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Association of perceived work 
pace and physical work demands 
with occupational accidents: a cross-sectional 
study of ageing male construction workers 
in Denmark
Pernille Weber Hansen1,2, Vivi Schlünssen1,3, Kirsten Fonager2,4, Jakob Hjort Bønløkke5, Claus D. Hansen6 and 
Henrik Bøggild7* 

Abstract 

Background: Occupational accidents continue to be a significant public health challenge worldwide. Construction 
workers in particular are at high risk of occupational accidents, and thus it is of major importance to identify possible 
predictors of occupational accidents among construction workers. We aimed to investigate the association between 
self-reported work pace and physical work demands and occupational accidents among ageing male construction 
workers in Denmark.

Methods: Data on perceived work pace, physical work demands, and occupational accidents was acquired from 
questionnaires sent to ageing construction workers in Denmark in 2016 as part of the ALFA project (ALdring og Fysisk 
Arbejde; Ageing and Physical Work). A sample of 1270 Danish male construction workers above 50 years of age was 
included in the present study. Multiple logistic regression models were applied, with adjustments for age, smoking, 
body mass index, musculoskeletal disorders, occupation, work experience, and support at work.

Results: Of 1270 construction workers, 166 (13.1%) reported an occupational accident within the last 12 months. 
There was no significant association between perceived work pace and occupational accidents, but physical work 
demands were associated with higher odds for occupational accidents, with an odds ratio of 2.27 (95% confidence 
interval 1.26–4.10) for medium physical work demands and 2.62 (95% confidence interval 1.50–4.57) for high physical 
work demands.

Conclusions: Ageing male construction workers with high physical work demands had statistically significant higher 
odds of having an occupational accident. By contrast, perceived work pace was not associated with occupational 
accidents in this large cross-sectional study.
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Background
Occupational accidents continue to be a significant pub-
lic health challenge worldwide. In 2014, approximately 
374 million workers had an occupational accident requir-
ing at least 4 days of absence, while 380,500 workers died 
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due to an accident at work [1]. Despite efforts to reduce 
occupational accidents through preventive measures 
over the past decades, the prevalence of occupational 
accidents in Denmark is still high, with more than 42,000 
non-fatal and fatal occupational accidents each year 
[2, 3]. This results in a great economic burden on soci-
ety from additional health care expenses and premature 
retirements from the workforce [4, 5], in addition to 
severe health, social, and economic consequences for the 
affected workers, their families, and workplaces [6].

In particular, construction workers have a higher 
prevalence and risk of occupational accidents than other 
occupations [3, 7–9] probably due to their differential 
exposure to hazardous environments, equipment, and 
tasks in daily work [8, 9]. The need to prevent occupa-
tional accidents among construction workers is thus 
evident.

The construction industry is characterised by high 
work pace and physically demanding work [10]. Several 
studies have demonstrated that high physical and psy-
chological job demands are associated with a higher risk 
of occupational accidents [7, 8, 11–15]. An explanation 
may be that physical work demands can generate fatigue 
[16, 17] and decrease the ability to process information 
and adequately react to a dangerous situation [18]. Fur-
thermore, some physically demanding tasks among con-
struction workers may themselves be riskier than less 
demanding tasks.

In addition, studies have found that job stress is related 
to higher odds of occupational accidents among building 
construction workers and coal miners [19, 20].

However, a limitation of these studies is that they 
have combined work pace and physical work demands 
in one exposure measure, making it difficult to identify 
the specific factors associated with occupational acci-
dents, which is critical for evidence-based prevention 
of occupational accidents. Only one of these studies has 
assessed the specific relationship between work pace, 
physical work demands, and occupational accidents, 
indicating work pace and physical work demands to be 
associated with a higher risk of an accident [8]. Other 
factors at work, e.g. noise, shift work, and lack of access 
to assistive devices, as well as individual factors such as 
sleep disturbances or alcohol use may also contribute to 
the risk of occupational accidents [21, 22]. Physical work 
ability required in building and construction work, e.g. 
strength and speed, decreases with age [23, 24]. Accord-
ingly, younger workers may be less affected by work pace 
and physical work demands than older workers, who may 
be less able to withstand the demands. Experience may, 
on the other hand, protect older workers from the risks 
of accidents with a high work pace and physical work 
demands.

