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Background: Work-related stress problems, i.e., burnout, depression, and

anxiety, is a rising global health challenge. Poor mental health also appears to

be a challenge for the construction industry, even though the occupational

health focus has traditionally been on the physical work environment and

musculoskeletal disorders. Yet, studies targeting the organisational level (i.e.,

work environment, policy) to enhance mental health within the construction

industry are scant. Therefore, our first objective was to evaluate the

e�ectiveness of a co-created occupational health intervention on stress

and psychosocial working conditions within the construction industry in

Sweden. The second objective was to evaluate whether the intervention was

implemented as intended, i.e., implementation fidelity. The trial is registered in

the ISRCTN clinical trial registry (ISRCTN16548039, http://isrctn.com/).

Methods: This is a controlled trial with one intervention and one matched

control group. We co-created the program logic with stakeholders from the

intervention group. The essence of the chosen intervention components,

duties clarification, and structured roundmaking was enhanced planning

and role clarification. We assessed adherence to the intervention and dose

delivered (i.e., fidelity). We collected data on the outcomes (role clarity, team

e�ectiveness, planning, sta�ng, quantitative demands, and the psychosocial

safety climate) with online questionnaires at baseline, 12, and 24 months.

Marginal means models adjusting for missing data patterns were applied to

estimate potential di�erences in outcomes between groups over time.

Results: Fidelitywas considered reasonably high. Yet, we found no intervention

e�ects on the primary outcome stress. All outcomes, except role clarity

deteriorated during the trial in the intervention and control group. However,

the results indicate a positive e�ect of the intervention components on

professionals’ role clarity. The pandemic appears to have negatively a�ected

stress and psychosocial working conditions.
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Conclusion: The study’s results suggest that co-creating occupational health

interventions could be one solution for improved implementation fidelity.

More studies are needed to evaluate these intervention components. Also, we

recommend researchers of future intervention studies consider using missing

not at random, sensitivity analysis.

KEYWORDS

implementation fidelity, professionals, first-line managers, role clarity, pattern

mixture model, marginal means model, mental health, evaluation study

Introduction

Work-related stress problems constitute a significant

challenge for Western countries today. In Sweden, poor mental

health is the most common cause of sick leave. Stress-related

diagnoses, such as acute stress reaction and burnout, are the

causes of sick leave that, in both women andmen, have increased

the most in recent years, even though women consistently face a

higher risk than men (1, 2). The construction industry is male-

dominated (>70% men) and includes both trade workers and

professionals (3). It was recently noted that among employees on

sick leave in the construction industry, for first-line managers,

the risk that the cause for sick leave was stress-related was 25%

higher compared to all other occupations. Technical engineers

seem to face similar risks; however, this trend is not observed

for trade workers (2). Yet, suicide rates are higher among

construction trade workers than the male national average in

Great Britain (4), Australia, and New Zeeland (5). Also, Matilla-

Santander et al. (6) observed a similar trend in Sweden; however,

not statistically significant. Hence, poor mental health appears

to be a challenge for the construction industry, even though

trade workers and professionals seem to have different patterns

of poor mental health. A potential consequence of stress among

construction workers is increased workplace accidents (7–9).

Among construction workers in Sweden, reporting daily stress

was associated with an increased risk of being in a severe

workplace accident compared to reporting stress seldom or

never (7).

Traditionally, the occupational health focus in the

construction industry has been on the physical work

environment and musculoskeletal disorders (10). However, in

line with the above-described increased risk of stress-related

problems and suicide, an increased focus on the psychosocial

work environment is warranted. The only meta-analysis on the

relationship between psychosocial hazards and mental health

in the construction industry (3) shows that low job support,

job insecurity, and role overload were the psychosocial hazards

most strongly associated with mental health problems for

European construction workers. Furthermore, they found that

job burnout was most strongly associated with role conflict,

role ambiguity (i.e., low role clarity), interpersonal conflict, and

low job support. They did not find any substantial differences

between professionals and trade workers regarding adverse

effects on mental health caused by psychosocial hazards.

Workplace interventions to improve the psychosocial work

environment could improve working well-being, such as stress

and burnout (11). Still, studies targeting the organisational

level (i.e., work environment, policy) to enhance mental

health within the construction industry are scant (12, 13).

