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Abstract
Objectives

To evaluate the prospective association between safety climate and work ability in blue-collar workers.
Methods

Blue-collar workers (n=3822) from the Danish Work Environment and Health study replied to questions on
safety climate, physical and mental work ability, and health in 2012 and 2014. Using multivariate logistic
regression, we estimated the association of number of safety climate problems (0-5) in 2012 with physical
and mental work ability in 2014. Potential confounders included sex, age, socioeconomic class,
occupational group, lifestyle (smoking habits and body mass index), and previous accidents.

Results

Compared to workers free from safety climate problems, workers reporting two and three safety climate
problems, respectively, had higher risk for reporting reduced physical work ability in 2014 (OR 1.29, Cl 95%
1.03-1.61 and 1.52, CI 95% 1.27-1.84, respectively). Similar findings were observed with mental work
ability as outcome. Using number of safety climate problems as a continuous variable, a dose-response
association existed both for physical and mental work ability (trend-test P<0.0001).

Conclusion

A dose-response association between the number of safety climate problems and lower physical and
mental work ability two years later. Safety climate problems should be highly prioritized in blue-collar

companies to avoid loss of work ability.

Key terms: Occupational health and safety; occupational injury; safety culture; accident; mental health;

physical health; mental work ability; physical work ability

Strengths and limitations of this study

- The prospective design that enables implications of the relationship between reported safety

climate problems in 2012 and physical and mental work ability in 2014.
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- The study is based on self-reported questionnaire data rather than measurements that are more
objective.

- The present study was a questionnaire survey with volunteer participation, therefore there might
have been selection bias.

- Theresponse rate since 3822 of the 6249 participants that were invited to fill in the questionnaire
in both 2012 and 2014 replied, and it is possible that some of the workers did not reply due to long
term sickness absence which could be related to physical and mental work ability, which might
have resulted in more conservative estimates.

- We did not take job changes from 2012 to 2014 into account, therefore some of the blue-collar

workers could have changed jobs during the period.

Funding

This research received no specific grant from any funding agency in the public, commercial or not-for-profit

sectors

Introduction

Blue-collar workers as a group are exposed to manual physical work and experience problems related to
increased risk of accidents, poor work ability and poor safety climate [1].

Safety climate measurements have in recent years developed into a widely recognized predictor for
accidents both at local organizational level [2,3] and in the general working population [4,5]. Originally
developed by Israeli social scientist Dov Zohar [6] safety climate as a concept now has almost 40 years of
tenure to its name. Whereas the focus for safety climate investigations has been on evaluating the
construct’s capability to foresee the risk for accidents in work, the construct addresses a number of
organizational issues, which may, in fact, have a wider impact on health and safety outcomes, which in turn
are important for how the workers are able to perform their job.

For instance, a number of questions related to manager’s and worker’s orientations and practices regarding

safety may in fact also be indicators of their orientations and practices concerning other aspects of health
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and safety, such as physically exerting work and low job control which over the long term can lead to loss of

mental and physical work ability [7].

Work ability is a measure of the workers capacity in relation to the physical and mental work demands
[8,9]. Poor work ability has been associated with long term sickness absence, chronic disease, loss of
productivity, all-cause mortality and early retirement [10—-14]. Whereas good work ability has been shown

to bolster against the negative effects of chronic diseases on long term sickness absence [15].

That the safety climate concept may be important for maintaining a good physical and mental work ability
seems even further reasonable as earlier qualitative research has indicated that a number of cultural
characteristics tied to safety culture within work [16] are much the same as those tied to physical risk factor
prevention [17]. For example, managerial attention to as well as priority and support of preventive
activities and practices are highly important in all areas of occupational health and safety [18,19]. Thus, a
good safety climate may be an important part of primary prevention to maintain a good work ability. If it is,
in fact, the case, that safety climate questionnaire items are capable of predicting work ability outcomes of
physical and mental character, this may provide an easily accessible indication of the potential benefits to
work ability from improving the safety climate. This may be highly beneficial to both researchers, OSH-
professionals, organizations, and society.

Hence, in this study, we evaluate whether safety climate problems would be predictive of future physical

and mental work ability among blue-collar workers.
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Methods

Study design

This prospective cohort study uses questionnaire data on safety climate and physical and mental work
ability from the Danish Work Environment and Health study [20,21]. The reporting of this study follows the

"Strengthening the Reporting of Observational Studies in Epidemiology" (STROBE guideline) [22].

Ethics

The study was notified to and registered by the Danish Data Protection Agency (Datatilsynet; journal
number 2015-57-0074). According to Danish law, questionnaire and register-based studies need neither
approval by ethical and scientific committee nor informed consent. All data were processed and analysed

anonymously.

Participants

Baseline characteristics are shown in table 1. The population for the study consisted of blue-collar workers
who participated in both the 2012 and the 2014 wave of the DWECS [20,21], which served as baseline and
follow up, respectively. A random sample of 6249 blue-collar workers aged 18-64 years was invited to
participate in the DWECS in both 2012 and 2014. In total 3822 blue-collar workers participated in both 2012
and 2014 and serves as the study sample, and are representative of the Danish blue-collars working

population.

Questionnaire variables

Safety climate

Five items were selected from the Nordic Occupational Safety Climate Questionnaire (NOSACQ-50) and
provided a short version of vital aspects of the safety climate concept [6,23—-26]. The original NOSAQ-50
survey contains 50 items, but due to practical reasons, only five items were included in the DWECS survey:

1) “Management ensures that everyone receives the necessary information on safety”, 2) “Management
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encourages employees here to work in accordance with safety rules — even when the work schedule is
tight”, 3) “Management involves employees in decisions regarding safety”, 4) “We who work here help each
other to work safely” and 5) “We who work here consider minor accidents as a normal part of our daily
work” (negated or reversed item). The particular selection of these questions was that they are indicative
of the true priority of safety and therefore concern managerial level priorities of safety (question 1-3) and
group level commitment to work safely (question 4-5). Each question was asked with four options on a 4-
point scale of "strongly agree", "agree", "disagree", or "strongly disagree". All responses of “disagree” or
“strongly disagree” were interpreted as a safety climate problem, except for question 5 (negated wording),
where “agree” or “strongly agree” were interpreted as a safety climate problem. For further analyses, a

variable containing information on the number of safety climate problems was generated ranging from 0 to

>3 problems.

Work ability

Two single-item questions from the Work Ability Index questionnaire [27] were used to evaluate work
ability in regard to the physical and mental demands of the job: (i) “How do you rate your current work
ability with respect to the physical demands of your work?” (ii) “How do you rate your current work ability
with respect to the mental demands of your work?”. For each question, respondents replied on a 5-point

Likert scale: "excellent", "very good",

good", "fair" or "poor".

Control variables

In the analyses we adjusted for; age (continuous), gender (male, female), socioeconomic class, occupational
group, lifestyle and previous accidents in 2012. Furthermore, mental and physical work ability also served
as a control variable. Socioeconomic class was coded into a binary variable according to Statistic Denmark’s
SOCIO13 variable: 1) employees engaged in work that requires basic level skills, and 2) other employees.
Occupational group was coded and categorized (1-9) according to the 1988 revision of the Danish version

of the International Standard Classification of Occupations register (D-ISCO 08): 1) management work, 2)
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work requiring knowledge at the highest level within the area concerned, 3) work that requires medium
level knowledge, 4) regular office and customer service, 5) service and sales work, 6) work in agriculture,
forestry and fishing (excluding assisting), 7) craftsmanship, 8) operator and assembly work as well as
transport work, and 9) other manual work.

Lifestyle factors could potentially affect attention towards accidents and included smoking (never, ex-
smoker, yes) and body mass index (BMI (kg/m2)), which was determined from respondents' self-reported

height and weight

Statistical analysis

Using general models (Proc Genmod) of SAS version 9.4., multivariate logistic regression was used to model
the association between number of safety climate problems in 2012 and work ability in 2014. Work ability
was the dependent variable and number of safety climate problems the independent variable. The first
model was controlled for age and sex, and the second model was controlled for all the previously
mentioned confounders. Estimates are reported as odds ratios (OR) and 95% confidence intervals (95% Cl).
Furthermore, to test the dose-response association, the number of safety climate problems was introduced
as a continuous variable in a separate trend test. Finally, we tested the association between each of the five

single-item question about safety climate and ability using the same models as above.

Results

Table 1 shows the demographics, lifestyle, socio-economical class, D-ISCO-categories as well as baseline
safety climate, mental and physical work ability. Of the 6249, participants that were invited to participate in
the DWECS in both the 2012 and 2014 3822 answered the questions regarding physical work ability in both

2012 and 2014. Therefore the response rate were 3822/6249*100 = 61.2%.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 9 of 19 BMJ Open

oNOYTULT D WN =

Table 2 shows the number of safety climate problems related to physical and mental work ability.
Compared to participants with no safety climate problems, participants reporting two safety problems had
a higher risk for reporting reduced physical work ability in 2014 (OR 1.29, Cl 95% 1.03—-1.61) and the risk
was even higher for participants reporting three or more safety problems (OR 1.52, Cl 95% 1.27-1.84). The
same picture was observed in the analyses with mental work ability as outcome measure. Using number of
safety climate problems as a continuous variable, a dose-response association existed both for physical and

mental work ability (trend-test P<0.0001).

