on sick leave due to musculoskeletal 

disorders. This statistical analysis plan describes the planned mediation analysis of the MI-

NAV study. If either treatment package is found to be effective, the causal mediation analysis 

will help explain how the treatment works. Conversely, if either treatment package is not 

found to be effective, the causal mediation analysis will help identify where the hypothesised 

mechanisms broke down.  

 

Primary mediation objective 

The primary objective was to estimate the extent to which the proposed mediators 

(workability and return to work expectancy) mediate the effect of the two treatment 

packages compared to usual case management alone, on return to work among people on 

sick leave due to musculoskeletal disorders. We will first consider the mediators together and 

estimate the joint mediation effect. Second, we will consider the mediators independently 

and estimate single mediation effects.  

 

Secondary mediation objective 

The secondary objective was to estimate the extent to which the joint and single mediation 

effects vary by risk stratification subgroup (low/medium risk vs high risk). 

 

Interventions 

Motivational interviewing plus usual case management (MI) 

The participants in the MI arm, in addition to usual case management, were offered two 

motivational interviewing conversations provided by trained Norwegian Labour and Welfare 

Administration caseworkers. The first conversation was conducted as soon as possible after 

random allocation, and the second two weeks later.  

 

Stratified vocational advice intervention plus usual case management (SVAI) 

The participants in the SVAI arm, in addition to usual case management, were offered 1–2 

telephone calls for the low/medium risk group or 3–4 telephone calls and/or face-to-face 
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meetings for the high-risk group with a trained physiotherapist. The first contact was ideally 

conducted within a week after allocation and the treatment stopped by week 26 of the sick 

leave period or if the participant had returned to work for more than four weeks in the same 

working hours as they had before going on sick leave. 

 

Usual Case management (Control) 

Usual case management was provided by Norwegian Labour and Welfare Administration 

caseworkers and ideally followed this timeline: within the first four weeks of sick leave, a 

return to work plan was made by the employer and worker; within seven weeks, a dialogue 

meeting between the employee, employer and other relevant stakeholders such as general 

practitioner, was arranged by the employer; within week 26 of the sick leave period, the 

Norwegian Labour and Welfare Administration arranged a second dialogue meeting between 

the employee, the employer and in some cases the general practitioner who issued the sick 

leave.  

 

Primary outcome  

The primary outcome is sickness absence days, measured as the number of sickness absence 

days from baseline assessment date until the six-month follow-up. Sickness absence days will 

be calculated from information provided by different national registries including information 

on sick leave payments, sick leave certificates, work assessment allowance, disability pensions 

and employment percentage.  

 

Mediators  

Workability, assessed by one item from the Finnish Work Ability Index (WAI)2 recording 

“Current workability compared with the lifetime best” on a 0–10 numerical rating scale. The 

WAI is a valid and reliable assessment of workability.2 Workability was assessed three-months 

after randomisation. 

 

Return to work expectancy, assessed by one question from the Örebro Musculoskeletal Pain 

Screening Questionnaire short form (ÖMPSQ-SF)3 (“In your estimation, what are the chances 

you will be working your normal duties in three months”) on a 0–10 numerical rating scale. 

The ÖMPSQ-SF has been validated against the original ÖMPSQ 24-item version which is 
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considered reliable.4 Return to work expectancy was assessed three-months after 

randomisation. 

 

Moderator 

The 10-item Keele STarT MSK tool5 and the 10-item ÖMPSQ-SF3 have been used in 

combination to stratify the participants into one of two risk groups before group allocation: 

low/medium risk or high risk of long-term sick leave. Participants were stratified to the high-

risk subgroup if they had ≥9 points (out of 12) on the Keele STarT MSK tool and ≥ 60 points 

(out of 100) on the ÖMPSQ-SF at baseline.6  

 

Confounders 

In each model, we assumed no confounding of the treatment–mediator and treatment–

outcome relationships due to random allocation of treatment. We identified potential 

confounders of the mediator-outcome relationship by selecting measured pre-treatment 

covariates that are hypothesised to be a cause of the mediator, the outcome, or both.7 The 

minimum sufficient adjustment set includes age, sex, education level, sick leave in the 

previous year, musculoskeletal health, risk of work disability, physical activity and employer 

follow-up all assessed at baseline. 

 

Rationale for choice of mediators 

Workability and return to work expectancy have been selected as the mediators for our 

mediation analysis. Workability, defined as an interaction between the person, the task and 

the working environment,8 has been shown to strongly relate to continuing work, avoiding 

sickness absence, or returning to work after sick leave.9 Patient return to work expectations 

have been shown to play an important role in return to work outcomes.10 In patients with 

musculoskeletal injuries, return to work expectancy has been shown to mediate the 

relationship between psychological factors associated with injury and return to work 

outcomes.11–13 Both the MI and SVAI treatment arms incorporate cognitive and behavioural 

components aimed at reducing sickness absence days and increasing both workability and 

return to work expectations as a key treatment targets.1,14–16  
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Data collection 

To ensure a temporal sequence between the treatment, mediator, and outcome, data was 

collected over three sequential time points: 1) baseline, prior to randomisation (primary 

outcome, mediators, confounders, moderator); 2) three months after randomisation 

(mediators); and 3) six months after randomisation (outcome).  