However, Hulls et al. (13) recently published a systematic

review on workplace interventions to improve employee

health and well-being in male-dominated industries. They

conclude that interventions should target the organisational

level rather than the individual, examine long-term effects

(>12 months), and align the intervention outcomes with

business activities. Other studies have also highlighted aligning

the intervention with the workplace’s core tasks to enhance

implementation (14). Further, occupational health interventions

to improve mental health in various settings (i.e., health

care, school) underline the importance of the implementation

process as low implementation fidelity (i.e., the extent to

which the intervention was delivered according to plan) is

often reported (15, 16). Reasons for low implementation

fidelity could be a bad fit of the intervention to the

context (17) or lack of support from the management

(18). Tailoring interventions to ensure a good fit is crucial

to safeguard acceptability and readiness for change, critical

factors for successful implementation. Researchers co-creating

their intended intervention with different stakeholders is one

suggested method to meet these criteria (17, 19). Co-creating

interventions mean that researchers, together with end-users

and other relevant stakeholders, discuss the agenda and goals,

explore the needs of end-users, decide on a format for the

collaboration and design the intervention (20). Hence, co-

creation will enhance participation among end-users and other

stakeholders. Fox et al. (11) recently proposed a participatory

process as an essential driver of well-being in occupational

health interventions.

Our objective was to evaluate the effectiveness of a

co-created occupational health intervention within the

construction industry and evaluate the implementation fidelity.

The research questions were:Was the intervention implemented
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as intended (i.e., fidelity)?Was there a difference in self-reported

symptoms of stress between the intervention and control group

over time? Was there a difference in reported role clarity,

quantitative demands, team effectiveness, psychosocial safety

climate, staffing, and planning between the intervention and

control group over time.

Methods

Study design and study population

This study reports the effectiveness and implementation

fidelity of a 2-year controlled trial. The trial is registered

in the ISRCTN clinical trial registry (ISRCTN16548039), and

the study has been approved by the Swedish Ethical Review

Authority (2019-02662).

Two regions within a large Swedish construction company

were recruited. Two large construction companies in Sweden

were contacted, and after a few meetings, one of them agreed

to participate in the study. In collaboration with representatives

from the company, we did a short listing of eligible branches

and regions. The building construction branch was chosen

as the context for the intervention. The national health and

safety manager was responsible for informing the regions about

the study and looking for potential participants. One region

(employees = 360) applied to participate in the study. We

matched a control group (another region) from the same branch

and of similar size (N > 300). Randomization was not viable

because the intervention region wanted all groups (construction

projects) to receive the intervention. Details on participant

eligibility criteria, and study setting are published elsewhere (21).

The gender distribution in the regions was approximately 80%

men and 20% women. Professionals accounted for around two-

thirds of the study population, while trade workers accounted

for one-third.

Intervention and implementation strategy

We co-created the program logic and implementation

strategy mainly with the construction company’s Health and

Safety Advisory Board (HSB). HSB was an existing group

comprising representatives from all organisational levels and

districts, including union representatives. Details on the

co-creation process are published elsewhere (21, 22). The

discussions were informed by a needs assessment (i.e., interviews

and a questionnaire) showing a need for improvement regarding

role clarity, quantitative demands, and stress. Results also

revealed that professionals were worse off than trade workers

regarding almost all measured psychosocial work factors and

stress. Therefore, the region chose intervention components

mainly targeting professionals. The intervention components

were part of their core tasks but were implemented to various

degrees. Also, the construction company had never viewed the

intervention components as factors to focus on to reduce stress.

Hence, the representatives chose intervention components

targeting performance and health in tandem. In Figure 1 we

outline the program logic of the intervention describing the

order in which changes are expected to occur. Also, all outcomes

and the intervention components are outlined. The organisation

had manuals for how to carry out the intervention components.

For example, the aim of structured roundmaking is described

in one of the manuals accordingly: “The aim of structured

roundmaking is for the first-line manager to plan for the

upcoming working procedures and remove obstacles to create

trouble-free production. By continuously following up on site,

the routine enhances control over the project’s quality, safety and

time plan for the first-line manager”.

The Production Academy (i.e., the implementation

support) was implemented to increase adherence to the

intervention components and included four modules with

various themes on project management. We intended to enroll

all construction projects (i.e., groups) in the implementation

support; however, since the pandemic hindered physical

meetings, the management chose to start with the four largest

groups. Yet, all projects were encouraged to perform the

intervention components.

The behavior change wheel, a framework to facilitate

the design and description of behavior change interventions,

guided the theory behind the implementation support (23).

The functions of education and modeling mainly directed the

content. In addition to the educational elements, the intention

was for the different projects to visit each other sites and

learn through observing different project management routines,

such as structured roundmaking. Module one focused on

production management, how to work with a weekly structure

and continuous improvement strategies for managers. Module

two focused on leadership and structured roundmaking. The

third module dealt with leadership and how to perform daily

briefings. The final module focused on leadership and how to

perform time plans.