Table 3 shows physical and mental work ability related to each single safety climate problem in 2012. Of
the five single questions all were significant increased odds ratio for reduced mental work ability and all,
except one; We who work here consider minor accidents as a normal part of our daily work (negated or

reversed item) with an odds ratio of 1.05 (Cl 0.90-1.22).

N Mean SD %

Gender 3822

Men 1917 50.16
Women 1905 49.84
Age 3822 46.45 10.31

Body mass index (kg/m?) 3777 26.17 4.42

Smoking habits 3800

Smoker 928 24.42
Ex-smoker 1122 29.53
Non-smoker 1750 46.05
Socioeconomic class 3822

Work that requires basic skills 3215 82.12
Other employees 607 15.88
Occupational group 3822

Without category 41 1.07
Management work 12 0.31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Work requiring knowledge at the highest level within the area concerned
Work that requires medium level knowledge

Regular office and customer service

Service and sales work

Work in agriculture, forestry and fishing (excluding assisting)
Craftsmanship

Operator and assembly work as well as transport work

Other manual work

21 accident leading to 21 day of sickness absence in the 12 months prior
to completing the survey in 2012

No
Yes

Safety climate problems (% disagreeing)

Management ensures that everyone receives the necessary information
on safety

Management encourages employees here to work in accordance with
safety rules — even when the work schedule is tight

Management involves employees in decisions regarding safety

We who work here help each other to work safely

We who work here consider minor accidents as a normal part of our daily
work (negated or reversed item)

Accumulated safety climate problems
0

1

2

>3

Physical work ability
Poor

Fair

Good

Very good

Excellent

Mental work ability
Poor

Fair

Good

Very good

Excellent

17
42
761
1257
29
621
433
609

3808

3511
297

3557

584

814
993
534

1016

3575
1585
1019
355
616

3822
36
327
1178
1470
811

3818
58
295
1109
1600
756

Page 10 of 19

0.44
11
19.91
32.89
0.76
16.25
11.33
15.93

92.2
7.8

17.19

23.83
28.98
15.7

31.73

44.34
28.5
9.93

17.23

0.94
8.56
30.82
38.46
21.22

1.52
7.73
29.05
41.91
19.8
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Table 1. Demographics, lifestyle, socio-economical class, D-ISCO-categories as well as baseline safety

climate, mental and physical work ability. SD=Standard Deviation, D-ISCO=Danish version of International

Standard Classification of Occupations

Physical work ability

Mental work ability

Model 1 Model 2 Model 1 Model 2
Number of safety climate Odds Odds Odds
problems Odds ratio 95% CI ratio 95% Cl ratio 95%Cl ratio  95% Cl
1vsO 1.22 1.05-1.41 1.19 1.02-1.39 1.21 1.04-1.40 1.18 1.01-1.37 ‘
\
2vs0 1.32 1.06-1.64 1.29 1.03-1.61 1.32 1.06-1.64 1.29 1.03-1.61
23vs0 1.55 1.29-1.87 1.52 1.27-1.84 1.50 1.25-1.80 1.43 1.19-1.72

Table 2. Number of safety climate problems related to physical and mental work ability. CI=Confidence

Interval. Adjustments: Model 1. Gender and age. Model 2. Gender, age, socioeconomic class, occupational

group, lifestyle (smoking habits and body mass index), mental and physical work ability in 2012 and

previous accident in 2012.

Physical Mental work
work ability ability
Odds Odds
Question ratio Cl ratio Cl
1. Management ensures that everyone receives the necessary
information on safety. 1.27- 1.09-
1.53 1.85 132  1.59
2. Management encourages employees here to work in accordance with 1.18- 1.09-
safety rules — even when the work schedule is tight. 1.39 1.63 1.28 1.51
1.08- 1.08-
3. Management involves employees in decisions regarding safety 1.26 1.47 1.26 1.47
1.14- 1.09-
4. We who work here help each other to work safely 1.38 1.68 1.32 1.60
5. We who work here consider minor accidents as a normal part of our 0.90- 1.02-
daily work (negated or reversed item) 1.05 1.22 1.19 1.38
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Table 3. Physical and mental work ability related to each single safety climate problem in 2012.
Adjustments: Gender, age, socioeconomic class, D-ISCO-group (Danish version of international standard

classification of occupations), lifestyle (smoking habits and body mass index).

Discussion

The results of the present study shows a dose response association between the number of safety climate
problems and decreased physical and mental work ability after two years (from 2012 to 2014).
Furthermore, the results suggest that safety climate problems are generally important, since all questions
in the safety climate questionnaire; 1) “Management ensures that everyone receives the necessary
information on safety”, 2) “Management encourages employees here to work in accordance with safety
rules — even when the work schedule is tight”, 3) “Management involves employees in decisions regarding
safety”, 4) “We who work here help each other to work safely” and 5) “We who work here consider minor
accidents as a normal part of our daily work” (negated or reversed item) were related to a decrease mental
work ability after two years. For physical work ability all questions except 5) “We who work here consider
minor accidents as a normal part of our daily work” (negated or reversed item) were related to a decrease

after two years.

The data in the present study are analysed using two models. Model 1 is adjusted to age and gender, while
model 2 further is adjusted to socioeconomic class, D-ISCO-group (Danish version of international standard
classification of occupations), lifestyle (smoking habits and body mass index), and previous accident in 2012
(Table 2). This step-wise adjustment for potential confounders did not change the odds-estimates to any
significant extent. Thus, it appears, that job group, lifestyle and socioeconomic class does not have a large
impact on the relationship between safety climate problems and future work ability. The consequence of

safety climate problems on work ability, therefore, seem to be present across occupation and health
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behaviour (i.e. lifestyle). Primary and secondary prevention of safety climate problems at the workplace

should be highly prioritised among all blue collar workers.

The present study shows a clear dose-response association between the number of safety climate
problems and reduced physical and mental work ability. Even experiencing one safety climate problem
increases this risk significantly (table 2). In other words, the more safety climate problems experienced, the
higher the risk of reporting reduced physical and mental work ability after two years. The data for the five
single safety climate questions (table 3), shows an increased risk of experiencing a reduced work ability
from all questions, and all except question 5 for mental and physical work ability, respectively. Together the
data from the present study suggests that it is not enough to bring focus to one safety climate problem if
the companies should have success in reducing the risk of affecting the physical and mental work ability of
the workers. Rather, it is important to address each of the safety climate-related issues.

Measurements of safety climate instead of injury claims distinguish by the ability to predict the risks of
injury and react before they actually occur, and thereby help workplaces with safety climate problems to
target their initiatives before they lead to injury [28]. Safety climate problems have previously been
associated with increased risk of accidents among blue-collar workers [5] and in the general working
population [29]. Therefore, it is important for companies to prioritise safety climate, since it is associated

with not only an increased risk of accidents but also lower physical and mental work ability.

Safety climate problems have previously been associated with occupational accidents [5]. The present
study elaborates on this finding by showing that safety climate problems predict risk of decreased work
ability. Thus, it could be speculated that our measure of safety climate is a proxy measure for perceived
overall working environment among blue-collar workers. Furthermore, measuring safety climate instead of
actual accidents provides the advantage for the companies to focus on preventive measures by improving

different aspects of the safety climate before an accident occurs [28] and thereby further impacting work
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ability. This suggests that companies should bring safety climate into focus and implement initiatives that

reduce the safety climate problems.

Strengths and limitations

The present study has both strengths and limitations. A strength is the prospective design that enables
implications of the relationship between reported safety climate problems in 2012 and physical and mental
work ability in 2014. Nevertheless, a limitation of the present study is that it is based on self-reported
guestionnaire data rather than measurements that are more objective. The results could, therefore, have
been affected by recall bias. The present study was a questionnaire survey with volunteer participation,
therefore there might have been selection bias. Another limitation is the response rate since 3822 of the
6249 participants that were invited to fill in the questionnaire in both 2012 and 2014 replied. Therefore, it
is possible that some of the workers did not reply due to long term sickness absence which could be related
to physical and mental work ability, which might have resulted in more conservative estimates.
Furthermore, a limitation is that we did not take job changes from 2012 to 2014 into account, therefore

some of the blue-collar workers could have changed jobs during the period.

Conclusion

This study shows a dose response association between the number of safety climate problems and future
decrease in physical and mental work ability. Furthermore, the study shows that all safety climate problems
are important, since all questions in the safety climate questionnaire 1) “Management ensures that
everyone receives the necessary information on safety”, 2) “Management encourages employees here to
work in accordance with safety rules — even when the work schedule is tight”, 3) “Management involves
employees in decisions regarding safety”, 4) “We who work here help each other to work safely” and 5) “We
who work here consider minor accidents as a normal part of our daily work” (negated or reversed item)

were related to a decrease mental work ability after two years. For physical work ability all questions
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except 5) “We who work here consider minor accidents as a normal part of our daily work” (negated or

reversed item) were related to a decrease after two years. Therefore, safety climate problems should be

highly prioritized in blue-collar companies, since safety climate can predict physical and mental work ability.

