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Duration and intensity of occupational lifting and risk of long-term sickness absence: 
Prospective cohort study with register follow-up among 45 000 workers
by Rúni Bláfoss, MSc,1, 2 Sebastian Venge Skovlund, MSc,1, 2 Sebastian Skals, PhD,1 Emil Sundstrup, PhD,1 Rubén López-Bueno, 
PhD,1, 3 Joaquin Calatayud, PhD,1, 4 Lars Louis Andersen, PhD 1, 5

Bláfoss R, Skovlund SV, Skals S, Sundstrup E, López-Bueno R, Calatayud J, Andersen LL. Duration and intensity of occupational 
lifting and risk of long-term sickness absence: Prospective cohort study with register follow-up among 45 000 workers. Scand 
J Work Environ Health. 2023;49(4):283–292.

Objective   This study aimed to investigate the prospective association of lifting duration and lifting load with 
the risk of long-term sickness absence (LTSA).
Methods   We followed manual workers with occupational lifting (N=45 346) from the Work Environment and 
Health in Denmark Study (2012–2018) for two years in a high-quality national register on social transfer pay-
ments (DREAM). Cox regressions with model-assisted weights were employed to estimate the risk of LTSA 
from lifting duration and loads.
Results   During follow-up, 9.6% of the workers had an episode of LTSA. Compared to workers with seldom 
lifting (reference), workers lifting ½ and ¾ of the workday had increased risk of LTSA [hazard ratios (HR) of 
1.36 [95% confidence interval (CI) 1.20–1.56] and 1.22 (95% CI 1.07–1.39)], respectively. Lifting load showed 
a positive exposure–response association with LTSA (trend test, P<0.01), with HR for lifting 5–15, 16–29, and 
≥30 kg at 1.11 (95% CI 1.02–1.22), 1.17 (95% CI 1.03–1.34), and 1.29 (95% CI 1.11–1.50), respectively. Age-
stratified analyses showed increased risk of LTSA among workers ≥50 years with a high proportion of work-
related lifting compared to their younger counterparts.
Conclusions   Occupational lifting for ½ the workday increased the risk of LTSA, while higher occupational lifting 
load exacerbated this risk in an exposure–response manner. The study underscores the importance of reducing 
both lifting duration and loads for prevention of LTSA at the workplace, especially among older workers.

Key terms   absenteeism; aging; musculoskeletal disease; physical workload; public health; occupational expo-
sure; socioeconomic factor.
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Physically demanding work, comprising awkward pos-
tures, repetitive work, and manual material handling, is 
a well-established risk factor for sickness absence (1, 2) 
and remains highly prevalent in modern societies (3). 
Sickness absence affects individuals, employers, and 
societies through productivity loss and sickness payment 
benefits (4, 5). Besides its direct impacts, long-term 
sickness absence (LTSA) may contribute to workers 
permanently exiting the labor market before the state 

pension age (6). Thus, LTSA is associated with both 
immediate and long-term consequences for work par-
ticipation. Furthermore, current demographic changes 
mean that relatively fewer working-age citizens will be 
available to support the growing number of retirees (7). 
This results in lower tax incomes to finance the welfare 
systems and increases the need of formal care due to the 
growing numbers of senior citizens. Therefore, increas-
ing or retaining work participation is of high societal 
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interest in order to meet the needs of an aging society. 
To develop effective preventive measures on workplace 
and societal level it is important to identify work-related 
risk factors for reduced work participation, eg, LTSA.