Members of the organisation mainly delivered the modules;

however, an external consultant was partly responsible for the

first module. The four modules were delivered accordingly:

(1) A full-day face-to-face workshop plus a 2-h follow-up on

Teams, (2) A full day on Teams plus a 2-h follow-up on

Teams, (3) 3 h on Teams, (4) 3 h on Teams. The participating

projects were encouraged to discuss their status regarding

structured roundmaking and set up goals. All managers from

the projects were invited. Further information about the design

and theory behind the implementation strategy can be found

elsewhere (21, 22).
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FIGURE 1

Program logic of expected order of change (21).

Data collection and outcome measures

Implementation fidelity

Fidelity can be measured in different ways (24). We

measured adherence to the intervention (21) and the dose

delivered. Hence, we assessed to what degree end-users

performed structured roundmaking and duties clarification

before and after the study and to what extent the implementation

support was delivered. We planned to evaluate adherence with

a questionnaire (21) completed by each construction project’s

management team and observations, but this procedure was

not feasible due to the pandemic. However, the Operational

manager continuously evaluated the intervention components

at the construction project level using pre-set criteria. Thus, we

used these ratings to assess adherence at an aggregated, regional

level. For details on the pre-set criteria used for the evaluation,

see Appendix A. Dose delivered of the Production Academy (i.e.,

implementation support) was assessed using attendance lists

from the workshops.

E�ectiveness evaluation

Primary and secondary outcomes were assessed at baseline,

at 12 and 24 months, using an online survey distributed during

working hours. The primary outcome of stress was measured

with the Copenhagen Psychosocial Questionnaire (COPSOQ)

III (25, 26). The scale has three items: (1) How often have you

had problems relaxing? (2) How often have you been irritable?

(3) How often have you been tense? The items are preceded by

“These questions are about how you have been during the last

four weeks.” The response categories for the three stress items

range from (1) “all the time” to (5) “not at all”. For the analyses,

we converted the scale from 1–5 to 0–100 (26). Secondary

outcomes were role clarity (26), quantitative demands (26),

team effectiveness (27), psychosocial safety climate (28), staffing,

and planning (7). The measurement details of all secondary

outcomes are shown in Appendix A.

Statistical analysis

We measured fidelity by using descriptive statistics for

the two intervention components before and after the study.

Participants’ outcome and demographic characteristics at

baseline are presented as frequencies with percentages and

mean with SD. The scales role clarity and planning were

not normally distributed; thus, we transformed them using

the square root function. We applied likelihood-based, mixed-

effects repeated measures analyses to account for the dropout

during follow-up (29). However, the analyses are valid only

when the dropout pattern is missing at random (MAR). Since

MAR is an assumption that is impossible to verify statistically

(30, 31) and it is recommended to perform sensitivity analysis

using different missing not at random (MNAR) mechanisms

(32, 33), we applied pattern mixture models (PMM) (32, 34).

Hence, we identified missing data patterns (MDP) to model

the missing data distribution, and we created dummy variables

named MDP1, MDP2, etc. Next, we applied Marginal Means

Models (MMM) (i.e., Linear Mixed Model with fixed effects

only) to evaluate if each missing data pattern predicted the

outcome variable or interacted with time to predict changes in

the outcome variable over time. The missing data patterns or the
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interaction between MDP and time that predicted the outcome

were kept in the final model (34).

Marginal Means Models were applied to examine outcome

changes from baseline to 12 and 24 months in the intervention

group compared to the control group. Group and time variables

were treated as fixed factors. We used the interaction of group

and time as an indicator of the intervention effect at the different,

discrete time points. We tested for the potential confounding

variables age, gender, role seniority, job seniority, and education

in two steps. First, the variables were tested univariate with the

outcome. We continued the procedure only if the beta estimate

for the potential confounder was statistically significant. Next, if

the regression coefficient of group (intervention vs. control) or

the interaction term between group and time changed by more

than 20 %, the confounder was kept in the model.

Further, as the intervention component duties clarification

targeted only the professionals, and structured roundmaking

primarily targeted first-line managers, we performed sensitivity

analyses. However, team effectiveness was not applicable, as only

professionals were asked about these scale items. We aimed

to examine statistically significant and clinically meaningful

(i.e., noticeable differences for the individual) effects when

interpreting the results (35). For COPSOQ, a change of +/- 5 is

considered a noticeable difference (26, 36). P-values <0.05 were

considered statistically significant. We used IBM SPSS Statistics

28 to conduct the analyses for this study.