Author contributions

Mikkel Brandt, Jeppe ZN Ajslev and Lars L. Andersen designed the study. Lars L. Andersen performed the
statistical analysis. Mikkel Brandt and Jeppe Ajslev wrote the initial draft for the article. Emil Sundstrup and
Ninna Maria Wilstrup contributed with valuable feedback and sparring on the interpretation of data. All

authors provided feedback on the manuscript, before approving the final version.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 16 of 19

Literature

1

10

11

12

13

14

Det Nationale Forskningscenter for Arbejdsmiljg. Fakta om Arbejdsmiljg & Helbred 2016. Copenhagen:
: Det Nationale Forskningscenter for Arbejdsmiljg 2017.
http://www.arbejdsmiljoforskning.dk/da/nyheder/arkiv/2017/~/media/Projekter/AH2016/Fakta-om-
Arbejdsmiljoe-og-Helbred-2016.pdf (accessed 29 Dec 2017).

Chen Y, McCabe B, Hyatt D. Impact of individual resilience and safety climate on safety performance
and psychological stress of construction workers: A case study of the Ontario construction industry. J
Safety Res 2017;61:167-76. doi:10.1016/j.jsr.2017.02.014

Griffin MA, Curcuruto M. Safety Climate in Organizations. Annual Review of Organizational Psychology
and Organizational Behavior 2016;3:191-212. doi:10.1146/annurev-orgpsych-041015-062414

Barbaranelli C, Petitta L, Probst TM. Does safety climate predict safety performance in Italy and the
USA? Cross-cultural validation of a theoretical model of safety climate. Accid Anal Prev 2015;77:35-44.
doi:10.1016/j.aap.2015.01.012

Ajslev JZN, Sundstrup E, Jakobsen MD, et al. Is perception of safety climate a relevant predictor for
occupational accidents? Prospective cohort study among blue-collar workers. Scand J Work Environ
Health 2018;44:370-6. doi:10.5271/sjweh.3723

Zohar D. Safety climate in industrial organizations: Theoretical and applied implications. Journal of
Applied Psychology 1980;65:96—102. doi:10.1037/0021-9010.65.1.96

Costa G, Sartori S. Ageing, working hours and work ability. Ergonomics 2007;50:1914-30.
doi:10.1080/00140130701676054

lImarinen J, Tuomi K. Past, Present and Future of Work Ability. People and Work -Research Reports | J
and L S Helsinki, Finland, Finnish Institute of Occupational Health 2004;:65: 581-589.

IImarinen J. Work ability--a comprehensive concept for occupational health research and prevention.
Scand J Work Environ Health 2009;35:1-5.

Tuomi K, limarinen J, Eskelinen L, et al. Prevalence and incidence rates of diseases and work ability in
different work categories of municipal occupations. Scand J Work Environ Health 1991;17 Suppl 1:67—
74.

Alavinia SM, de Boer AGEM, van Duivenbooden JC, et al. Determinants of work ability and its predictive
value for disability. Occup Med (Lond) 2009;59:32-7. doi:10.1093/occmed/kqn148

Seitsamo J, Martikainen R. Work ability and all cause mortality; A 25-year longitudinal study among
Finnish municipal workers. Promotion of workability towards prodctive ageing London: Taylor and

Francis Group Kumashiro M 2009. 101-4.

Vanni K, Virtanen P, Luukkaala T, et al. Relationship between perceived work ability and productivity
loss. Int J Occup Saf Ergon 2012;18:299-309.

Neupane S, Miranda H, Virtanen P, et al. Multi-site pain and work ability among an industrial
population. Occup Med (Lond) 2011;61:563-9. doi:10.1093/occmed/kqrl130

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 17 of 19

oNOYTULT D WN =

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

BMJ Open

Sundstrup E, Jakobsen MD, Mortensen OS, et al. Joint association of multimorbidity and work ability
with risk of long-term sickness absence: a prospective cohort study with register follow-up. Scand J
Work Environ Health Published Online First: 6 January 2017. doi:10.5271/sjweh.3620

Choudhry RM, Fang D, Mohamed S. The nature of safety culture: A survey of the state-of-the-art.
Safety Science 2007;45:993-1012. doi:10.1016/j.ssci.2006.09.003

Ajslev JZN, Lund HL, Mgller JL, et al. Habituating pain: Questioning pain and physical strain as
inextricable conditions in the construction industry. Nordic Journal of Working Life Studies 2013;3:195.
doi:10.19154/njwls.v3i3.3018

Ajslev JZN, Persson R, Andersen LL. Contradictory individualized self-blaming: a cross-sectional study of
associations between expectations to managers, coworkers, one-self and risk factors for
musculoskeletal disorders among construction workers. BMC Musculoskelet Disord 2017;18:13.
doi:10.1186/s12891-016-1368-1

Grill M, Pousette A, Nielsen K, et al. Safety leadership at construction sites: the importance of rule-
oriented and participative leadership. Scand J Work Environ Health 2017;43:375-84.
doi:10.5271/sjweh.3650

NRCWE. Arbejdsmiljg og Helbred 2012. Copenhagen, Denmark: : National Research Centre for the
Working Environment 2012.

NRCWE. Danskernes Arbejdsmiljg 2014. Copenhagen, Denmark: : National Research Centre for the
Working Environment 2014.

von EIm E, Altman DG, Egger M, et al. Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational studies. BMJ 2007;335:806—
8. d0i:10.1136/bmj.39335.541782.AD

Kines P, Lappalainen J, Mikkelsen KL, et al. Nordic Safety Climate Questionnaire (NOSACQ-50): A new
tool for diagnosing occupational safety climate. International Journal of Industrial Ergonomics
2011;41:634-46. doi:10.1016/j.ergon.2011.08.004

Zohar D. A group-level model of safety climate: Testing the effect of group climate on microaccidents in
manufacturing jobs. Journal of Applied Psychology 2000;85:587-96. doi:10.1037//0021-9010.85.4.587

Zohar D. Thirty years of safety climate research: Reflections and future directions. Accident Analysis &
Prevention 2010;42:1517-22. d0i:10.1016/j.aap.2009.12.019

Neal A, Griffin MA. Safety climate and safety behaviour. Australian journal of management
2002;27:67-75.

Tuomi K, llmarinen J, Jahkola A, et al. Work Ability Index. 1998.

Lagerstrom E, Magzamen S, Kines P, et al. Determinants of Safety Climate in the Professional Logging
Industry. Safety 2019;5:35. doi:10.3390/safety5020035

Ajslev J, Dastjerdi EL, Dyreborg J, et al. Safety climate and accidents at work: Cross-sectional study

among 15,000 workers of the general working population. Safety Science 2017;91:320-5.
doi:10.1016/j.ssci.2016.08.029

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 19


http://bmjopen.bmj.com/

Page 19 of 19

BMJ Open

STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3-4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 5
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 5-7
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-7
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 7
confounding
(b) Describe any methods used to examine subgroups and interactions
(c¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) Table
and information on exposures and potential confounders 213_ P-
(b) Indicate number of participants with missing data for each variable of
interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Report numbers of outcome events or summary measures over time 8

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 20 of 19
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 8 &
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 10
and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 8 &
analyses 10
Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 13
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 11-
multiplicity of analyses, results from similar studies, and other relevant evidence 13
Generalisability 21 Discuss the generalisability (external validity) of the study results i;'
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 3
applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.

For peer review only - http://bmjopenz.bmj.com/site/about/guidelines.xhtml

VN Y

o~


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Safety climate as a predictor of work ability problems in
blue-collar workers: Prospective cohort study

Journal:

BMJ Open

Manuscript ID

bmjopen-2020-040885.R1

Article Type:

Original research

Date Submitted by the
Author:

08-Oct-2020

Complete List of Authors:

Brandt, Mikkel; National Research Centre for the Working Environment,
MSD

Sundstrup, Emil; National Research Centre for the Working Environment,
Andersen, Lars L; National Research Centre for the Working
Environment, MSD; Aalborg University, Physical Activity and Human
Performance group - SMI, Department of Health Science and Technology
Wilstrup, Ninna Maria; National Research Centre for the Working
Environment, MSD

Ajslev, Jeppe ZN; National Research Centre for the Working Environment

<b>Primary Subject
Heading</b>:

Epidemiology

Secondary Subject Heading:

Occupational and environmental medicine

Keywords:

EPIDEMIOLOGY, Health & safety < HEALTH SERVICES ADMINISTRATION
& MANAGEMENT, Organisational development < HEALTH SERVICES
ADMINISTRATION & MANAGEMENT, Risk management < HEALTH
SERVICES ADMINISTRATION & MANAGEMENT, MENTAL HEALTH,
OCCUPATIONAL & INDUSTRIAL MEDICINE

SCHOLA

RONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘ybuAdoo Ag palosloid 1sanb Ag 202 ‘6 [udy uo /wod fwg uadolwgy/:dny wouy papeojumod “TZ0Z YdIeN Z U0 §880¥0-0202-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 1 of 21

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Safety climate as a predictor of work
ability problems in blue-collar workers:
Prospective cohort study

Mikkel Brandt, PhD?, Emil Sundstrup, PhD?, Lars L. Andersen, PhD*2, Ninna Maria Wilstrup, MSSc?, Jeppe ZN
Ajslev, PhD2.