High exposure to occupational lifting has previously 
been suggested as a risk factor for sickness absence (1, 
8). Because lifting is a dynamic exposure, which can be 
quantified in duration, frequency, and load, it is relevant 
to investigate the importance of different lifting factors 
in relation to the risk of LTSA. Previous studies investi-
gating work-related physical risk factors for LTSA have 
assessed lifting load/volume by job exposure matrices 
(1) and lifting duration at baseline (8). In order to elabo-
rate on existing knowledge, we need large representative 
studies with sufficient statistical power to investigate the 
effects of the different aspects of lifting (ie, duration, 
frequency, and load) on health outcomes (eg, LTSA) 
and to stratify the analyses by age-group and sex. Thus, 
large-scale studies investigating the importance of lift-
ing duration, frequency, and load are warranted to 
support the development of upstream and downstream 
interventions targeting work participation among work-
ers with physically demanding work. Also it remains to 
be established whether age- and/or sex-specific differ-
ences exist in the risk for LTSA among workers with 
physically demanding work (9–12). Studies comparing 
the risks of sickness absence among men and women 
with physically demanding work have found conflict-
ing results (9, 10), while older workers with physically 
demanding work seem to be at higher risk of LTSA than 
their younger comparable counterparts (12). However, 
these studies investigated physically demanding work in 
general, and not occupational lifting specifically.

The present prospective cohort study investigated the 
importance of lifting duration and load on register-based 
LTSA among 45 000 representative Danish workers with 
lifting work. We performed sub-group analyses on age 
and sex to examine the potential of preventive strategies 
in these subgroups. We hypothesized that the risk of 
LTSA would increase in an exposure-response manner 
with increasing lifting duration and load, and that older 
workers and women subjected to these exposures were 
at higher risk.

Methods

Study design and populations

This prospective cohort study with register follow-
up is based on the nationwide questionnaire survey 
Work Environment and Health in Denmark (WEHD) 
(13, 14). The present study used all four rounds of the 
questionnaire survey (2012, 2014, 2016, 2018), and 

linked it to the Danish Register for Evaluation of Mar-
ginalisation (DREAM) (12, 15). In each questionnaire 
round, Statistics Denmark drew a probability sample of 
Danish citizens between 18–64 years, who worked for 
a minimum of 35 hours per month and earned ≥3000 
DKK (approximately €400) per month for the past three 
months, and invited them to participate in the study (15). 
In total, for all four rounds of the survey, Statistics Den-
mark sent 228 173 invitations and received responses 
from 127 882 persons (response rate: 56%) (12). The 
present study included only currently employed wage 
earners with lifting tasks at work (see definition below 
in the exposure section) representing most job groups in 
Denmark and without incident LTSA 52 weeks preced-
ing the questionnaire reply (N=45 346) (12), because 
sickness absence in the past year predicts future sickness 
absence (16). In case of participation in several survey 
rounds, we included only first occasion responses (12). 
The reporting of this study conforms to the STROBE 
guidelines for cohort studies (17).

Occupational lifting (exposure)

We assessed lifting duration and the typical load of the 
lifting tasks during a working day with two questions. 
The following question assessed the duration “How 
much of your working day do you carry or lift?” with the 
response options in the following order “Almost all the 
time”, “Approximately ¾ of the time”, “Approximately 
½ the time”, “Approximately ¼ of the time”, “Seldom”, 
or “Never”. As described above, we excluded partici-
pants without lifting tasks at work from the analyses, 
eg, those replying “Never”. We compared lifting dura-
tion with the workers answering “Seldom” (reference 
group). Throughout the manuscript, carrying or lifting 
is referred to as “lifting”. Lifting load was assessed by 
the question “What does what you carry or lift typi-
cally weigh?”, where the participants had the following 
response options: “Less than 5 kg”, “5–15 kg”, “16–29 
kg”, or “30 kg or more”. We compared lifting load to 
the group of workers, who typically lifted loads “Less 
than 5 kg” (reference group).