 

Effects of interest 

For each treatment package and each mediator: 

1. We will estimate the effect and corresponding uncertainty estimates for the 

treatment–mediator relationship, the treatment-outcome relationship and the 

mediator-outcome relationship.  

2. We will estimate the natural indirect and direct effects of treatment on the outcome 

considering the mediators simultaneously (joint mediated effect), and independently 

(single mediated effect).  

3. We will estimate the proportion mediated which is the fraction of the treatment-

outcome relationship that is explained by the indirect effect. 

4. We will estimate the extent to which the natural indirect and direct effects are 

moderated by risk subgroup. 

 

Causal models and assumptions 

We specified two joint mediator models and four independent single mediator models (Table 

1). The causal models are represented in the directed acyclic graph (Figure 1). In each model, 

we assumed that the treatment-mediator and treatment-outcome relationships would be 

unconfounded because of random allocation of treatment. We assumed that the mediator-

outcome relationship is unconfounded following adjustment for the sufficient set of potential 

observed confounders. We also assumed that the two mediators were independent of one 

another. Because the causal effect of the mediator on the outcome could depend on the 

treatment status, we will include treatment-mediator interaction terms into the models.  
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Statistical analysis 

We will use a regression-based inference approach for causal mediation analysis.17,18 Analyses 

will be performed in R (version 3.6.3; R Foundation for Statistical Computing) using the 

CMAverse package.18  

 

We will estimate effects for the treatment–mediator and mediator–outcome relationship 

with two regression models: the mediator model and the outcome model. We will specify the 

mediator model as a linear regression of the mediator at three months after randomisation 

(dependent variable) on treatment allocation and baseline values of the mediator (equation 

1). The outcome model will be specified as a linear regression of the outcome at six months 

after randomisation (dependent variable) on the mediator at baseline and three months after 

randomisation, treatment allocation, possible confounders of the mediator-outcome 

relationship, and a treatment allocation x mediator interaction term to increase model 

flexibility (equation 2).19 

 

Equation 1  m = β0 + β1 x + β2m* + ε 
Equation 2  y = θ0 + θ1x + θ2m + θ3xm + θ4m* + θ5c’ + ε 

* value at baseline 

‘ vectors of covariates 

 

Using the mediator and outcome regression models, we will simulate potential values of the 

mediator for each participant under each level of the treatment; then simulate potential 

outcome values for each participant under all combinations of the treatment and simulated 

mediator values. From these observed and simulated potential values of the mediator and 

outcome, we will estimate the indirect, direct and total treatment effects. We will estimate 

standard errors and the corresponding 95% confidence intervals of these causal effects 

through bootstrapping. We will use the cmest function from the CMAverse package to 

estimate the causal mediation effects.  

 

Moderated-mediated effects 

We will estimate if the indirect and direct effects vary between participant risk stratification 

subgroup (low/medium risk vs high risk).  
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Missing data 

We will assess the proportion and patterns of missing mediator and outcome data. We will 

conduct all analyses on complete cases if the proportion of missing data is less than 5% for 

any of the mediators or outcome. If missing data exceeds 5% we will use multiple imputations 

by chain equations to impute 10 datasets using the ‘mice’ package.20  

 

Sensitivity analyses 

We will conduct sensitivity analyses using the mediational E-value21 approach to determine 

the robustness of the estimated indirect and direct effects to bias introduced by unmeasured 

pre-treatment confounding. The mediational E-value describes the strength of the 

confounder-outcome relationship and the approximate strength of the confounder-mediator 

relationship that, together, would be required to reduce the direct or indirect effect to 0. We 

will use the cmsens function from the CMAverse package to conduct sensitivity analysis for 

unmeasured confounding via the E-value approach. 
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Model Treatment Mediator at 3 
months (M1) 

Mediator at 3 
months (M2) 

Outcome at 6 
months 

Multiple mediator models 

1.1 MI Workability Return to work 
expectancy 

Sickness absence 
days 

1.2 SVAI Workability Return to work 
expectancy 

Sickness absence 
days 

Single mediator models 

2.1 MI Workability - Sickness absence 
days 

2.2 SVAI Return to work 
expectancy - Sickness absence 

days 
2.3 MI Return to work 

expectancy - Sickness absence 
days 

2.4 SVAI Workability - Sickness absence 
days 

 

Table 1. Overview of mediator models. 

MI = motivational interviewing; SVAI = stratified vocational advice intervention 
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Figure 1. Directed acyclic graphic depicting the simplified causal pathways for the effect of the two treatment 

packages (MI and SVAI) compared to usual case management on the outcome sickness absence days, via the 

hypothesized mediators workability and return to work expectancy. The potential confounders are measured 

at baseline, the mediators are assessed at 3 months after allocation, and the outcome is measured at 6 

months after allocation. Blue lines represent indirect effects. Yellow lines represent direct effects. Red lines 

represent possible effects that could induce confounding for indirect and direct effects. A) A multiple mediator 

model where the treatment (X) exerts its effect on the outcome (Y) via an indirect path through both 

mediators (M1) and (M2), and a direct path (X to Y). B) A single mediator model where the treatment (X) 

exerts its effect on the outcome (Y), via an indirect path through the mediator (M) independently, and a direct 

path (X to Y). The treatment–mediator (X to M) relationship is represented by the blue line from the treatment 

package to the mediators. The mediator–outcome (M to Y) relationship is represented by the blue line from 

the mediators to the outcome.  
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