1) National Research Centre for the Working Environment, Copenhagen, Denmark.
2) Physical Activity and Human Performance group - SMI, Department of Health Science and Technology,
Aalborg University, Aalborg, Denmark

Corresponding author:

Mikkel Brandt, National Research Centre for the Working Environment, Lersg Parkalle 105, Copenhagen,
Denmark, Phone: (+45) 39 16 53 42, E-mail: mbp@nfa.dk

Other authors:

Emil Sundstrup, National Research Centre for the Working Environment, Lersg Parkalle 105, Copenhagen,
Denmark, Phone: (+45) 39 16 52 52, E-mail: esu@nfa.dk

Lars L. Andersen, National Research Centre for the Working Environment, Lersg Parkalle 105, Copenhagen,

Denmark, Phone: (+45) 39 16 53 19, E-mail: lla@nfa.dk

Ninna Maria Wilstrup, National Research Centre for the Working Environment, Lersg Parkalle 105,
Copenhagen, Denmark, Phone: (+45) 39 16 53 67, E-mail: nmw@nfa.dk

Jeppe ZN Ajslev, National Research Centre for the Working Environment, Lersg Parkalle 105, Copenhagen,
Denmark, Phone: (+45) 39 16 52 63, E-mail: jza@nfa.dk

Numbers of tables: 3

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 21


mailto:mbp@nfa.dk
mailto:esu@nfa.dk
mailto:lla@nfa.dk
mailto:nmw@nfa.dk
mailto:jza@nfa.dk
http://bmjopen.bmj.com/

Page 3 of 21 BMJ Open

oNOYTULT D WN =

Abstract
Objectives

To evaluate the prospective association between safety climate and work ability in blue-collar workers.
Methods

Blue-collar workers (n=3822) from the Danish Work Environment and Health study replied to questions on
safety climate, physical and mental work ability, and health in 2012 and 2014. Using multivariate logistic
regression, we estimated the association of number of safety climate problems (0-5) in 2012 with physical
and mental work ability in 2014. Potential confounders included sex, age, socioeconomic class,
occupational group, lifestyle (smoking habits and body mass index), and previous accidents.

Results

Compared to workers free from safety climate problems, workers reporting two and three or more safety
climate problems, respectively, had higher risk for reporting reduced physical work ability in 2014 (OR 1.29,
Cl 95% 1.03-1.61 and 1.52, Cl 95% 1.27-1.84, respectively). Similar findings were observed with mental
work ability as outcome. Using number of safety climate problems as a continuous variable, a dose-
response association existed both for physical and mental work ability (trend-test P<0.0001).

Conclusion

A dose-response association between the number of safety climate problems at baseline and lower
physical and mental work ability was detected after two years. Safety climate problems should be highly
prioritized in blue-collar companies.

Key terms: Occupational health and safety; occupational injury; safety culture; accident; mental health;

physical health; mental work ability; physical work ability

Strengths and limitations of this study

- The prospective design that enables implications of the relationship between reported safety

climate problems in 2012 and physical and mental work ability in 2014.
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- The study is based on self-reported questionnaire data rather than measurements that are more
objective.

- The present study was a questionnaire survey with volunteer participation, therefore there might
have been selection bias.

- Theresponse rate since 3822 of the 6249 participants that were invited to fill in the questionnaire
in both 2012 and 2014 replied, and it is possible that some of the workers did not reply due to long
term sickness absence which could be related to physical and mental work ability, which might
have resulted in more conservative estimates.

- We did not take job changes from 2012 to 2014 into account, therefore some of the blue-collar

workers could have changed jobs during the period.

Funding

This research received no specific grant from any funding agency in the public, commercial or not-for-profit

sectors

Introduction

Blue-collar workers as a group are exposed to manual physical work and experience problems related to
increased risk of accidents, poor work ability and poor safety climate [1].

Safety climate measurements have in recent years developed into a widely recognized predictor for
accidents both at local organizational level [2,3] and in the general working population [4,5]. Originally
developed by Israeli social scientist Dov Zohar [6] safety climate as a concept now has almost 40 years of
tenure to its name. Whereas the focus for safety climate investigations has been on evaluating the
construct’s capability to foresee the risk for accidents in work, the construct addresses a number of
organizational issues, which may, in fact, have a wider impact on health and safety outcomes, which in turn
are important for how the workers are able to perform their job.

For instance, a number of questions related to manager’s and worker’s orientations and practices regarding

safety may in fact also be indicators of their orientations and practices concerning other aspects of health
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and safety, such as physically exerting work and low job control which over the long term can lead to loss of

mental and physical work ability [7].

Work ability is a measure of the workers capacity in relation to the physical and mental work demands
[8,9]. Poor work ability has been associated with long term sickness absence, chronic disease, loss of
productivity, all-cause mortality and early retirement [10—-14]. Whereas good work ability has been shown

to bolster against the negative effects of chronic diseases on long term sickness absence [15].

That the safety climate concept may be important for maintaining a good physical and mental work ability
seems even further reasonable as earlier qualitative research has indicated that a number of cultural
characteristics tied to safety culture within work [16] are much the same as those tied to physical risk factor
prevention [17]. For example, managerial attention to as well as priority and support of preventive
activities and practices are highly important in all areas of occupational health and safety [18,19]. Thus, a
good safety climate may be an important part of primary prevention to maintain a good work ability. If it is,
in fact, the case, that safety climate questionnaire items are capable of predicting work ability outcomes of
physical and mental character, this may provide an easily accessible indication of the potential benefits to
work ability from improving the safety climate. This may be highly beneficial to both researchers,
occupational health and safety professionals, organizations, and society.

Hence, in this study, we evaluate whether safety climate problems would be predictive of future physical

and mental work ability among blue-collar workers.
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Methods

Study design

This prospective cohort study uses questionnaire data on single item safety climate and physical and
mental work ability from the Danish Work Environment and Health study [20,21]. The present analyses is
part of a larger project, the Danish Work Environment & Health study, of which some articles have already
been published, e.g. [5,15]To secure consistency and transparency the reporting of this study follows the
"Strengthening the Reporting of Observational Studies in Epidemiology" (STROBE guideline) [22] and

follows the STROBE Statement checklist for Cohort studies [23]

Ethics

The study was notified to and registered by the Danish Data Protection Agency (Datatilsynet; journal
number 2015-57-0074). According to Danish law, questionnaire and register-based studies need neither
approval by ethical and scientific committee nor informed consent. All data were processed and analysed
anonymously.

Patient and Public Involvement
No patient involved

Participants

Baseline characteristics are shown in table 1. The population for the study consisted of blue-collar workers
who participated in both the 2012 and the 2014 wave of the DWECS [20,21], which served as baseline and
follow up, respectively. A random sample of 6249 blue-collar workers aged 18-64 years was invited to
participate in the DWECS in both 2012 and 2014 i.e. the same participants were followed our time. In total

3822 blue-collar workers participated in both 2012 and 2014 and serves as the study sample. A
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datamanager of the research institute performed the data management and cleaning of data according to

basic and standardized procedures.

Questionnaire variables

Safety climate

Five single items were selected from the Nordic Occupational Safety Climate Questionnaire (NOSACQ-50)
and provided a short version of vital aspects of the safety climate concept [6,24-27]. NOSACQ-50 is a
reliable tool for measuring safety climate and valid for predicting safety motivation, perceived safety level,
and self-related safety behaviour [24]. In this study five items were selected to be particularly indicative of
the safety climate, as they address the main themes concerned in the literature: managerial (question 1-3)
and employee commitment, participation and engagement (question 4-5) [6,24,27]. The original NOSAQ-50
survey contains 50 items, but, only five items were included in the DWECS survey: 1) “Management ensures
that everyone receives the necessary information on safety”, 2) “Management encourages employees here
to work in accordance with safety rules — even when the work schedule is tight”, 3) “Management involves
employees in decisions regarding safety”, 4) “We who work here help each other to work safely” and 5) “We
who work here consider minor accidents as a normal part of our daily work” (negated or reversed item)..
Each question was asked with four options on a 4-point scale of "strongly agree", "agree", "disagree", or
"strongly disagree". Safety climate problems are defined as a negative answer on the questions i.e. all
responses of “disagree” or “strongly disagree” were interpreted as a safety climate problem, except for
guestion 5 (negated wording), where “agree” or “strongly agree” were interpreted as a safety climate

problem. For further analyses, a variable containing information on the number of safety climate problems

was generated ranging from 0 to 23 problems.