Long-term sickness absence (outcome)

Statistics Denmark linked the replies from the WEHD 
study to the DREAM register using the unique personal 
identification number (CPR), which all Danish citi-
zens receive at birth or immigration. DREAM contains 
weekly information about employment and sickness 
absence payments, and is based on the municipalities’ 
actual payment information. It is a high-quality register, 
since the employers have strong economic incentives 
to receive the compensation (18). In Denmark, the 
employer covers the first 30 days of sickness absence, 
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while the municipality can compensate the remaining 
days. The DREAM contains employment and sickness 
absence on a weekly basis. Therefore, the first day of 
sickness absence may start in the end of a week, and the 
last week of sickness absence may end in the beginning 
of the week. Thus, ≥30 days of sickness absence corre-
sponds to ≥6 weeks in DREAM. We defined LTSA as ≥6 
weeks of registered sickness absence for a period of ≤2 
years, which started the week after replying the baseline 
questionnaire (12, 15). We limited the last WEHD round 
(2018) to comprise a ~1½-year follow-up in order to 
terminate ultimo 2019, before the COVID-19 pandemic 
reached Denmark (12, 15).

Control variables

We adjusted the analyses for the following potential 
confounders: age (continuous variable), sex (categorical 
variable: man, woman), year of survey reply (categori-
cal variable: 2012, 2014, 2016, 2018), education (cat-
egorical variable: unskilled and skilled workers, further 
education), use of assistive devices (categorical variable: 
“always”, “often”, “sometimes”, “seldom”, “never”), 
leisure-time physical activity (continuous variable: total 
weekly hours of leisure-time physical activity), body 
mass index (BMI, kg/m2, continuous variable), smok-
ing status (categorical variable: daily, sometimes, ex-
smoker, never), psychosocial work factors (continuous 
variable), and depressive symptoms (continuous vari-
able) (12, 15, 19, 20). Psychosocial work factors were 
based on the Copenhagen Psychosocial Questionnaire 
(COPSOQ), which include six items about job strain 
and two items about influence at work, each converted 
to a 0–100 scale (0 = worst, 100 = best) (21). Depressive 
symptoms were based on the Major Depression Inven-
tory (scale 0–50) (22).The chosen control variables may 
be associated with both exposure and outcome. Because 
some control variables may function as mediators, which 
could lead to overadjustment, we present a minimally 
and a fully adjusted model for all workers. For the strati-
fied analyses, we provide fully adjusted models.

The Central Person Register of Denmark provided 
age and sex for each individual (12, 15). We also 
extracted the longest completed education from the 
register and included in the analyses. The remainder of 
the control variables were assessed by the questionnaire 
surveys.

Statistical analyses

The Cox proportional hazards model (23) (Proc Sur-
veyPhreg of SAS version 9.4) was used to model the 
hazard ratio (HR) of LTSA during follow-up. Lifting 
duration and lifting load were the exposure variables. 
LTSA during follow-up was the outcome in a time-to-

first-event analysis. Censoring occurred in the following 
criteria: reaching the end of the follow-up period, early 
retirement, disability pension, statutory retirement, 
emigration, or death. We used model-assisted weights 
to ensure representative estimates. Model 1 (minimally 
adjusted) was adjusted for age, sex, education, use of 
assistive devices, and year of questionnaire reply. Model 
2 (fully adjusted) additionally included psychosocial 
work factors, lifestyle, and depressive symptoms. We 
also performed stratified analyses of the fully adjusted 
model (age, sex). Results are reported as HR with 95% 
confidence intervals (CI).

Results

Table 1 illustrates the participant characteristics. The 
study consists of a middle-aged population (mean age: 
46 years), equally distributed between sexes and with 
a mean BMI of 25.9 (slightly overweight). More than 
1/5 of the participants smoked daily or occasionally 
(21.8%), and the mean duration of weekly leisure-time 
physical activity at either low-, moderate-, or high 
intensity was 5.2 hours in total. Additionally, during the 
2-year follow-up, the weighted incidence of LTSA was 
9.6% (95% CI 9.3–9.9%).