Although a study has examined the relationship 
between work-related factors and occupational accidents 
among ageing workers [25], knowledge about how work 
factors are related to occupational accidents, specifically 
among ageing construction workers, remains limited.

We investigated the hypothesis that work pace and 
physical work demands were associated with higher odds 
of an occupational accident among ageing construction 
workers.

Methods
Population
Data for this cross-sectional study were acquired from 
questionnaires sent to ageing Danish construction 
workers as part of the ALFA project (ALdring og Fysisk 
Arbejde; Ageing and Physical Work) [26]. In 2016, a ran-
dom sample of 5731 Danish construction workers born 
before 1967 received a questionnaire regarding health, 
work environment, and attitudes toward retirement. 
Of them, 2814 responded to all or part of the question-
naire (response rate, 49%). Respondents who answered 
that they did not work as a construction worker or were 
not employed were excluded from the analyses. Female 
respondents were also excluded due to a small propor-
tion of women. In addition, respondents who had not 
answered all questions related to outcome, exposures, 
and covariates were excluded from the analyses, result-
ing in a sample of 1270 Danish male construction work-
ers (Fig. 1).

Occupational accidents – outcome
An occupational accident was defined as ‘a discreet, sud-
den and unexpected incident during work leading to 
physical or mental injury’ [27]. We used a question origi-
nally from The Work Environment and Health study [28]: 
‘Have you been involved in one or more occupational 
accidents within the last 12 months?’ and dichotomised 
the answer into ‘No’, including those who answered ‘No 
accidents’, and ‘Yes’, including those who answered ‘One 
accident’, ‘Two accidents’, ‘Three accidents’, or ‘Four or 
more accidents’.

Perceived work pace – exposure
Perceived work pace was measured using two questions 
retrieved from Copenhagen Psychosocial Questionnaire 
(COPSOQ-II) [29] related to the respondents’ work in 
general: ‘Is it necessary to work very fast?’ and ‘Is the 
work pace high throughout the whole workday?’ They 
were combined into a scale. This was considered accept-
able, with a Cronbach’s alpha of 0.77 [30]. Three groups 
were created based on the respondents’ answers to the 
two questions. Respondents who answered ‘Always’ 
or ‘Often’ were categorised as having high work pace; 
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‘Sometimes’ were categorised as having medium work 
pace; and ‘Rarely’ or ‘Never/hardly never’ had low work 
pace.

Physical work demands – exposure
Physical work demands were measured using a question 
acquired from The Work Environment and Health study 
[28]: ‘How physically demanding do you usually perceive 
your current work?’ with a numeric 11-point response 
scale ranging from 0 (‘not hard’) to 10 (‘maximally hard’). 
Three exposure groups were created, and the cutoff 
points were chosen based on the definitions of the scale 
and to have a reasonable distribution of respondents. 
Respondents who rated <=5 on the scale were catego-
rised as low physical work demands; 6 or 7, medium 
physical work demands; and > =8, high physical work 
demands.

Covariates
Putative confounders were identified a priori by review-
ing the literature and using Directed Acyclic Graphs 
[31]. Age, body mass index, smoking, and musculoskel-
etal disorders were selected for adjustment due to their 
association with occupational accidents [7, 8, 13, 32–34] 
and association with work ability as well as health sta-
tus [26, 35–38]. Occupation, work experience, and 

support at work were included as work-related covari-
ates as they have been identified as relevant risk factors 
for occupational accidents in other studies [8, 12, 34, 39, 
40] and are assumed to be associated with the exposure 
of interest. Age was categorised into four age groups: 
50–54 years, 55–59 years, 60–64 years, and 65+ years. 
Body Mass Index (BMI) was calculated as weight (kg)/
height(m)2 based on self-reported weight and height, and 
categorised into BMI ≤ 24.9, 25–29.9, and ≥ 30. Smoking 
was measured using the question ‘Do you smoke?’ The 
respondents who smoked daily or sometimes were cate-
gorised as current smokers, those who used to smoke but 
not anymore were categorised as former smokers, and 
those who had never smoked were categorised as never 
smokers. Musculoskeletal disorder was measured using 
the question ‘Do you have any disorders in the following 
parts of the body (Yes/No) – neck/shoulders, back, upper 
extremities, and lower extremities?’ Musculoskeletal dis-
order was assessed for all four body regions separately. 
Occupation was identified by asking the respondents 
to state their job title, which was subsequently coded 
according to the Danish version of the International 
Standard Classification of Occupations (DISCO-08). 
The four most frequent occupations were categorised 
according to their respective titles Carpenters and Join-
ers, Building and Related Electricians, Plumbers and 