Work ability
Two single-item questions from the Work Ability Index questionnaire [28] were used to evaluate work

ability in regard to the physical and mental demands of the job: (i) “How do you rate your current work
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ability with respect to the physical demands of your work?” (ii) “How do you rate your current work ability
with respect to the mental demands of your work?” [15,29]. For each question, respondents replied on a 5-
point Likert scale: "excellent", "very good", "good", "fair" or "poor". Sub-sequently, these responses were

dichotomized into good (excellent, very good and good) and poor (fair and poor) work ability to obtain

more statistical power [15].

Control variables

In the analyses we adjusted for; age (continuous), gender (male, female), socioeconomic class, occupational
group, lifestyle and previous accidents in 2012. Furthermore, mental and physical work ability also served
as a control variable Based on registers from Statistics Denmark, the respondents were classified into two
socioeconomic groups according to employment grade, job title, and education [30] (Borg V, Kristensen TS,
Burr H. Work environment and changes in self-rated health: A five year follow-up study. Stress Medicine
2000; 16(1):37-47.). White collar workers included managers, academics, people with 3—4 years of
vocational education and other salaried workers. Blue collar workers comprised skilled, semiskilled or
unskilled workers. In the present study, we included only blue-collar workers. Occupational group was
coded and categorized (1-9) according to the 1988 revision of the Danish version of the International
Standard Classification of Occupations register (D-ISCO 08): 1) management work, 2) work requiring
knowledge at the highest level within the area concerned, 3) work that requires medium level knowledge,
4) regular office and customer service, 5) service and sales work, 6) work in agriculture, forestry and fishing
(excluding assisting), 7) craftsmanship, 8) operator and assembly work as well as transport work, and 9)
other manual work.

Lifestyle factors i.e. smoking (never, ex-smoker, yes) and body mass index (BMI (kg/m2)), which was

determined from respondents' self-reported height and weight
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Statistical analysis

Using general models (Proc Genmod) of SAS version 9.4., multivariate logistic regression was used to model
the association between number of safety climate problems in 2012 and work ability in 2014. Work ability
was the dependent variable and number of safety climate problems the independent variable. The first
model was controlled for age and sex, and the second model was controlled for all the previously
mentioned confounders. Estimates are reported as odds ratios (OR) and 95% confidence intervals (95% Cl).
Furthermore, to test the dose-response association, the number of safety climate problems was introduced
as a continuous variable in a separate trend test. Finally, we tested the association between each of the five

single item question about safety climate and work ability using the same models as above.

Results

Table 1 shows the demographics, lifestyle, socio-economical class, D-ISCO-categories as well as baseline
safety climate, mental and physical work ability. In both 2012 and 2014 6249, participants were invited to
participate in the DWECS. Of these participants, 3822 answered the questions regarding physical work

ability in both 2012 and 2014, therefore the response rate was 3822/6249*100 = 61.2%.

Table 2 shows the number of safety climate problems related to physical and mental work ability.
Compared to participants with no safety climate problems in 2012, participants reporting two safety
problems in 2012 had a higher risk for reporting reduced physical work ability in 2014 (OR 1.29, Cl 95%
1.03-1.61) and the risk was even higher for participants reporting three or more safety problems in 2012
(OR 1.52, CI 95% 1.27-1.84). The same picture was observed in the analyses with mental work ability as
outcome measure. Using number of safety climate problems as a continuous variable, a dose-response

association existed both for physical and mental work ability (trend-test P<0.0001).
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Of the five single safety climate questions all were significant increased odds ratio for reduced mental work
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ability and all, except one; We who work here consider minor accidents as a normal part of our daily work

(negated or reversed item) with an odds ratio of 1.05 (Cl 0.90-1.22) (table 3).

Mean SD %
Gender 3822
Men 1917 50.16
Women 1905 49.84
Age 3822 46.45 10.31
Body mass index (kg/m?) 3777 26.17 4.42
Smoking habits 3800
Smoker 928 24.42
Ex-smoker 1122 29.53
Non-smoker 1750 46.05
Socioeconomic class 3822
Work that requires basic skills 3215 82.12
Other employees 607 15.88
Occupational group 3822
Without category 41 1.07
Management work 12 0.31
Work requiring knowledge at the highest level within the area concerned 17 0.44
Work that requires medium level knowledge 42 1.1
Regular office and customer service 761 19.91
Service and sales work 1257 32.89
Work in agriculture, forestry and fishing (excluding assisting) 29 0.76
Craftsmanship 621 16.25
Operator and assembly work as well as transport work 433 11.33
Other manual work 609 15.93
21 accident leading to 21 day of sickness absence in the 12 months prior 3808
to completing the survey in 2012
No 3511 92.2
Yes 297 7.8
Safety climate problems (% disagreeing) 3557
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Management ensures that everyone receives the necessary information
on safety

Management encourages employees here to work in accordance with
safety rules — even when the work schedule is tight

Management involves employees in decisions regarding safety

We who work here help each other to work safely

We who work here consider minor accidents as a normal part of our daily
work (negated or reversed item)

Accumulated safety climate problems
0

1

2

>3

Physical work ability
Poor

Fair

Good

Very good

Excellent

Mental work ability
Poor

Fair

Good

Very good

Excellent

584

814
993
534

1016

3575
1585
1019
355
616

3822
36
327
1178
1470
811

3818
58
295
1109
1600
756

17.19

23.83
28.98
15.7

31.73

44.34
28.5
9.93

17.23

0.94
8.56
30.82
38.46
21.22

1.52
7.73
29.05
41.91
19.8

Table 1. Demographics, lifestyle, socio-economical class, D-ISCO-categories as well as baseline safety

climate, mental and physical work ability. SD=Standard Deviation, D-ISCO=Danish version of International

Standard Classification of Occupations

Physical work ability

Mental work ability

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Number ot
safety
climate Oddsratic 95% CI  Oddsratic 95% Cl  Odds ratic 95% CI Odds ratic 95% CI  Oddsratic 95% CI  Odds ratic 95% ClI
1vsO 1.22 1.05-1.41 1.19 1.02-1.39 1.23  0.96-1.32 1.21 1.04-1.40 1.18 1.01-1.37 1.16 0.99-1.36
2vs0 132 1.06-1.64 1.29 1.03-1.61 131 1.04-1.66 132 1.06-1.64 1.29 1.03-1.61 1.29 1.03-1.63
>3vs0 1.55 1.29-1.87 1.52 1.27-1.84 1.53 1.25-1.86 1.50 1.25-1.80 1.43 1.19-1.72 1.51 1.241.83
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Table 2. Number of safety climate problems related to physical and mental work ability. CI=Confidence

Interval. Adjustments: Model 1. Gender and age. Model 2. Gender, age, socioeconomic class, occupational

group, lifestyle (smoking habits and body mass index), mental and physical work ability in 2012 and

previous accident in 2012. Model 3: Sensitivity analysis of model 2, excluding those with previous accidents

at baseline.
Physical Mental work
work ability ability
Odds Odds
Question ratio Cl ratio Cl
1. Management ensures that everyone receives the necessary
information on safety. 1.27- 1.09-
153 1.85 1.32  1.59
2. Management encourages employees here to work in accordance with 1.18- 1.09-
safety rules — even when the work schedule is tight. 139 1.63 1.28 1.51
1.08- 1.08-
3. Management involves employees in decisions regarding safety 1.26 1.47 1.26 1.47
1.14- 1.09-
4. We who work here help each other to work safely 1.38 1.68 1.32 1.60
5. We who work here consider minor accidents as a normal part of our 0.90- 1.02-
daily work (negated or reversed item) 1.05 1.22 1.19 1.38

Table 3. Physical and mental work ability related to each single safety climate problem in 2012.

Adjustments: Gender, age, socioeconomic class, D-ISCO-group (Danish version of international standard

classification of occupations), lifestyle (smoking habits and body mass index).

Discussion

The results of the present study shows a prospectively dose response association between the number of

safety climate problems and decreased physical and mental work ability after two years (from 2012 to

2014). Furthermore, the results suggest that safety climate problems are generally important, since all

guestions in the safety climate questionnaire; 1) “Management ensures that everyone receives the

necessary information on safety”, 2) “Management encourages employees here to work in accordance with
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safety rules — even when the work schedule is tight”, 3) “Management involves employees in decisions
regarding safety”, 4) “We who work here help each other to work safely” and 5) “We who work here
consider minor accidents as a normal part of our daily work” (negated or reversed item) were related to a
decrease mental work ability after two years. For physical work ability all questions except 5) “We who
work here consider minor accidents as a normal part of our daily work” (negated or reversed item) were

related to a decrease after two years.

The data in the present study are analysed using three models. Model 1 is adjusted to age and gender,
while model 2 further is adjusted to socioeconomic class, D-ISCO-group (Danish version of international
standard classification of occupations), lifestyle (smoking habits and body mass index), and previous
accident in 2012 (Table 2). This step-wise adjustment for potential confounders did not change the odds-
estimates to any significant extent. It can be argued that those with previous accidents at baseline may be
more prone to lose further work ability with time. Thus, adjusting for previous accidents may not be
sufficient (Model 2 of Table 2). Consequently, we also performed a sensitivity analyses where we excluded
those with previous accidents at baseline (Model 3 of Table 2). These results were largely similar, although
the lowest category became non-significant. Thus, the results presented seem quite robust. Thus, it
appears, that job group, lifestyle and socioeconomic class does not have a large impact on the relationship
between safety climate problems and future work ability. The consequence of safety climate problems on
work ability, therefore, seem to be present across occupation and health behaviour (i.e. lifestyle). Primary
and secondary prevention of safety climate problems at the workplace should be highly prioritised among

all blue collar workers.