Table 2 provides the associations of lifting duration 
and lifting load during work with the risk of register-
based LTSA. In the minimally adjusted model (model 
1), lifting for ¼ and more of the workday increased the 
risk of LTSA significantly compared to the reference 
group of workers (seldom). Workers were at higher risk 
when lifting for ½ and ¾ of the workday compared to 
¼ of the workday, but there were no difference in risk 
between those lifting for ¾ versus ½ of the workday. 
In the fully adjusted model, only lifting ½ and ¾ of the 
workday resulted in elevated risk of LTSA, without a 
statistically significant difference between lifting ½ or 
¾ of the workday.

Among all workers, lifting heavier loads at work 
showed an exposure–response association with increased 
risk of LTSA (trend test: P<0.01) compared to the work-
ers lifting objects of <5 kg per workday (reference) 
(table 2). All lifting loads ≥5 kg resulted in statistically 
significant differences in both models (less and fully 
adjusted) compared to the reference group.

The fully adjusted model provided slightly lower 
estimates compared with the minimally adjusted, but 
the differences were negligible.

Table 3 illustrates the age-stratified analyses in 
regard to occupational lifting factors and the risk of 
LTSA. Younger and middle-aged workers (<50 years) 
had increased risk of LTSA when lifting for ½ of the 
workday, while older workers (≥50 years) were at an 
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increased risk when lifting for ½ and ¾ of the workday. 
However, the risk estimates were not higher when lifting 
¾ of the workday compared to lifting ½ the workday.

For lifting load, workers <50 years had a signifi-
cantly higher risk of LTSA when lifting objects ≥30 
kg. Among workers ≥50 years, a positive exposure–
response association existed between all categories of 
lifting load and the risk of LTSA.

Interaction analyses on age by duration and load did 
not reach statistical significance (P>0.05). Age by load 
showed a statistical trend (P=0.0516).

Table 4 shows the sex-stratified analyses. Men 

reporting lifting ≥¼ of the workday had higher risk of 
register-based LTSA, whereas women were at higher 
risk of LTSA when lifting ½ the workday. In terms of 
lifting load, men had an elevated risk of LTSA when 
lifting ≥30 kg, while women where at higher risk when 
lifting 5–15 kg and ≥30 kg.

Interaction analyses on sex by duration and load did 
not reach statistical significance (P>0.05).

Discussion

The main findings of the present study were that (i) 
workers reporting lifting at work for ½ and ¾ of the 
workday had an increased risk of register-based LTSA, 
and (ii) an exposure–response association existed 
between higher lifting load and the risk of LTSA. Sub-
group analyses indicated that workers ≥50 years had a 
higher risk of LTSA in terms of both lifting duration 
and lifting load compared to workers <50 years, while 
the sex differences were less clear. These results sug-
gest that lifting duration and load are significant risk 
factors for LTSA among workers with a high degree of 
occupational lifting. The results add on previous find-
ings, which may function as foundation for upstream 
and downstream interventions, policy development, and 
practices for the inspection authorities.

Interpretation of findings

This study elaborates on previous reports of detrimental 
effects of occupational lifting in terms of increased risk 
of sickness absence and early exit from the labor market 
(1, 8, 9, 24). Somewhat similar to our findings, previ-
ous studies among the general working population in 
Denmark found lifting or carrying at work to increase 
the risk of register-based LTSA (8, 24). Specifically, 
Andersen and co-workers found an increased risk of 
LTSA for persons lifting ≥¼ of the workday (8). How-
ever, whereas the latter study reported the effects of lift-
ing duration on LTSA, none of the two studies assessed 
the prospective association between lifting load and 
LTSA. Sundstrup et al (1) found number of ton-years 
(estimated ton lifted per workday for a year) and lifting-
years (estimated lifting loads weighing ≥20 kg >10 times 
per workday for one year) throughout the working life 
to be associated with increased risks of register-based 
LTSA in an exposure–response manner. In the present 
study, lifting heavier loads at work was associated with 
an increased risk of LTSA compared to workers seldom 
lifting (reference) in an exposure–response manner, ie, 
the heavier objects lifted at work, the higher the risk 
of LTSA (table 2). This exposure–response association 
indicates that reducing the weight of the loads lifted 

Table 1. Demographics, lifestyle, and work characteristics. 
[SD=standard deviation; MDI=Major Depression Inventory.]