Fig. 1 Flowchart of the study population
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Pipe Fitters, and Painters and Related Workers, whereas 
the remaining occupations were aggregated and catego-
rised as Others. Work experience was measured using 
the question ‘How many years have you worked in your 
current field?’ and categorised into four groups based on 
the quartiles: 0–22 years, 23–34 years, 35–39 years, and 
40–64 years. Support at work was measured using the 
question ‘How often do you get help and support from 
your colleagues?’ and categorised into high, medium, 
and low. Respondents who answered ‘Always’ and ‘Often’ 
were categorised as having high support at work; ‘Some-
times’, medium support at work; and ‘Rarely’ and ‘Never/
hardly never’, low support at work.

Statistical analyses
Simple descriptive statistics were used to describe the 
characteristics of the study population in frequencies and 
percentages.

Multiple logistic regression models were used to esti-
mate odds ratios (OR) and 95% confidence intervals (CI). 
All analyses were conducted with occupational accidents 
as the dependent variable and work pace or physical work 
demands as the independent variable. Both independent 
variables had the category ‘Low’ as the reference. In addi-
tion to crude logistic regression models, adjusting for 
each of the covariates were conducted, and as only mod-
est changes were seen after adjustment, two models were 
estimated. Model 1 was adjusted for age, BMI, smoking, 
and musculoskeletal disorders (demographic, lifestyle, 
and health characteristics); Model 2 was further adjusted 
for occupation, work experience, and support at work 
(work characteristics). Additionally, a mutual-adjusted 
logistic regression was conducted to assess the concur-
rent effect of both exposures.

Pearson chi-square tests were performed to com-
pare respondents with non-respondents and compare 
those included in the final study population with those 
excluded due to incomplete data (non-response analy-
ses). The comparison between the groups was made using 
register data. The groups were compared in terms of 
age, residence region, family income, and the number of 
children.

A p-value of < 0.05 was considered statistically signifi-
cant. All analyses were conducted using Stata 15.1 (Stata-
Corp LLC, College Station, TX, USA).

Results
Of the respondents, 166 construction workers (13.1%) 
had an occupational accident within the last 12 months. 
Most construction workers were aged 50–54 years 
(35.7%) or 55–59 years (35.3%) (Table 1). 23% were cur-
rent smokers, and 18.3% had a BMI of 30.0 or above. 
Most construction workers were carpenters and joiners 

(23.1%) and had 40–64 years of work experience in their 
current occupation (28.7%). 31.4% had musculoskeletal 
disorders in their lower extremities.

In the crude and adjusted analysis, there was no sta-
tistically significant association between perceived work 
pace and occupational accidents in any of the models 
(Table 2). In contrast to perceived work pace, there was 
a statistically significant association between physical 
work demands and occupational accidents in all models 
(Table 3). In the fully adjusted Model 2, odds of an occu-
pational accident were 2.27 (95%CI 1.26–4.10) for con-
struction workers with medium physical work demands 
and 2.62 (95%CI 1.50–4.57) times higher for construction 
workers with high physical work demands compared with 
construction workers with low physical work demands.

Further, the mutually adjusted analysis, Table  4, indi-
cated that adjusting for perceived work pace did not 
change the association between physical work demands 
and occupational accidents (compared with the estimates 
from Table 3, crude and Model 2), while the small effect 
of perceived work pace on accidents (Table 2, crude and 
Model 2) disappeared, suggesting that the physical work 
demands were responsible for the associations.

Younger construction workers, construction work-
ers living in the Capital Region of Denmark or Region 
Zealand, and construction workers with a lower family 
income were more likely to be non-respondents (Sup-
plementary Table S1). Older construction workers were 
more inclined to have incomplete data.