The present study shows a clear dose-response association between the number of safety climate

problems and reduced physical and mental work ability. Work ability is typically assessed by self-report.

Self-assessed work ability is a strong predictor of future disability pension [31]. Even experiencing one
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safety climate problem increases this risk significantly (table 2). In other words, the more safety climate
problems experienced, the higher the risk of reporting reduced physical and mental work ability after two
years. The data for the five single safety climate questions (table 3), shows an increased risk of experiencing
a reduced work ability from all questions, and all except question 5 for mental and physical work ability,
respectively. Together the data from the present study suggests that it is not enough to bring focus to one
safety climate problem if the companies should have success in reducing the risk of affecting the physical
and mental work ability of the workers. Rather, it is important to address each of the safety climate-related
issues.

Measurements of safety climate instead of injury claims distinguish by the ability to predict the risks of
injury and react before they actually occur, and thereby help workplaces with safety climate problems to
target their initiatives before they lead to injury [32]. Safety climate problems have previously been
associated with increased risk of accidents among blue-collar workers [5] and in the general working
population [33]. Therefore, it is important for companies to prioritise safety climate, since it is associated

with not only an increased risk of accidents but also lower physical and mental work ability.

Safety climate problems have previously been associated with occupational accidents [5]. The present
study elaborates on this finding by showing that safety climate problems predict risk of decreased work
ability. Thus, it could be speculated that our measure of safety climate is a proxy measure for perceived
overall working environment among blue-collar workers. Furthermore, measuring safety climate instead of
actual accidents provides the advantage for the companies to focus on preventive measures by improving
different aspects of the safety climate before an accident occurs [32] and thereby further impacting work
ability. This suggests that companies should bring safety climate into focus and implement initiatives that

reduce the safety climate problems.
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Strengths and limitations

The present study has both strengths and limitations. A strength is the prospective design that enables
implications of the relationship between reported safety climate problems in 2012 and physical and mental
work ability in 2014. Nevertheless, a limitation of the present study is that it is based on self-reported
guestionnaire data rather than measurements that are more objective. The results could, therefore, have
been affected by recall bias. The present study was a questionnaire survey with volunteer participation,
therefore there might have been selection bias. Another limitation is the response rate since 3822 of the
6249 participants that were invited to fill in the questionnaire in both 2012 and 2014 replied. Therefore, it
is possible that some of the workers did not reply due to long term sickness absence which could be related
to physical and mental work ability, which might have resulted in more conservative estimates.
Furthermore, a limitation is that we did not take information regarding changes from 2012 to 2014 into
account in e.g. job changes, changes in job position or company, safety training received, changes in the
management personnel, or witnessing work-related injuries, therefore, these variables could have
influenced perceptions of safety climate. This present study is based on the five safety climate questions
included in the DWECS. The DWECS is a survey with the purpose of continuously obtain knowledge about
the physical and mental work environment of employees in Denmark and follow the development in their
health over time. Since the DWECS is a large questionnaire survey which covers many factors within the
working environment, it was - due to practical reasons - not possible to include all safety acclimate scales
from the NOSAQ-50. This is a clear limitation since the NOSAQ-50 survey contains 50 items about safety
climate. Future studies should evaluate if the safety climate can be evaluated by using the five single items
used in the present study. However, as the present study evaluate whether safety climate problems can be
predictive of future physical and mental work ability among blue-collar workers, we believe that these five
single questions provide knowledge about the safety climate and contributes good knowledge to
practitioners on the workplaces. Importantly, the 5 single item questionnaires has previously been used as

a proxy for safety climate [5]. Another limitation is that the five safety climate items in the present study
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combine organizational-level and group-level safety climate problems without differentiating between
these two levels. However, the five single item has been used in previous studies to show the association
between safety climate and future accidents [5] and the two single items from the work ability has been
used to d evaluate the dose-response association between leisure time physical activity and work ability
[29] and association of multimorbidity and work ability with risk of long-term sickness absence [15]. In the
present study we used a 4-point agree/disagree scale, as we were interested in knowing whether the
participants agreed or disagreed this scale was dichotomized to “agree” and “disagree”. Other potential
scales could have been used, but we doubt that this would have changed the results as a 5-point likert scale
correlates strongly with a 4-point agree/disagree scale. Furthermore, we have previously validated

(predictive validity) this scale [5].

Conclusion

This study shows a prospectively dose response association between the number of safety climate
problems and future decrease in physical and mental work ability. Furthermore, the study shows that all
safety climate problems are important, since all questions in the safety climate questionnaire 1)
“Management ensures that everyone receives the necessary information on safety”, 2) “Management
encourages employees here to work in accordance with safety rules —even when the work schedule is
tight”, 3) “Management involves employees in decisions regarding safety”, 4) “We who work here help each
other to work safely” and 5) “We who work here consider minor accidents as a normal part of our daily
work” (negated or reversed item) were related to a decrease mental work ability after two years. For
physical work ability all questions except 5) “We who work here consider minor accidents as a normal part
of our daily work” (negated or reversed item) were related to a decrease after two years. Therefore, safety
climate problems should be highly prioritized in blue-collar companies, since safety climate can predict

physical and mental work ability.
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Abstract
Objectives

To evaluate whether safety climate items would be predictive of future physical and mental work ability
among blue-collar workers.Methods

Blue-collar workers (n=3822) from the Danish Work Environment and Health study replied to questions on
safety climate, physical and mental work ability, and health in 2012 and 2014. Using multivariate logistic
regression, we estimated the association of number of safety climate items (0-5) in 2012 with physical and
mental work ability in 2014. Potential confounders included sex, age, socioeconomic class, occupational
group, lifestyle (smoking habits and body mass index), and previous accidents.

Results

Compared to workers free from safety climate items , workers reporting two and three or more safety
climate items, respectively, had higher risk for reporting reduced physical work ability in 2014 (OR 1.29, Cl
95% 1.03-1.61 and 1.52, CI 95% 1.27-1.84, respectively). Similar findings were observed with mental work
ability as outcome. Using number of safety climate items as a continuous variable, a dose-response
association existed both for physical and mental work ability (trend-test P<0.0001).

Conclusion

A dose-response association between the number of safety climate items at baseline and lower physical
and mental work ability was detected after two years. Safety climate items should be highly prioritized in
blue-collar companies.

Key terms: Occupational health and safety; occupational injury; safety culture; accident; mental health;

physical health; mental work ability; physical work ability

Strengths and limitations of this study

- The prospective design that enables implications of the relationship between reported safety

climate items in 2012 and physical and mental work ability in 2014.
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- The study is based on self-reported questionnaire data rather than measurements that are more
objective.

- The present study was a questionnaire survey with volunteer participation, therefore there might
have been selection bias.

- Theresponse rate since 3822 of the 6249 participants that were invited to fill in the questionnaire
in both 2012 and 2014 replied, and it is possible that some of the workers did not reply due to long
term sickness absence which could be related to physical and mental work ability, which might
have resulted in more conservative estimates.

- We did not take job changes from 2012 to 2014 into account, therefore some of the blue-collar

workers could have changed jobs during the period.

Funding

This research received no specific grant from any funding agency in the public, commercial or not-for-profit

sectors

Introduction

Blue-collar workers as a group are exposed to manual physical work and experience problems related to
increased risk of accidents, poor work ability and poor safety climate [1].

Safety climate measurements have in recent years developed into a widely recognized predictor for
accidents both at local organizational level [2,3] and in the general working population [4,5]. Originally
developed by Israeli social scientist Dov Zohar [6] safety climate as a concept now has almost 40 years of
tenure to its name. Whereas the focus for safety climate investigations has been on evaluating the
construct’s capability to foresee the risk for accidents in work, the construct addresses a number of
organizational issues, which may, in fact, have a wider impact on health and safety outcomes, which in turn
are important for how the workers are able to perform their job.

For instance, a number of questions related to manager’s and worker’s orientations and practices regarding

safety may in fact also be indicators of their orientations and practices concerning other aspects of health
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and safety, such as physically exerting work and low job control which over the long term can lead to loss of

mental and physical work ability [7].

Work ability is a measure of the workers capacity in relation to the physical and mental work demands
[8,9]. Poor work ability has been associated with long term sickness absence, chronic disease, loss of
productivity, all-cause mortality and early retirement [10—-14]. Whereas good work ability has been shown

to bolster against the negative effects of chronic diseases on long term sickness absence [15].

That the safety climate concept may be important for maintaining a good physical and mental work ability
seems even further reasonable as earlier qualitative research has indicated that a number of cultural
characteristics tied to safety culture within work [16] are much the same as those tied to physical risk factor
prevention [17]. For example, managerial attention to as well as priority and support of preventive
activities and practices are highly important in all areas of occupational health and safety [18,19]. Thus, a
good safety climate may be an important part of primary prevention to maintain a good work ability. If it is,
in fact, the case, that safety climate questionnaire items are capable of predicting work ability outcomes of
physical and mental character, this may provide an easily accessible indication of the potential benefits to
work ability from improving the safety climate. This may be highly beneficial to both researchers,
occupational health and safety professionals, organizations, and society.

