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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  In the fully adjusted model, workers reporting 
two and three or more safetyclimate problems (reference: 
0) had higher risk for reduced physical workability at 
follow-up (OR 1.29 [95% CI 1.03 to 1.61]and OR 1.52 
[95% CI 1.27 to 1.84], respectively).Similar outcomes 
were observed for mental work ability. Using number 
of safetyclimate items as a continuous variable, a 
doseresponseassociation existed both for physical and 
mental work ability (trend-test <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 
2 years. Safety climate items should be highly prioritised in 
blue-collar companies.

INTRODUCTION
Blue-collar workers as a group are exposed to 
manual physical work and experience prob-
lems 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 recognised 
predictor for accidents both at local organ-
isational level2 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 organisational 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 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 work-
er’s 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

Strengths and limitations of this study

►► The prospective design enables implications of the 
relationship between reported safety climate items 
in 2012 and physical and mental work ability in 
2014.

►► 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.

►► One limitation is the response rate since only 3822 
of the 6249 participants who 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.
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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 work16 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 acces-
sible 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, organisations 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.

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 analysis is part of a larger project, 
the Danish Work Environment & Health study, of which 
some articles have already been published.5 15 To secure 
consistency and transparency, the reporting of this study 
follows the ‘Strengthening the Reporting of Observa-
tional Studies in Epidemiology’ (STROBE) guideline22 
and follows the STROBE Statement checklist for Cohort 
studies23

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 were involved

Participants
Baseline characteristics are shown in table 1. The popu-
lation 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, that is, the same participants 
were followed during our time. In total, 3822 blue-collar 
workers participated in both 2012 and 2014 and serves as 

the study sample. A data manager of the research insti-
tute performed the data management and cleaning of 
data according to basic and standardised procedures.

Questionnaire variables
Safety climate
Five single items were selected from the Nordic Occu-
pational 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 
(questions 1–3) and employee commitment, participa-
tion and engagement (questions 4–5).6 24 27 The original 
NOSACQ-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, that is, all responses of ‘disagree’ 
or ‘strongly disagree’ were interpreted as a safety climate 
item, except for question 5 (negated wording), where 
‘agree’ or ‘strongly agree’ was 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 ≥3 problems.

Work ability
Two single-item questions from the Work Ability Index 
questionnaire28 were used to evaluate work ability in 
regard to the physical and mental demands of the job: 
(1) ‘How do you rate your current work ability with 
respect to the physical demands of your work?’ (2) ‘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’. Subsequently, these 
responses were dichotomised 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 
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Table 1  Demographics, lifestyle, socioeconomic class, D-ISCO categories as well as baseline safety climate, mental and 
physical work ability

N Mean SD %

Gender 3822

 � Men 1917 50.16

 � Women 1905 49.84

Age 3822 46.45 10.31

Body mass index (kg/m2) 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

≥1 accident leading to ≥1 day of sickness absence in the 12 months 
prior to completing the survey in 2012

3808

 � No 3511 92.2

 � Yes 297 7.8

Safety climate items (% disagreeing) 3557

 � 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

Continued

 on M
arch 4, 2021 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-040885 on 2 M

arch 2021. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Brandt M, et al. BMJ Open 2021;11:e040885. doi:10.1136/bmjopen-2020-040885

Open access�

groups according to employment grade, job title and 
education.30 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 categorised (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 knowl-
edge 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 include smoking (never, ex-smoker, 
yes) and body mass index (kg/m2), which was determined 
from respondents’ self-reported height and weight.

Statistical analysis
Using general models (Proc Genmod) of SAS V.9.4, multi-
variate logistic regression was used to model the associa-
tion between number of safety climate items in 2012 and 
work ability in 2014. Work ability was the dependent vari-
able 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 previ-
ously mentioned confounders. Estimates are reported as 
ORs and 95% CIs. Furthermore, to test the dose–response 
association, the number of safety climate items was intro-
duced as a continuous variable in a separate trend test. 
Finally, we tested the association between each of the five 
single-item questions about safety climate and work ability 
using the same models as previously mentioned.

RESULTS
Table 1 shows the demographics, lifestyle, socioeconomic 
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 ques-
tions 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 with partic-
ipants 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, CI 95% 1.03 to 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 to 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).

Of the five single safety climate questions, all had signifi-
cantly increased OR 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 OR of 1.05 (95% CI 0.90 to 1.22) (table 3).

DISCUSSION
The results of the present study show a prospective 
dose–response association between the number of safety 
climate items and decreased physical and mental work 
ability after 2 years (from 2012 to 2014). Furthermore, 
the results suggest that safety climate items are generally 
important since all questions in the safety climate ques-
tionnaire: (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 2 years. For physical work ability, all questions 

N Mean SD %

 � 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

D-ISCO, Danish version of the International Standard Classification of Occupations.

Table 1  Continued
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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 2 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 the International Stan-
dard Classification of Occupations), lifestyle (smoking 
habits and body mass index) and previous accident in 
2012 (table  2). This stepwise 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 acci-
dents may not be sufficient (model 2 of table 2). Conse-
quently, 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 (ie, 
lifestyle). Primary and secondary prevention of safety 
climate items at the workplace should be highly priori-
tised among all blue-collar workers.

The present study shows a clear dose–response asso-
ciation 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 
2 years. The data for the five single safety climate ques-
tions (table 3) show an increased risk of experiencing a 
reduced work ability from all questions, and all except 
question 5 for mental and physical work ability, respec-
tively. Together, the data from the present study suggest 
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 work-
places 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 workers5 and in the general working 
population.33 Therefore, it is important for companies 
to prioritise safety climate since it is associated with an 
increased risk of accidents and also lower physical and 
mental work ability.Ta
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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 of the safety climate before an accident 
occurs32 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 implica-
tions 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 questionnaire 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 who 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, for example, 
job changes, changes in job position or company, safety 
training received, changes in the management personnel 
or witnessing work-related injuries; therefore, these vari-
ables could have influenced perceptions of safety climate. 
This present study is based on the five safety climate ques-
tions 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 envi-
ronment, it was—due to practical reasons—not possible 
to include all safety acclimate scales from the NOSACQ-
50. This is a clear limitation since the NOSACQ-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 evaluates whether safety 
climate items 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 five 
single-item questionnaires have previously been used as 
a proxy for safety climate.5 Another limitation is that the 
five safety climate items in the present study combine 
organisational-level and group-level safety climate items 
without differentiating between these two levels. However, 
the five single items have been used in previous studies to 
show the association between safety climate and future 
accidents5 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 ability29 
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 dichotomised 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 prospective dose–response association 
between the number of safety climate items and future 
decrease in physical and mental work ability. Further-
more, the study shows that all safety climate items are 

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

Question

Physical work ability Mental work ability

OR 95% CI OR 95% CI

1. Management ensures that everyone receives the necessary information on safety 1.53 1.27 to 1.85 1.32 1.09 to 1.59

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

1.39 1.18 to 1.63 1.28 1.09 to 1.51

3. Management involves employees in decisions regarding safety 1.26 1.08 to 1.47 1.26 1.08 to 1.47

4. We who work here help each other to work safely 1.38 1.14 to 1.68 1.32 1.09 to 1.60

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

1.05 0.90 to 1.22 1.19 1.02 to 1.38

Adjustments: Gender, age, socioeconomic class, D-ISCO group (Danish version of International Standard Classification of Occupations) and lifestyle 
(smoking habits and body mass index).
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important since all questions in the safety climate ques-
tionnaire (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 2 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 2 years. Therefore, safety 
climate items should be highly prioritised in blue-collar 
companies since safety climate can predict physical and 
mental work ability.
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