  N % Mean SD
Age 45 489 46.2 11.0
Sex 45 489

Men 22 501 49.5
Women 22 988 50.5

Questionnaire round 45 489
2012 12 060 26.5
2014 10 127 22.3
2016 11 920 26.2
2018 11 382 25.0

Smoking 44 968
Yes, daily 7470 16.6
Yes, sometimes 2331 5.2
Ex-smoker 12 997 28.9
No, never 22 170 49.3

Body mass index 44 696 25.9 4.5
Leisure-time physical activity (hours/week) 44 971 5.2 3.3
Work environmental factors (0–100)

Job strain 45 442 47.1 16.0
Influence at work 45 405 77.2 19.5

Education 45 142
Unskilled and skilled workers 28 508 65.2
Further education 16 634 36.9

Use of assistive devices 45 328
Never 11 858 26.2
Seldom or sometimes 14 703 32.4
Often or always 18 767 41.4

MDI (0–50) 45 023   8.3 7.5

Table 2. Association between lifting duration or lifting load and risk 
of long-term sickness absence among all workers. [HR=hazard ratio; 
CI=confidence interval.]

N Model 1 a Model 2 b

HR (95% CI) HR (95% CI)

Lifting duration
Seldom (reference) 26 373 1 1
1/4 of the workday 10 809 1.11 (1.01–1.21) c 1.08 (0.98–1.19)
1/2 the workday 4004 1.43 (1.26–1.63) c 1.36 (1.20–1.56) c
3/4 of the workday 4160 1.38 (1.21–1.56) c 1.22 (1.07–1.39) c

Lifting load (kg)
<5 (reference) 18 174 1 1
5–15 18 507 1.13 (1.03–1.23) c 1.11 (1.02–1.22) c
15–29 5309 1.26 (1.10–1.43) c 1.17 (1.03–1.34) c
≥30 3058 1.46 (1.26–1.70) c 1.29 (1.11–1.50) c

a Adjusted for sex, age, year of questionnaire reply, education, and use of as-
sistive devices.

b Model 1 + body mass index, leisure-time physical activity, smoking, job strain, 
influence at work, and depressive symptoms.

c Significant difference.
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could potentially prevent futures sickness absence by 
lowering the risk of LTSA. However, reducing the load 
of the objects could necessitate an increase in the lifting 
frequency in order to maintain the same level of produc-
tion, which may pose another risk factor for LTSA (8, 
25). Thus, an optimal strategy to decrease the risk of 
LTSA could be to increase the use of assistive devices 
while reducing the load of the objects. Nevertheless, 
our findings based on a large sample of representative 
workers indicate that lifting lighter loads would decrease 
the future risk of LTSA. The present study adds to the 
current body of knowledge by providing estimates based 
on a large and representative sample, which allows 
investigating both different levels of lifting duration and 
loads as well as stratifying by age and sex.

The present study shows that lifting for ½ and ¾ 
of the workday increases the risk of LTSA and provide 
higher risks for LTSA than lifting ¼ of the workday. 
However, when not adjusting for lifestyle factors, psy-
chosocial work factors, and depressive symptoms (ie, 

minimally adjusted model), a statistically significant 
association also existed between lifting for ¼ of the 
workday and LTSA. Nevertheless, no clear exposure–
response association between lifting duration and LTSA 
existed (tables 2–4). This is somewhat in agreement with 
a previous study investigating the association between 
duration of lifting or carrying and register-based LTSA 
at 2-year follow-up among the general working popula-
tion in Denmark (8). Here, workers lifting for ≥¼ of the 
workday were at increased risk of LTSA (8). However, 
when additionally adjusted for socioeconomic status 
in the fully adjusted model, lifting ¾ of the workday 
did not hold a higher risk of LTSA than lifting ½ the 
workday (8). This latter model may be compared to 
our study where we only included workers with occu-
pational lifting, ie, most of them may be blue-collar 
workers. Another difference between the studies is that 
our sample size is about fourfold the sample size of the 
referred study, which increases the statistical power 
and reduces the risk of type II errors. In addition, those 
lifting frequently may be a selected group of workers 
(healthy worker effect) (26) who tolerate lifting work, 
while other workers may have shifted to occupations 
with less lifting tasks or left the labor market because 
of poor health. This may result in slightly conservative 
risk estimates in the present study. Though, the multiple 
adjustments for potential self-reporting bias factors at 
baseline in our study reduces the risk of any significant 
effect on our findings on the association between lifting 
duration and LTSA.