Results

Participants

Figure 2 outlines the response rates and the number of

workers included in the analysis at baseline and the two follow-

ups. The response rates were higher in the intervention group,

generating 101 complete cases vs. 41 in the control group.

We sent the questionnaire to all employees at all time points,

not restricting the sample only to employees responding at

baseline. To ensure all included participants were exposed to the

intervention, we excluded persons who only responded at the

last follow-up and were hired< 2 years ago. We did the same for

the control group to ensure the participants had been exposed

to the work environment long enough to perceive it accurately.

Thus, we included 359 and 275 workers in the analysis from the

intervention and control groups, respectively.

Outcome and demographical characteristics of the

workers at baseline are presented in Table 1. The participants’

background characteristics at baseline for the intervention

and control groups differed regarding age and job seniority.

Participants from the control group were older and had

worked longer in the organisation. The groups were equivalent

regarding gender, education, role seniority, and proportion

of professionals vs. trade workers and function among

professionals. For the outcomes, the groups differed significantly

regarding stress, quantitative demands and PSC. For all three

outcomes the intervention group had worse results, i.e., higher

self-reported stress, quantitative demands and lower results

on PSC.

Implementation fidelity

The organisation invited the four largest projects, i.e., teams,

to attend the implementation support, and all groups accepted to

participate. Four to sixmembers from each teamwere present on

all occasions. Hence, the implementation support was delivered

according to plan (i.e., high fidelity) for those participating

even though only four teams were enrolled. The organisation

decided to postpone the delivery of the Production Academy to

additional teams due to the pandemic.

Further, the results show that the adherence to both

intervention components increased slightly during the trial. The

assessments made by the organisation show that the mean value

for Duties clarification changed from 3, 55 to 4 on a 1–5 scale.

Structured roundmaking changed from 1, 75 to 1, 82 for the

projects not included in the Production Academy and from 2,

6 to 4 for the enrolled projects. Appendix B outlines the details

of the project ratings.

E�ects of the intervention

The results of the statistical analyses showed that there were

no differences in any outcome between the groups over time,

see Table 2. Therefore, we did not proceed with any analyses of

confounding background variables. However, of the six MDP:s,

four predicted one or several outcomes and thus were included

in the final models. For detailed information about the different

MDP:s and their effect on the outcomes, see Appendix C. All

outcomes except role clarity deteriorated during the trial for

the intervention and the control group. Yet, the control group

worsened slightly more than the intervention group in all

outcomes except for planning. Looking at clinically meaningful

results (i.e., noticeable differences for the individual), the

mean value for self-reported stress increased by five or more

scale points in the intervention (+5) and the control (+6.1)

group, respectively. We found a similar pattern for quantitative

demands. Thus, these outcomes appear to have deteriorated

noticeably in both groups.

To explore the effects of the intervention on the occupational

groups mainly involved in duties clarification and structured

roundmaking, we ran a sensitivity analysis. The results show

a similar trend for professionals and first-line managers as for

the whole group. No significant differences were observed over

time, and all outcomes except role clarity worsened for both

the intervention and control groups (see Table 3). However,
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FIGURE 2

Flow chart depicting the number of workers receiving and responding to the questionnaires at the di�erent time points. *They were excluded

from the analysis as they had only responded to the last follow-up and were hired less than two years ago.

comparing changes in mean values over time, we identified

a positive tendency for the intervention group compared to

the control group regarding role clarity. The professionals in

the intervention group improved by 5, 7 points (control +1,

9) and the first-line managers by 6, 2 points (control +0, 2).

Hence, role clarity appears to have improved noticeably for

professionals and first-line managers in the intervention group

(26, 36). The improvement could not be observed in the control

group. Also, there was a tendency toward an interaction of group

by time regarding planning ifor first-line managers (β = -.12,

CI = −0.253–0.021, p = 0.10), indicating a buffering effect of

the intervention as the control group decreased more than the

intervention group.

Discussion

This study aimed to evaluate the effectiveness of a co-created

intervention on psychosocial work factors and self-reported

symptoms of stress within the construction industry and

evaluate the implementation fidelity. The results show that the

implementation fidelity (i.e., intervention adherence and dose

delivered) was fairly high. However, we found no significant

differences between the intervention and control group for

any outcomes over time. Our results show that all outcomes,

excluding role clarity, deteriorated for both the intervention and

the control group. Yet, we observe a noticeable improvement in

role clarity for professionals, especially first-line managers, the

groups mainly targeted by the intervention.

