Appendix C: Directed Acyclic Graphs
The purpose of this study is to test causal association. This demands carefully considerations regarding the choice of variables and the hypothesized structure between those variables and pathways(1). Directed acyclic graphs (DAGs) offer a systematic graphical representations of such causal relationships and hypothesized covariate structure (2). In this study, each research question has its own theoretical framework based on previous literature, theoretical considerations about the potential target trial and discussions within the author team. Choice of co-variables for statistical adjustment for each research question has been guided by the principle of minimal sufficient adjustment sets of co-variables for estimating the total effect (2, 3). In this approach, we only attempt to adjust for open ‘backdoor’ paths in the association between exposures and outcomes.

Number of musculoskeletal pain sites

Closed backdoor paths
We hypothesized that the causal relationship between number of musculoskeletal pain sites and healthcare utilization is mediated through factors like health-related quality of life, fear avoidance beliefs, catastrophizing (unmeasured variable) and activity evoked pain. This creates closed backdoor paths without a need for adjustment. 
Open backdoor paths
We consider duration of pain to be associated with number of musculoskeletal pain sites and associated with healthcare use (4, 5). In building this causal model, we took the position that duration of pain creates an open backdoor pathway in the association between number of musculoskeletal pain sites and healthcare utilization with need for adjustment. 
We consider comorbidity to be associated with number of musculoskeletal pain sites as number of musculoskeletal pain sites and number of non-musculoskeletal symptoms increase proportionally (6) and comorbidity is in itself a driver for healthcare seeking (7). Sex and age are non-modifiable factors. None of these factors are considered the cause of pain, still, both are associated with number of musculoskeletal pain sites, as women and older people report chronic and widespread pain more often than men/younger people (5). Furthermore, women and older people seek healthcare more often than men/younger people (8). Higher level of education is not a cause of musculoskeletal pain but higher level of education is associated with better general health and seems to protect against development of musculoskeletal pain and people with higher education seek healthcare less often. This relationship could work through factors like health literacy and self-efficacy (unmeasured variables), job satisfaction etc. Personality traits and health anxiety may influence the development of musculoskeletal pain and coping strategies. This relationship might work through pathways like harm avoidance, being fearful, being pessimistic, high dependence on reassurance, low level of motivation and meaningful personal goal setting (9). Especially the personality trait neuroticism has been suggested as an important factor in development of musculoskeletal pain and ability to cope with it (9). We consider depressive symptoms (feeling down and sad) to be associated with increasing number of musculoskeletal pain sites (10) and to influence healthcare seeking. Physical work exposures are associated with musculoskeletal pain. High level of work exposure might influence the development of musculoskeletal pain and pain-related disability. Therefore, we consider sex, age, health anxiety, duration of pain, level of education, comorbidity, personality traits (extraversion, agreeableness, conscientiousness, neuroticism and openness), risk of depression, marital status, physical job exposure and previous healthcare utilization to be confounders of the relationship between number of musculoskeletal pain sites and care seeking, and therefore adjustment is needed.
Other variables
High pain intensity is associated with higher healthcare utilization. In this study we wanted to analyse the consequences of number of musculoskeletal pain sites with non-trivial pain on healthcare utilization. Therefore, we chose to incorporate data on pain intensity in the `number of musculoskeletal pain sites´ variable. Factors like cause of pain, leisure time physical activity, type of pain (pain mechanism), musculoskeletal diagnosis could potentially be confounders in this study, but these data were not available.
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Figure 1. Hypothesized causal relationships between number of musculoskeletal pain-sites and healthcare contacts/costs illustrated via Directed Acyclic Graphs (www.dagitty.net)
[image: http://dagitty.net/images/legend/semlike/other.png] Headline for groups of covariables.  exposure. [image: http://dagitty.net/images/legend/semlike/outcome.png] outcome.  [image: http://dagitty.net/images/legend/semlike/rnode.png] mediator/collider. [image: http://dagitty.net/images/legend/semlike/adjustednode.png]  adjusted variable/confounders. [image: http://dagitty.net/images/legend/semlike/latentnode.png] unmeasured variable. [image: http://dagitty.net/images/legend/semlike/causalpath.png] causal/closed backdoor paths.  confounding/open backdoor paths. 
Arrows indicate hypothezied direction of relationships. Relationships between covariables in the DAG is not illustrated.  

Health anxiety
Closed backdoor paths
We hypnotized that the causal relationship between health anxiety and healthcare utilization is mediated through factors like health-related quality of life, depressive symptoms/mental health, fear avoidance beliefs, catastrophizing (unmeasured variable), engagement in preventive strategies (unmeasured variable), information seeking/reassurance (unmeasured variable) and beliefs about pain. These factors interrelate in complex bidirectional relationships (not illustrated). This creates closed backdoor paths without need for adjustment. 
Open backdoor paths
We consider comorbidity to be associated with health anxiety in a bidirectional relationship and comorbidity is in itself a driver for healthcare seeking (7). Sex and age are non-modifiable factors. Neither are considered the cause of health anxiety but we consider both factors to be associated with health anxiety, and women and older people seek healthcare more often than men/younger people. People with higher level of education seek healthcare less often. This relationship could work through factors like health literacy and self-efficacy (unmeasured variables), job satisfaction etc. We consider lower levels of education to be associated with higher level of health anxiety and higher levels of care seeing. Personality traits may influence the development health anxiety and coping strategies, including care seeking. This relationship might work through pathways such as a tendency to be fearful, pessimistic or high dependency of reassurance, because individuals with health anxiety are likely to exaggerate negative information or attend to information that supports their health concerns (11). We consider health anxiety to be more prevalent among individuals with low level of social support and low level of social support to be associated with care seeking. Pain characteristics like increasing number of musculoskeletal pain sites and duration of pain could influence both health anxiety and care seeking. This means that sex, age, duration of pain and number of musculoskeletal pain sites, level of education, comorbidity, personality traits (extraversion, agreeableness, conscientiousness, neuroticism and openness), marital status/social support and previous healthcare utilization create open backdoor pathways in the relationship between health anxiety and care seeking and adjustment is needed.
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Figure 2. Hypothesized causal relationships between health anxiety and healthcare contacts/costs illustrated via Directed Acyclic Graphs (www.dagitty.net)
 Headline for groups of covariables. [image: http://dagitty.net/images/legend/semlike/exposure.png] exposure. [image: http://dagitty.net/images/legend/semlike/outcome.png] outcome.  [image: http://dagitty.net/images/legend/semlike/rnode.png] mediator/collider. [image: http://dagitty.net/images/legend/semlike/adjustednode.png]  adjusted variable/confounders. [image: http://dagitty.net/images/legend/semlike/latentnode.png] unmeasured variable. [image: http://dagitty.net/images/legend/semlike/causalpath.png] causal/closed backdoor paths.  confounding/open backdoor paths. 
Arrows indicate hypothesized direction of relationships. Relationships between covariables in the DAG is not illustrated.  
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