Hence, in this study, we evaluate whether safety climate items would be predictive of future physical and

mental work ability among blue-collar workers.
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Methods

Study design

This prospective cohort study uses questionnaire data on single item safety climate and physical and
mental work ability from the Danish Work Environment and Health study [20,21]. The present analyses is
part of a larger project, the Danish Work Environment & Health study, of which some articles have already
been published, e.g. [5,15]. To secure consistency and transparency the reporting of this study follows the
"Strengthening the Reporting of Observational Studies in Epidemiology" (STROBE guideline) [22] and

follows the STROBE Statement checklist for Cohort studies [23]

Ethics

The study was notified to and registered by the Danish Data Protection Agency (Datatilsynet; journal
number 2015-57-0074). According to Danish law, questionnaire and register-based studies need neither
approval by ethical and scientific committee nor informed consent. All data were processed and analysed
anonymously.

Patient and Public Involvement
No patients involved

Participants

Baseline characteristics are shown in table 1. The population for the study consisted of blue-collar workers
who participated in both the 2012 and the 2014 wave of the DWECS [20,21], which served as baseline and
follow up, respectively. A random sample of 6249 blue-collar workers aged 18-64 years was invited to
participate in the DWECS in both 2012 and 2014 i.e. the same participants were followed our time. In total

3822 blue-collar workers participated in both 2012 and 2014 and serves as the study sample. A data
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manager of the research institute performed the data management and cleaning of data according to basic

and standardized procedures.

Questionnaire variables

Safety climate

Five single items were selected from the Nordic Occupational Safety Climate Questionnaire (NOSACQ-50)
and provided a short version of vital aspects of the safety climate concept [6,24-27]. NOSACQ-50 is a
reliable tool for measuring safety climate and valid for predicting safety motivation, perceived safety level,
and self-related safety behaviour [24]. In this study five items were selected to be particularly indicative of
the safety climate, as they address the main themes concerned in the literature: managerial (question 1-3)
and employee commitment, participation and engagement (question 4-5) [6,24,27]. The original NOSAQ-50
survey contains 50 items, but, only five items were included in the DWECS survey: 1) “Management ensures
that everyone receives the necessary information on safety”, 2) “Management encourages employees here
to work in accordance with safety rules — even when the work schedule is tight”, 3) “Management involves
employees in decisions regarding safety”, 4) “We who work here help each other to work safely” and 5) “We
who work here consider minor accidents as a normal part of our daily work” (negated or reversed item)..
Each question was asked with four options on a 4-point scale of "strongly agree", "agree", "disagree", or
"strongly disagree". Safety climate items are defined as a negative answer on the questions i.e. all
responses of “disagree” or “strongly disagree” were interpreted as a safety climate item, except for
guestion 5 (negated wording), where “agree” or “strongly agree” were interpreted as a safety climate item.

For further analyses, a variable containing information on the number of safety climate items was

generated ranging from 0 to 23 problems.

Work ability
Two single-item questions from the Work Ability Index questionnaire [28] were used to evaluate work

ability in regard to the physical and mental demands of the job: (i) “How do you rate your current work
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ability with respect to the physical demands of your work?” (ii) “How do you rate your current work ability
with respect to the mental demands of your work?” [15,29]. For each question, respondents replied on a 5-
point Likert scale: "excellent", "very good", "good", "fair" or "poor". Sub-sequently, these responses were

dichotomized into good (excellent, very good and good) and poor (fair and poor) work ability to obtain

more statistical power [15].

Control variables

In the analyses we adjusted for; age (continuous), gender (male, female), socioeconomic class, occupational
group, lifestyle and previous accidents in 2012. Furthermore, mental and physical work ability also served
as a control variable Based on registers from Statistics Denmark, the respondents were classified into two
socioeconomic groups according to employment grade, job title, and education [30] (Borg V, Kristensen TS,
Burr H. Work environment and changes in self-rated health: A five year follow-up study. Stress Medicine
2000; 16(1):37-47.). White collar workers included managers, academics, people with 3—4 years of
vocational education and other salaried workers. Blue collar workers comprised skilled, semiskilled or
unskilled workers. In the present study, we included only blue-collar workers. Occupational group was
coded and categorized (1-9) according to the 1988 revision of the Danish version of the International
Standard Classification of Occupations register (D-ISCO 08): 1) management work, 2) work requiring
knowledge at the highest level within the area concerned, 3) work that requires medium level knowledge,
4) regular office and customer service, 5) service and sales work, 6) work in agriculture, forestry and fishing
(excluding assisting), 7) craftsmanship, 8) operator and assembly work as well as transport work, and 9)
other manual work.

Lifestyle factors i.e. smoking (never, ex-smoker, yes) and body mass index (BMI (kg/m2)), which was

determined from respondents' self-reported height and weight
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Statistical analysis

Using general models (Proc Genmod) of SAS version 9.4., multivariate logistic regression was used to model
the association between number of safety climate items in 2012 and work ability in 2014. Work ability was
the dependent variable and number of safety climate items the independent variable. The first model was
controlled for age and sex, and the second model was controlled for all the previously mentioned
confounders. Estimates are reported as odds ratios (OR) and 95% confidence intervals (95% Cl).
Furthermore, to test the dose-response association, the number of safety climate items was introduced as
a continuous variable in a separate trend test. Finally, we tested the association between each of the five

single item question about safety climate and work ability using the same models as above.

Results

Table 1 shows the demographics, lifestyle, socio-economical class, D-ISCO-categories as well as baseline
safety climate, mental and physical work ability. In both 2012 and 2014 6249, participants were invited to
participate in the DWECS. Of these participants, 3822 answered the questions regarding physical work

ability in both 2012 and 2014, therefore the response rate was 3822/6249*100 = 61.2%.

Table 2 shows the number of safety climate items related to physical and mental work ability. Compared to
participants with no safety climate items in 2012, participants reporting two safety problems in 2012 had a
higher risk for reporting reduced physical work ability in 2014 (OR 1.29, Cl 95% 1.03-1.61) and the risk was
even higher for participants reporting three or more safety problems in 2012 (OR 1.52, Cl 95% 1.27-1.84).
The same picture was observed in the analyses with mental work ability as outcome measure. Using
number of safety climate items as a continuous variable, a dose-response association existed both for

physical and mental work ability (trend-test P<0.0001).
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Of the five single safety climate questions all were significant increased odds ratio for reduced mental work
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ability and all, except one; We who work here consider minor accidents as a normal part of our daily work

(negated or reversed item) with an odds ratio of 1.05 (Cl 0.90-1.22) (table 3).

Mean SD %
Gender 3822
Men 1917 50.16
Women 1905 49.84
Age 3822 46.45 10.31
Body mass index (kg/m?) 3777 26.17 4.42
Smoking habits 3800
Smoker 928 24.42
Ex-smoker 1122 29.53
Non-smoker 1750 46.05
Socioeconomic class 3822
Work that requires basic skills 3215 82.12
Other employees 607 15.88
Occupational group 3822
Without category 41 1.07
Management work 12 0.31
Work requiring knowledge at the highest level within the area concerned 17 0.44
Work that requires medium level knowledge 42 1.1
Regular office and customer service 761 19.91
Service and sales work 1257 32.89
Work in agriculture, forestry and fishing (excluding assisting) 29 0.76
Craftsmanship 621 16.25
Operator and assembly work as well as transport work 433 11.33
Other manual work 609 15.93
21 accident leading to 21 day of sickness absence in the 12 months prior 3808
to completing the survey in 2012
No 3511 92.2
Yes 297 7.8
Safety climate items (% disagreeing) 3557
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Management ensures that everyone receives the necessary information

on safety 584 17.19
Management encourages employees here to work in accordance with
safety rules — even when the work schedule is tight 814 23.83
Management involves employees in decisions regarding safety 993 28.98
We who work here help each other to work safely 534 15.7
We who work here consider minor accidents as a normal part of our daily
work (negated or reversed item) 1016 31.73
Accumulated safety climate items 3575
0 1585 44.34
1 1019 28.5
2 355 9.93
>3 616 17.23
Physical work ability 3822
Poor 36 0.94
Fair 327 8.56
Good 1178 30.82
Very good 1470 38.46
Excellent 811 21.22
Mental work ability 3818
Poor 58 1.52
Fair 295 7.73
Good 1109 29.05
Very good 1600 41.91
Excellent 756 19.8
Table 1. Demographics, lifestyle, socio-economical class, D-ISCO-categories as well as baseline safety
climate, mental and physical work ability. SD=Standard Deviation, D-ISCO=Danish version of International
Standard Classification of Occupations
Physical work ability Mental work ability
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Number
of
safety
climate Odds Odds Odds Odds Odds Odds
items ratio 95% ClI ratio 95% Cl ratio 95% ClI ratio 95% ClI ratio 95% Cl ratio 95% Cl
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1.05-
lvsO 1.22 1.41
1.06-
2vs0 1.32 1.64
1.29-
23vs0 1.55 1.87