Our results align with the program logic for this project,

which predicted that the implementation of structured

roundmaking and duties clarification would improve role

clarity. However, the theory of health, indicating that

high role clarity would be associated with low stress (37),

was contradicted. Instead, stress seemed highly related to

quantitative demands, which markedly increased in all groups

irrespective of occupation.

How can we understand the noticeable increase in stress

and quantitative demands during the trial? The pandemic

would be one obvious explanation as the study baseline was in

December 2019, and the last follow-up was in December 2021.

However, there is a lack of research to confirm or disprove

this trend. Nevertheless, the Swedish work environment

authority (38) reports increased work-related disorders between

2018–2020, mainly due to high workload. The increase was valid

regardless of gender, age or occupation. Also, the construction

company’s employee surveys and health assessments confirm

an adverse trend in the psychosocial work environment and
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TABLE 1 Outcome and demographical characteristics at baseline of the workers in the intervention and control group.

Variables Intervention groupN = 203 Control groupN = 124

Mean SD N % Mean SD N %

Age (years)* 39, 4* 12, 5 44, 2 12, 9

Male 162 79, 4 104 83, 9

Education

Elementary school (9 years)

Upper elementary school (> 9years)

University/college

Other

7

95

94

7

3, 4

46, 8

46, 3

3, 4

10

66

44

4

8, 2

54, 1

34, 4

3, 3

Function among professionals

First line manager

Site manager

Project manager

Project or production engineer

54

31

21

34

26, 6

15, 3

10, 3

16, 7

20

21

17

16

16, 1

16.9

13, 7

12, 9

Trade workers 62 30, 4 50 40,3

Professionals 141 69, 6 74 59,7

Job seniority*

<2

2–5

>5

34*

66

102

16, 8

32, 7

50, 5

14

17

91

11, 5

13, 9

74, 6

Role seniority

<2

2–5

>5

14

39

147

7

19, 5

73, 5

9

13

97

7, 6

10, 9

81, 5

Stress (0–100)* 34, 6* 18, 2 29, 3 18, 25

Quantitative demands (0–100)* 43, 1* 20, 4 36, 7 17, 6

Role clarity (0–100) 74, 9 16, 1 73, 7 17, 3

Planning (1–3) 2, 4 0, 6 2, 4 0, 6

Staffing (1–25) 14, 7 5, 6 15, 3 5, 7

Team effectiveness (1–5) 3, 9 0, 6 3, 8 0, 75

Psychosocial safety climate (1–5)* 3, 5* 0, 8 3, 1 0, 8

We used independent t-tests for continuous variables and Pearson’s chi-square test for categorical variables to compare the baseline characteristics between groups. SD =

standard deviation.
*p< 0.05.

stress for professionals and trade workers between 2020–2021.

Accordingly, the unfavorable development of most outcomes

in the intervention and control groups appears to be related

to factors outside the organisation. Additionally, the enrolled

region has not indicated that the intervention was burdensome

or demanding, which has been seen in similar studies reporting

adverse health effects (39, 40). Instead, the participants of

the co-creation process perceived the intervention components

and the implementation strategy as relevant and well-tailored

to the organisation’s context (22). Thus, given the positive

perceptions and as both the intervention and the control group

deteriorated, we do not believe the adverse effect was due to the

intervention. Instead, the intervention appears to have had some

buffering effect.

Despite the negative development in many outcomes, role

clarity increased noticeably for the professionals and the first-

line managers in the intervention group. Hence, there are

indicators that the intervention components duties clarification

and structured roundmaking positively affected this outcome

for these groups. Yet, the increase in role clarity did not

have the expected positive effect on symptoms of stress. One

explanation for this could be the time aspect. The main

growth in role clarity took place during the last year (i.e.,

2020–2021), and a possible effect of that increase on stress

might emerge later. Organisational and behavioral changes

take time (41), and research suggests a follow-up time of

two to three years (19). As low role clarity is a predictor

of stress (37) and specifically burnout among construction
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TABLE 2 Adjusted mean values and standard deviations (SD) at all time points for the intervention and control groups.