Discussion
In this study, perceived work pace was not significantly 
associated with occupational accidents. However, there 
was an association between physical work demands and 
occupational accidents among ageing male construction 
workers, even after adjustment for relevant covariates.

No earlier studies have investigated the specific asso-
ciation between work pace and occupational accidents. 
However, some studies have examined the closely related 
exposure of time pressure. In line with our study, Ras-
mussen et  al. [41] found no association between time 
pressure and occupational accidents among Danish ado-
lescents. By contrast, Van der Klauw et  al. [42] showed 
that in the construction industry in the Netherlands, high 
time pressure was significantly associated with occupa-
tional accidents.

Studies have investigated work pace in combina-
tion with other work environment factors, showing job 
stress as well as high psychological job demands, includ-
ing high work pace, to be associated with higher odds of 
an occupational accident [7, 8, 11–14, 19, 20, 25]. Chau 
et  al. found that workers exposed to high psychological 
demands, including high work pace and mental load, had 
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Table 1 Characteristics of the study population (N = 1270), divided by exposure. Number (percentage)

BMI: Body Mass Index (kg/m2)

Work pace Physically demanding work

All Low Medium High Low Medium High

Age

 50–54 years 453 (35.7) 35 (28.9) 196 (38.1) 222 (35.0) 96 (35.0) 140 (36.5) 217 (35.5)

 55–59 years 449 (35.3) 33 (27.3) 168 (32.7) 248 (39.1) 78 (28.5) 124 (32.3) 247 (40.4)

 60–64 years 279 (22.0) 36 (29.8) 116 (22.6) 127 (20.0) 70 (25.6) 97 (25.3) 112 (18.3)

 65+ years 89 (7.0) 17 (14.1) 34 (6.6) 38 (6.0) 30 (11.0) 23 (6.0) 36 (5.9)

BMI

  ≤ 24.9 394 (31.0) 35 (29.0) 170 (33.1) 189 (29.8) 77 (28.1) 118 (30.7) 199 (32.5)

 25.0–29.9 644 (50.7) 59 (48.8) 248 (48.3) 337 (53.1) 139 (50.7) 188 (49.0) 317 (51.8)

  ≥ 30.0 232 (18.3) 27 (22.3) 96 (18.7) 109 (17.2) 58 (21.2) 78 (20.3) 96 (15.7)

Smoking

 Never 519 (40.9) 47 (38.8) 225 (43.8) 247 (38.9) 125 (45.6) 151 (39.3) 243 (39.7)

 Former 459 (36.1) 49 (40.5) 178 (34.6) 232 (36.5) 100 (36.5) 142 (37.0) 217 (35.5)

 Current 292 (23.0) 25 (20.7) 111 (21.6) 156 (24.6) 49 (17.9) 91 (23.7) 152 (24.8)

Musculoskeletal disorders

 Neck/shoulders 348 (27.4) 30 (24.8) 132 (25.7) 186 (29.3) 66 (24.1) 94 (24.5) 188 (30.7)

 Back 358 (28.2) 39 (32.2) 126 (24.5) 193 (30.4) 70 (25.6) 105 (27.3) 183 (29.9)

 Upper extremities 239 (18.8) 15 (12.4) 83 (16.2) 141 (22.2) 37 (13.5) 63 (16.4) 139 (22.7)

 Lower extremities 399 (31.4) 37 (30.6) 155 (30.2) 207 (32.6) 77 (28.1) 128 (33.3) 194 (31.7)

Occupation

 Carpenters and Joiners 293 (23.1) 24 (19.8) 117 (22.8) 152 (23.9) 53 (19.3) 95 (24.7) 145 (23.7)

 Building and Related Electricians 169 (13.3) 17 (14.1) 89 (17.3) 63 (9.9) 51 (18.6) 74 (19.3) 44 (7.2)

 Plumbers and Pipe Fitters 96 (7.5) 5 (4.1) 37 (7.2) 54 (8.5) 6 (2.2) 33 (8.6) 57 (9.3)

 Painters and Related Workers 58 (4.6) 2 (1.7) 19 (3.7) 37 (5.8) 9 (3.3) 20 (5.2) 29 (4.7)

 Others 654 (51.5) 73 (60.3) 252 (49.0) 329 (51.8) 155 (56.6) 162 (42.2) 337 (55.1)