Table 2. Number of safety climate items related to physical and mental work ability. Cl=Confidence Interval.
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Adjustments: Model 1. Gender and age. Model 2. Gender, age, socioeconomic class, occupational group,

lifestyle (smoking habits and body mass index), mental and physical work ability in 2012 and previous
accident in 2012. Model 3: Sensitivity analysis of model 2, excluding those with previous accidents at

baseline.
Physical Mental work
work ability ability
Odds Odds
Question ratio Cl ratio Cl
1. Management ensures that everyone receives the necessary
information on safety. 1.27- 1.09-
1.53 1.85 1.32 1.59
2. Management encourages employees here to work in accordance with 1.18- 1.09-
safety rules — even when the work schedule is tight. 139 1.63 1.28 1.51
1.08- 1.08-
3. Management involves employees in decisions regarding safety 126 1.47 126 1.47
1.14- 1.09-
4. We who work here help each other to work safely 138 1.68 132 1.60
5. We who work here consider minor accidents as a normal part of our 0.90- 1.02-
daily work (negated or reversed item) 1.05 1.22 1.19 1.38

Table 3. Physical and mental work ability related to each single safety climate item in 2012.

Adjustments: Gender, age, socioeconomic class, D-ISCO-group (Danish version of international standard

classification of occupations), lifestyle (smoking habits and body mass index).
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Discussion

The results of the present study shows a prospectively dose response association between the number of
safety climate items and decreased physical and mental work ability after two years (from 2012 to 2014).
Furthermore, the results suggest that safety climate items are generally important, since all questions in
the safety climate questionnaire; 1) “Management ensures that everyone receives the necessary
information on safety”, 2) “Management encourages employees here to work in accordance with safety
rules — even when the work schedule is tight”, 3) “Management involves employees in decisions regarding
safety”, 4) “We who work here help each other to work safely” and 5) “We who work here consider minor
accidents as a normal part of our daily work” (negated or reversed item) were related to a decrease mental
work ability after two years. For physical work ability all questions except 5) “We who work here consider
minor accidents as a normal part of our daily work” (negated or reversed item) were related to a decrease

after two years.

The data in the present study are analysed using three models. Model 1 is adjusted to age and gender,
while model 2 further is adjusted to socioeconomic class, D-ISCO-group (Danish version of international
standard classification of occupations), lifestyle (smoking habits and body mass index), and previous
accident in 2012 (Table 2). This step-wise adjustment for potential confounders did not change the odds-
estimates to any significant extent. It can be argued that those with previous accidents at baseline may be
more prone to lose further work ability with time. Thus, adjusting for previous accidents may not be
sufficient (Model 2 of Table 2). Consequently, we also performed a sensitivity analyses where we excluded
those with previous accidents at baseline (Model 3 of Table 2). These results were largely similar, although
the lowest category became non-significant. Thus, the results presented seem quite robust. Thus, it
appears, that job group, lifestyle and socioeconomic class does not have a large impact on the relationship
between safety climate items and future work ability. The consequence of safety climate items on work

ability, therefore, seem to be present across occupation and health behaviour (i.e. lifestyle). Primary and
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secondary prevention of safety climate items at the workplace should be highly prioritised among all blue

collar workers.

The present study shows a clear dose-response association between the number of safety climate items
and reduced physical and mental work ability. Work ability is typically assessed by self-report. Self-assessed
work ability is a strong predictor of future disability pension [31]. Even experiencing one safety climate
item increases this risk significantly (table 2). In other words, the more safety climate items experienced,
the higher the risk of reporting reduced physical and mental work ability after two years. The data for the
five single safety climate questions (table 3), shows an increased risk of experiencing a reduced work ability
from all questions, and all except question 5 for mental and physical work ability, respectively. Together the
data from the present study suggests that it is not enough to bring focus to one safety climate item if the
companies should have success in reducing the risk of affecting the physical and mental work ability of the
workers. Rather, it is important to address each of the safety climate-related issues.

Measurements of safety climate instead of injury claims distinguish by the ability to predict the risks of
injury and react before they actually occur, and thereby help workplaces with safety climate items to target
their initiatives before they lead to injury [32]. Safety climate items have previously been associated with
increased risk of accidents among blue-collar workers [5] and in the general working population [33].
Therefore, it is important for companies to prioritise safety climate, since it is associated with not only an

increased risk of accidents but also lower physical and mental work ability.

Safety climate items have previously been associated with occupational accidents [5]. The present study
elaborates on this finding by showing that safety climate items predict risk of decreased work ability. Thus,
it could be speculated that our measure of safety climate is a proxy measure for perceived overall working
environment among blue-collar workers. Furthermore, measuring safety climate instead of actual accidents

provides the advantage for the companies to focus on preventive measures by improving different aspects
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of the safety climate before an accident occurs [32] and thereby further impacting work ability. This
suggests that companies should bring safety climate into focus and implement initiatives that reduce the

safety climate items.

Strengths and limitations

The present study has both strengths and limitations. A strength is the prospective design that enables
implications of the relationship between reported safety climate items in 2012 and physical and mental
work ability in 2014. Nevertheless, a limitation of the present study is that it is based on self-reported
guestionnaire data rather than measurements that are more objective. The results could, therefore, have
been affected by recall bias. The present study was a questionnaire survey with volunteer participation,
therefore there might have been selection bias. Another limitation is the response rate since 3822 of the
6249 participants that were invited to fill in the questionnaire in both 2012 and 2014 replied. Therefore, it
is possible that some of the workers did not reply due to long term sickness absence which could be related
to physical and mental work ability, which might have resulted in more conservative estimates.
Furthermore, a limitation is that we did not take information regarding changes from 2012 to 2014 into
account in e.g. job changes, changes in job position or company, safety training received, changes in the
management personnel, or witnessing work-related injuries, therefore, these variables could have
influenced perceptions of safety climate. This present study is based on the five safety climate questions
included in the DWECS. The DWECS is a survey with the purpose of continuously obtain knowledge about
the physical and mental work environment of employees in Denmark and follow the development in their
health over time. Since the DWECS is a large questionnaire survey which covers many factors within the
working environment, it was - due to practical reasons - not possible to include all safety acclimate scales
from the NOSAQ-50. This is a clear limitation since the NOSAQ-50 survey contains 50 items about safety
climate. Future studies should evaluate if the safety climate can be evaluated by using the five single items

used in the present study. However, as the present study evaluate whether safety climate items can be
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predictive of future physical and mental work ability among blue-collar workers, we believe that these five
single questions provide knowledge about the safety climate and contributes good knowledge to
practitioners on the workplaces. Importantly, the 5 single item questionnaires has previously been used as
a proxy for safety climate [5]. Another limitation is that the five safety climate items in the present study
combine organizational-level and group-level safety climate items without differentiating between these
two levels. However, the five single item has been used in previous studies to show the association
between safety climate and future accidents [5] and the two single items from the work ability has been
used to d evaluate the dose-response association between leisure time physical activity and work ability
[29] and association of multimorbidity and work ability with risk of long-term sickness absence [15]. In the
present study we used a 4-point agree/disagree scale, as we were interested in knowing whether the
participants agreed or disagreed this scale was dichotomized to “agree” and “disagree”. Other potential
scales could have been used, but we doubt that this would have changed the results as a 5-point likert scale
correlates strongly with a 4-point agree/disagree scale. Furthermore, we have previously validated

(predictive validity) this scale [5].

Conclusion

This study shows a prospectively dose response association between the number of safety climate items
and future decrease in physical and mental work ability. Furthermore, the study shows that all safety
climate items are important, since all questions in the safety climate questionnaire 1) “Management
ensures that everyone receives the necessary information on safety”, 2) “Management encourages
employees here to work in accordance with safety rules — even when the work schedule is tight”, 3)
“Management involves employees in decisions regarding safety”, 4) “We who work here help each other to
work safely” and 5) “We who work here consider minor accidents as a normal part of our daily work”
(negated or reversed item) were related to a decrease mental work ability after two years. For physical
work ability all questions except 5) “We who work here consider minor accidents as a normal part of our

daily work” (negated or reversed item) were related to a decrease after two years. Therefore, safety
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climate items should be highly prioritized in blue-collar companies, since safety climate can predict physical

and mental work ability.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3-4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 5
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 5-7
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 5-7
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 6-7
Study size 10 Explain how the study size was arrived at 5
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 6-7
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 7
confounding
(b) Describe any methods used to examine subgroups and interactions
(c¢) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) Table
and information on exposures and potential confounders 213_ P-
(b) Indicate number of participants with missing data for each variable of
interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15*%  Report numbers of outcome events or summary measures over time 8
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 8 &
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 10
and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 8 &
analyses 10
Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 13
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 11-
multiplicity of analyses, results from similar studies, and other relevant evidence 13
Generalisability 21 Discuss the generalisability (external validity) of the study results i;'
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 3
applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.
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