Variable Intervention group Control group Model

Mean SD Mean SD Beta CI p

Stress1 (0–100)

Baseline 34.8 18, 5 29.5 17, 8 −1.82 −5.81–2.16 0.369

12 months 36.2 23, 4 31.5 22, 1 −7.04 −12.7–(-1.37) 0.015

24 months 39.8 22, 1 35.6 19, 7

Intervention vs. control (group) 4, 17 −0.290–8,6 0.067

Interaction (group 0*time 0) 1.17 −3, 62–5.97 0.63

Interaction (group 0*time 1) 0.58 −4.13–5.29 0.81

Role clarity2 (0–100)

Baseline 73.6 18, 5 73.5 16, 9 0.38* 0.052–0.719 0.023

12 months 74.1 17, 9 71.5 17, 4 0.05 −0.176–0.267 0.69

24 months 76.3 15, 6 73.9 15, 1

Intervention vs. control (group) 0.16 −0.088–0.399 0.21

Interaction (group 0*time 0) 0.15 −426–0.127 0.29

Interaction (group 0*time 1) 0.04 −0.231–0.311 0.77

Quantitative demands3 (0-100)

Baseline 40.8 21, 4 36.1 18, 9 −3.21 −7.26−0.824 .12

12 months 40.3 23, 4 37.6 18, 6 −1.88 −5.82 – 2.06 .35

24 months 46.1 18, 1 42.7 17, 6

Intervention vs. control (group) 3.44 -.903 – 7.77 0.12

Interaction (group 0*time 0) 1.3 −3.58 – 6.17 0.60

Interaction (group 0*time 1) −0.69 −5.52−4.13 0.78

Team effectiveness (1–5)

Baseline 3.9 0, 70 3.9 0, 67 0.09 −0.092−0.266 0.34

12 months 4.0 0, 66 4.0 0, 63 0.18 0.006−0.349 0.04

24 months 3.9 0, 62 3.8 0, 62

Intervention vs. control (group) 0.09 −0.103−0.282 0.36

Interaction (group 0*time 0) -0.11 −0.330−0.109 0.33

Interaction (group 0*time 1) −0.06 −0.273−0.156 0.6

Psychosocial safety climate(1–5)

Baseline 3.4 0, 85 3.2 0, 78 0.12 −0.072−0.316 0.22

12 months 3.4 0, 82 3.3 0, 81 0.22 0.049−0.383 0.01

24 months 3.3 0, 78 3.0 0, 78

Intervention vs. control (group) 0.21 0.012−0.409 0.04

Interaction (group 0*time 0) 0.06 −0.179−0.307 0.60

Interaction (group 0*time 1) −0.07 −0.283−0.133 0.48

Planning1 (1-3)

Baseline 2.4 0, 57 2.4 0, 56 0.01* −0.047−0.057 0.85

12 months 2.5 0, 69 2.5 0, 69 0.11 0.042−0.180 0.00

24 months 2.2 0, 65 2.3 0, 59

Intervention vs. control (group) −0.02 −0.066−0.033 0.5

Interaction (group 0*time 0) 0.01 −0.055−0.071 0.80

Interaction (group 0*time 1) 0.00 −0.056−0.056 0.99

Staffing (1–25)

Baseline 14.6 5, 39 15.2 5, 35 1.6 0.356 – 2.88 0.012

12 months 15.2 5, 50 15.5 5, 34 1.9 0.664 – 3.12 0.00

24 months 13 5, 31 13.6 5, 32

Intervention vs. control (group) -0.56 −1.89 -.768 0.41

Interaction (group 0*time 0) 0.03 −1.54 – 1.60 0.97

Interaction (group 0*time 1) 0.30 −1.24 – 1.85 0.70

Beta values, confidence intervals (CI), and p-values for the estimates of time, group, and the interaction of time by group.
1Adjusted for MDP4, 2djusted for MDP1, 3Adjusted for MDP2, and 6.
*Values of a square root variable.
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TABLE 3 Adjusted mean values and standard deviations (SD) for professionals and first-line managers at all time points for the intervention and control groups.

Professionals First-line managers

Variable Intervention group Control group Intervention group Control group

Mean SD Mean SD Beta CI p Mean SD Mean SD Beta CI p

Stress1 (0–100)

Baseline 35.9 17, 9 32.2 17, 2 −0.74 −5.5 – 4.02 0.76 38.8 19, 2 29.9 18, 5 −0.44 −10.63 – 9, 75 0.93

12 months 37.3 22, 9 33.4 20, 8 −4.36 −11.2 – 2.44 0.21 38.9 24, 1 31.0 23, 2 −5.5 −18 – 7, 90 0.42

24 months 39.8 22, 0 36.0 19, 0 43.0 23, 1 33.5 19, 6

Intervention vs. control (group) 3.86 −1.41 – 9.14 0.15 9.53 −0.996 – 20.06 0.31

Interaction (group 0*time 0) −0.13 −5.77 – 5.51 0.96 −0.61 −12.24 – 11.01 0.92

Interaction (group 0*time 1) 0.10 −5.44 – 5.63 0.97 −1.71 −12.58 – 9.16 0.76

Role clarity2 (0–100)