Work experience

 0–22 years 308 (24.3) 47 (38.8) 125 (24.3) 136 (21.4) 92 (33.6) 79 (20.6) 137 (22.4)

 23–34 years 324 (25.5) 32 (26.5) 131 (25.5) 161 (25.4) 58 (21.2) 103 (26.8) 163 (26.6)

 35–39 years 273 (21.5) 13 (10.7) 101 (19.7) 159 (25.0) 40 (14.6) 82 (21.4) 151 (24.7)

 40–64 years 365 (28.7) 29 (24.0) 157 (30.5) 179 (28.2) 84 (30.7) 120 (31.3) 161 (26.3)

Support at work

 Low 223 (17.6) 25 (20.7) 77 (15.0) 121 (19.1) 44 (16.1) 63 (16.4) 116 (19.0)

 Medium 494 (38.9) 34 (28.1) 209 (40.7) 251 (39.5) 116 (42.3) 145 (37.8) 233 (38.1)

 High 553 (43.5) 62 (51.2) 228 (44.4) 263 (41.4) 114 (41.6) 176 (45.8) 263 (43.0)

Work pace

 Low 121 (9.5) – – – 60 (21.9) 35 (9.11) 26 (4.3)

 Medium 514 (40.5) – – – 138 (50.4) 200 (52.1) 176 (28.8)

 High 635 (50.0) – – – 76 (27.7) 149 (38.8) 410 (67.0)

Physical work demands

 Low 274 (21.6) 60 (49.6) 138 (26.9) 76 (12.0) – – –

 Medium 384 (30.2) 35 (28.9) 200 (38.9) 149 (23.5) – – –

 High 612 (48.2) 26 (21.5) 176 (34.2) 410 (64.6) – – –

Occupational accident

 No 1104 (86.9) 108 (89.3) 446 (86.8) 550 (86.6) 257 (93.8) 333 (86.7) 514 (84.0)

 Yes 166 (13.1) 13 (10.7) 68 (13.2) 85 (13.4) 17 (6.2) 51 (13.3) 98 (16.0)
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1.35 (95%CI 1.02–1.78) times higher odds of an occupa-
tional accident compared with unexposed workers in a 
broad group of workers [7]. A crude odds ratio indicated 
that work pace was a significant risk factor for occupa-
tional accidents (OR 1.81 95%CI 1.35–2.41) in a broad 

group of workers [8]. Kiconco et  al. similarly reported 
that a measure of job stress based on 14 items including 
work pace, was significantly associated with occupational 
accidents specifically among building construction work-
ers (aPR 1.72 95%CI 1.22–2.41) [19]. Our finding sup-
ports that of Juliá et  al., who combined work pace with 
five other work factors and found no association between 
this measure and occupational accidents among common 
male workers in Spain [40].

The inconsistent findings might be explained by the 
different exposure variables, as work pace in the present 
study is examined independently and not in combination 
with other work factors. Another explanation could be 
the categorisations of work pace as well as different study 
populations.

The finding that physical work demands were asso-
ciated with occupational accidents is consistent with 
earlier studies exploring physical work demands in com-
bination with other work factors [8, 11–15, 19, 20, 25]. 
For example, a cross-sectional study by Sakurai et  al. 
showed that high job demands, measured from seven 
work factors including physical work demands, was sig-
nificantly associated with occupational accidents among 
common workers in Japan (OR 1.44, 95%CI 1.28–1.63) 
[15]. Another large cross-sectional study among the 
general working population in France found that male 
workers exposed to high psychological demands had a 

Table 2 Association between work pace and occupational accidents, unadjusted and adjusted, odds ratios (OR) and 95% confidence 
intervals (CI)

a  Model 1 adjusts for age, body mass index, smoking, and musculoskeletal disorders
b  Model 2 adjusts for age, body mass index, smoking, musculoskeletal disorders, occupation, work experience and support at work Ref: Reference group

N Crude Model  1a Model  2b

Case/Exposed OR (95% CI) OR (95% CI) OR 95% CI

Work pace

 Low 13/121 1.00 (ref ) 1.00 (ref ) 1.00 (ref )

 Medium 68/514 1.27 (0.67–2.38) 1.24 (0.65–2.37) 1.35 (0.70–2.60)