Baseline 72.7 19, 1 72.2 16, 7 0.30 −0.100−0.693 0.14 69.9 19, 3 65.5 16, 6 −0.04* −0.785−0.704 0.91

12 months 74.2 18, 4 71.9 17, 1 .06 −0.218−0.336 0.68 72.0 19, 6 69.3 17, 7 0.28 −0.245−0.795 0.30

24 months 78.4 15, 9 74.1 15, 4 76.1 15, 9 65.7 15, 2

Intervention vs. control (group) 0.28 −0.030−0.594 0.08 0.67 0.101 – 1.245 0.02

Interaction (group 0*time 0) −2.5 −0.590−0.093 0.15 −0.37 −1.01−0.276 0.26

Interaction (group 0*time 1) −0.10 −0.439−0.229 0.54 −0.53 −1.13−0.067 0.08

Quantitative demands3 (0–100)

Baseline 45.1 20, 2 37.3 17, 3 −5.1 −9.42 –(-0.771) 0.021 43.8 22, 0 31.5 17, 3 −7.8 −16.73 – 1.08 0.08

12 months 44.9 23, 3 40.1 18, 3 −3.4 −7.59−0.797 0.11 44.9 22, 4 41.0 17, 1 −1.3 −9.60 – 7.04 0.76

24 months 52.0 15, 9 45.4 15, 7 53.7 15, 9 41.3 15, 6

Intervention vs. control (group) 6.6 1.73 – 11.45 0.008 12.5 3.36 – 21.54 0.01

Interaction (group 0*time 0) 1.2 −3.97 – 6.38 0.65 −1.16 −10.33 – 10.01 0.98

Interaction (group 0*time 1) −1.7 −6.83 – 3.36 0.50 −8.5 −18.09 – 1.07 0.08

Psychosocial safety climate

Baseline 3.5 0, 75 3.3 0, 72 0.13 −0.096−0.357 0.26 3, 5 0, 76 3.4 0, 74 0.37 −0.088−0.833 0.11

12 months 3.6 0, 75 3.4 0, 72 0.22 0.27−0.416 0.03 3.7 0, 76 3.5 0, 76 0.41 0.030−0.787 0.03

24 months 3.4 0, 73 3.2 0, 72 3.2 0, 75 3.1 0, 73

Intervention vs. control (group) −0.1 −0.1 0.22 −0.009−0.443 0.06 0.18 −0.252−0.608 0.42

Interaction (group 0*time 0) 0.02 −0.261−0.296 0.90 −0.11 −0.649−0.420 0.67

Interaction (group 0*time 1) −0.01 −0.254−0.225 0.90 0.03 −0.410−0.473 0.89

Planning1 (1–3)

Baseline 2.5 0, 55 2.6 0, 54 0.03 −0.030−0.091 .33 2.4 0, 56 2.5 0, 55 0.13* 0.009−0.249 0.04

12 months 2.6 0, 69 2.6 0, 63 0.10 0.015−0.181 .02 2.6 0, 68 2.5 0, 66 0.14 −0.005−0.286 0.06

24 months 2.4 0, 67 2.4 0, 59 2.3 0, 66 2.1 0, 58

Intervention vs. control (group) 0.01 −0.046−0.066 0.72 0.08 −0.022−0.191 0.12

Interaction (group 0*time 0) −0.04 −0.112−0.033 0.29 −0.12 −0.253−0.021 0.10

Interaction (group 0*time 1) −0.02 −0.083−0.049 0.62 −0.04 −0.162−0.072 0.45

Staffing (1–25)

Baseline 15.4 5, 22 16.7 5, 16 2.3 0.782 – 3.93 0.003 14.0 5, 37 16.2 5, 33 4.5 1.26 – 7.69 0.01

12 months 16.2 5, 20 16.9 5, 19 2.5 1.02 – 4.07 0.001 15.7 5, 38 16.5 5, 42 4.7 1.73 – 7.68 0.00

24 months 13.8 5, 16 14.3 5, 12 12.3 5, 33 11.7 5, 25

Intervention vs. control (group) −0.50 −2.10−0.101 0.54 0.60 −2.49– 3.68 0.70

Interaction (group 0*time 0) −0.79 −2.71–1.14 0.42 −2.84 −6.36−0.884 0.13

Interaction (group 0*time 1) −0.17 −2.07 – 1.73 0.86 −1.37 −4.86–2.13 0.44

1Adjusted for MDP4, 2Adjusted for MDP1, 3Adjusted for MDP2 and 6, 1Adjsuted for MDP4. *Values of a square root variable. Beta values, confidence intervals (CI), and p-values for the estimates of time, group, and the interaction of time by group.
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workers (3), our results are promising for future research

to improve the construction industry’s psychosocial work

environment. Still, more studies with larger sample sizes need

to test the intervention components’ effectiveness on stress

among professionals.

Low implementation fidelity is raised as one of the biggest

concerns in health-promoting research in the workplace (15,

42). Not adapting the intervention to the organisation’s specific

conditions and the needs of end-users hindering necessary

organisational and behavioral changes are suggested reasons

(43). Our results show a reasonably high implementation

fidelity, i.e., we could observe a behavior change for structured

roundmaking and duties clarification. The aim of co-creating

the intervention and the implementation plan was to ensure the

intervention targeted a problem raised by the end-users (i.e., that

it was relevant and meaningful) and was feasible to implement.

It is reasonable to assume that the involvement of different

stakeholders enabled a buy-in from both the management and

end-users, facilitating readiness for change. Hence, the results

of our study support the notion that co-creating occupational

health interventions could be one solution for improved

implementation of occupational health interventions.

Limitations and strengths

We acknowledge the limitation of the low response rates,

especially in the control group, possibly introducing attrition

bias. However, we applied pattern mixture models (44) to allow

the slope to differ within subgroups of different dropout patterns

to account for this dropout.

Applying linearmixedmodels (LMM) to handlemissingness

is only correct if the MAR assumption is correctly understood.

However, researchers commonly misunderstand the MAR

assumption, rendering biased results (45). Our results showed

that several of the MDP:s significantly impacted various

outcomes, which justifies the use of PMM in this study.

Yet, a limitation of PMM is the decrease of power as

the analysis includes additional predictors in the model (34).

Also, the co-creation method contributed to power issues

because the organisation chose to target mainly the professionals

with the intervention. We assumed that all occupations would

be involved in the intervention when we did the power

calculation (21). In this research design, these types of possible

misunderstandings resulting from the co-creation process are

essential to consider since theymay otherwise result in decreased

internal validity.

Nevertheless, using co-creation is a strength of this

study as the method appears to have facilitated adherence

to the intervention components and thus a necessary

behavioral change. Hence, co-creating the intervention

and the implementation strategy seems to enable acceptability

and feasibility, which are essential factors for successful

implementation. Another strength of the present study is

the fact that we measured fidelity and how we measured it.

A recent narrative review on fidelity in workplace mental

health intervention research shows that only 20% of the

included studies used the word “fidelity” or a similar concept.

The adherence measurement in the present study made it

possible to link the changes in the outcomes to an actual

intervention-related behavior change. Research suggests that

adherence measurements should rely on observations rather

than self-reporting (37), aligning with our planned strategy.

However, because of the pandemic, we could not enter

the worksites. Instead, one organisation member made the

assessments in discussion with the project management team

using predetermined criteria.

More, this study’s external validity is a methodological

consideration because we could not randomize the intervention

and control group, likely rendering selection bias. The

management team of the enrolled region had a high engagement

in work environment improvements and a high organisational

capability (46). However, we believe that the evaluated

intervention components generally apply in the construction

industry and that the associated improvements in role clarity

are generalisable to these settings. Finally, other strengths of the

design of this study are the long follow-up time, 24 months,

the use of a logic model, and the fact that the management

approved including the co-created intervention components in

the business case.

Concluding remarks

This is the first study evaluating the effects of structured

roundmaking and duties clarification on psychosocial working

conditions and mental health (stress). Our results show no

significant differences between the intervention and control

group over time for the primary outcome stress. However, we

present evidence for the beneficial effect of duties clarification

and structured roundmaking on professionals’ psychosocial

working conditions (role clarity). Hence, this study adds to the

literature by displaying how an occupational health intervention

can improve role clarity, a significant predictor of health for

construction workers.

Further, the use of co-creation appears to have positively

impacted implementation fidelity, i.e., adherence to the

intervention components. Our results are significant as the need

to identify efficient strategies for enhancing the implementation

of occupational health interventions is stressed. Also, the study

provides a novel methodological approach to handling high

dropout rates, an increasing problem in intervention studies.

More studies are needed to evaluate these intervention

components with higher power and two to three-year follow-

ups. Also, we recommend researchers of future intervention

studies consider the use of MNAR sensitivity analysis, of which
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PMM is one example. Finally, the possible increased risk for

professionals and first-line managers within the construction

industry to suffer from stress-related problems also needs

further investigation.
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