 High 85/635 1.28 (0.69–2.38) 1.19 (0.63–2.27) 1.29 (0.67–2.48)

Table 3 Association between physical work demands and occupational accidents, unadjusted and adjusted, odds ratios (OR) and 95% 
confidence intervals (CI)

a  Model 1 adjusts for age, body mass index, smoking, and musculoskeletal disorders
b  Model 2 adjusts for age, body mass index, smoking, musculoskeletal disorders, occupation, work experience and support at work. Statistically significant results 
(p < 0.05) are marked in bold. Ref: Reference group

N Crude Model  1a Model  2b

Case/Exposed OR (95% CI) OR (95% CI) OR 95% CI

Physical work demands

 Low 17/274 1.00 (ref )* 1.00 (ref ) 1.00 (ref )

 Medium 51/384 2.32 (1.31–4.10) 2.28 (1.27–4.07) 2.27 (1.26–4.10)
 High 98/612 2.88 (1.69–4.93) 2.70 (1.56–4.67) 2.62 (1.50–4.57)

Table 4 Association between both work pace and physical work 
demands, results from the mutually adjusted logistic regression 
analysis, odds ratios (OR) and 95% confidence intervals (CI)

a  the total impact of work pace and physical work demands on occupational 
accidents adjusted for each other
b  the total impact of work pace and physical work demands on occupational 
accidents adjusted for each other as well as adjusted for age, body mass index, 
smoking, musculoskeletal disorders, occupation, work experience, and support 
at work

Statistically significant results (p < 0.05) are marked in bold. Ref: Reference group

Crudea Model  1b

OR 95% CI OR 95% CI

Work pace

 Low 1.00 (ref ) 1.00 (ref )

 Medium 1.03 (0.54–1.97) 1.12 (0.58–2.19)

 High 0.88 (0.46–1.67) 0.94 (0.48–1.85)

Physical work demands

 Low 1.00 (ref ) 1.00 (ref )

 Medium 2.35 (1.32–4.19) 2.28 (1.26–4.13)
 High 3.06 (1.75–5.35) 2.73 (1.53–4.88)
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1.38 (95%CI 1.16–1.64) times higher odds of an occu-
pational accident [11]. Moreover, Chau et  al. estimated 
a crude OR of 3.37 (95%CI 2.47–4.61), suggesting that 
physical work demands were a strong risk factor for 
occupational accidents [8]. Finally, an earlier study 
among Danish adolescents found that high physical work 
demands were related to a 2.3-fold higher odds of an 
occupational accident [41] and Baidwan et al. found that 
ageing workers who perceived their workplaces to have 
high work demands had a risk nearly two times greater 
for occupational accidents [25]. We categorized physical 
work demands into three categories. Only one previous 
cohort study has applied the same categorisation, but 
did not identify the same associations, as only high and 
not medium psychologic demands were associated with 
significantly higher odds of an accident [14]. This con-
tradictory finding may be explained by differences in the 
exposure variables.

Strengths and limitations
A strength of the present study is that it investigates how 
specific work factors are associated with occupational 
accidents. Another strength is the thorough adjustment 
for putative confounding variables and that the results 
are consistent across different models. Also, the ALFA 
project was not designed to examine the associations 
between work pace, physical work demands, and occupa-
tional accidents, reducing the risk of selection and infor-
mation bias due to knowledge among the respondents to 
the purpose of the study. There are also some limitations. 
First, the cross-sectional design precluded the determi-
nation of causal relationships. Hence, reverse causality 
cannot be ruled out, and being subject to an occupational 
accident may increase the likelihood of experiencing high 
physical work demands. In addition, we can also not rule 
out the possibility that people due to an accident (within 
the last 12 months) have got another job and other job 
demands. The questionnaire was concerned about acci-
dents but did not distinguish whether the respondent had 
an injury or was unaffected by the accident. It would also 
have been relevant to know the specific type of accident 
and the seriousness, as minor injuries and more seri-
ous ones may be remembered differently when asked to 
remember a year back. It would, however, probably not 
be related to work pace or physical work demands and 
by that would underestimate the associations. Second, 
the study is based solely on self-reported data, which is 
vulnerable to reporting bias due to respondents’ selec-
tive reporting by outcome status or emotions [31]. For 
instance, it is not inconceivable that construction work-
ers who have had an occupational accident are searching 
for a cause and therefore may report a higher work pace 
and physical work demands than construction workers 

without an accident at work, even though they have 
objectively had an equally high work pace and physical 
work demands. This would lead to differential misclassi-
fication and bias away from null. It is also possible that 
some of the workers have non-manual functions (fore-
men, office) and thus lower prevalence of physical work 
demands, but this should not raise estimates as it would 
probably be non-differential misclassification, as the 
registration of accidents should not be affected by hav-
ing non-manual functions. The study included a hetero-
geneous group of occupations labelled as “others”. Their 
work environment may differ and the adjustment could 
leave residual confounding. Third, recall bias may have 
occurred as the respondents were asked to recall occu-
pational accidents within the last 12 months, which may 
have led to an underestimation of occupational acci-
dents, but probably not related to the work environ-
ment and thus without biasing the estimates. The timing 
of the exposures was not defined directly but related to 
the current work situation. Fourth, while the questions 
about work pace originate from a reliable and validated 
questionnaire (COPSOQ-II) [29], the questions concern-
ing physical work demands and occupational accidents 
come from a large national questionnaire that is not 
validated (e.g. against registers or other questionnaires) 
[28]. However, it is still reasonable to assume that the 
respondents provided correct and accurate information 
as the questionnaire was developed based on research-
based questions and methods as well as frequently used 
to identify health status and evaluate work environments 
in Denmark [28]. Although, minor accidents may have 
been underreported, as the question about occupational 
accidents is relatively unspecific in relation to severity. In 
addition, measuring solely perceived work pace may not 
grasp the actual objective pace of the work because expe-
rienced workers such as those participating in this study 
will have naturalised the pace with which they work. 
For that reason, the contrast in the variable will be low 
(which could be seen in Table 1 as a tendency to a ceiling 
effect) and it might not reflect differences in actual work 
pace but rather the perception of pace, which may be 
affected by many other aspects than the actual work pace.

Thus, more objective measures would have strength-
ened this study. Fifth, there was a low participation 
rate (49.1%) in the present study compared with other 
cross-sectional studies in the field [11, 12, 15]. A non-
response analysis revealed some differences between 
respondents and non-respondents in terms of age, fam-
ily income, and residence region. However, this is not 
expected to have led to selection bias and thereby influ-
enced the associations in the study, as it seems unlikely 
that the respondents’ decision not to participate was 
dependent on both the exposure and outcome. Sixth, 
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despite the adjustments made in the statistical analyses, 
residual confounding from other contributing factors 
that we did not have data about, cannot be excluded. 
Examples could be workplace noise, sleep disturbances, 
and alcohol use. For other work-related factors like 
psychological demands and social support from lead-
ers, they could also be related to work accidents, but 
adjusting for these factors did not change estimates 
much (data not shown) and might lead to over adjust-
ment of the results. The regression models were adjust-
ing for up to seven potential confounders and with 166 
outcomes, of which only 17 in the reference group for 
work demands, this could in theory lead to unstable 
models. We first examined the changes for each con-
founder individually in order to evaluate that adjust-
ment did not dramatically change estimates compared 
to the unadjusted models, and the changes in estimates 
and confidence intervals were all less than 10%, and 
although cells with few accidents were present in the 
regression models, we found that the models remained 
stable. Finally, the differences between respondents and 
non-respondents and the possible bias may weaken the 
external validity of the study, as the respondents can-
not be considered fully representative of all male ageing 
construction workers in Denmark.

Conclusions
This study found that ageing construction workers 
having medium or high physical work demands had 
statistically significant higher odds of having had an 
occupational accident within the last 12 months com-
pared with those reporting low physical work demands. 
By contrast, work pace was not related to occupational 
accidents. This indicates that physical work demands 
are a significant risk factor for occupational accidents, 
whereas work pace does not appear to be so, at least in 
this specific group of workers. However, due to method-
ological weaknesses related to the cross-sectional design, 
the small number of accidents and the self-reporting of 
both working environment and accidents, results should 
be interpreted with caution. Prospective studies using 
objective measures on work pace and demands as well as 
objective registrations of accidents are needed to guide 
future prevention strategies for work accidents.
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