Our age-stratified analyses shows that workers ≥50 
years are at increased risk of LTSA when lifting for ½ 
and ¾ of the workday as well as an exposure–response 
association between lifting load (≥5 kg) and LTSA, 
while workers <50 years are at increased risk when lift-
ing for ½ the workday and ≥30 kg. This is in accordance 
with a recent study where workers ≥50 years from the 
general working population in Denmark had higher 
risks of register-based LTSA due to high physical work 
demands compared to their comparably younger coun-
terparts (<50 years) (12). Because the present research 
project aimed to investigate differences in age, we 
provided age-stratified analyses although the interac-
tion analyses did not reach statistical significance. In 
the present study, both age groups had an increased 
risk of LTSA when lifting for ½ the workday, whereas 
the workers ≥50 years were also at increased risk when 
lifting ¾ of the workday. The explanation for the latter 
finding can be due to misclassification bias as discussed 
in the limitations and strengths section below. Musculo-
skeletal pain could be one mechanistic pathway through 
which high exposure to occupational lifting increases 
the risk of musculoskeletal pain (27, 28), which in 
turn could make the physical work even more difficult 
to handle (29, 30). This may result in an imbalance 

Table 3. Association between lifting duration or lifting load and risk 
of LTSA among all workers stratified by age <50 years and ≥50 years. 
[HR=hazard ratio; CI=confidence interval.] 

<50 years a ≥50 years a

N HR (95% CI) N HR (95% CI)

Lifting duration
Seldom (reference) 13 971 1 12 402 1
1/4 of the workday 6067 1.08 (0.94–1.23) 4742 1.10 (0.96–1.25)
1/2 the workday 2413 1.37 (1.14–1.63) b 1591 1.40 (1.15–1.69) b
3/4 of the workday 2715 1.16 (0.98–1.38) 1445 1.37 (1.14–1.66) b

Lifting load (kg)
<5 (reference) 9903 1 8271 1
5–15 10 298 1.09 (0.97–1.23) 8209 1.14 (1.00–1.29) b
16–29 3111 1.13 (0.94–1.35) 2198 1.24 (1.03–1.50) b
≥30 1700 1.30 (1.05–1.61) b 1358 1.29 (1.05–1.59) b

a Analyses are adjusted for sex, age, year of questionnaire reply, education, use 
of assistive devices, BMI, leisure-time physical activity, smoking, job strain, 
influence at work, and depressive symptoms.

b Significant difference.

Table 4. Association between lifting duration or lifting load and risk 
of long-term sickness absence stratified by sex. [HR=hazard ratio; 
CI=confidence interval.] 

Men a Women a

N HR (95% CI) N HR (95% CI)
Lifting duration

Seldom (reference) 12 241 1 14 132 1
1/4 of the workday 5678 1.18 (1.00–1.38) b 5131 1.03 (0.91–1.16)
1/2 the workday 2277 1.44 (1.17–1.76) b 1727 1.34 (1.12–1.60) b
3/4 of the workday 2224 1.30 (1.05–1.62) b 1936 1.17 (0.99–1.39)

Lifting load (kg)
<5 (reference) 6888 1 11 286 1
5–15 9933 1.09 (0.93–1.27) 8574 1.13 (1.01–1.26) b
16–29 3984 1.15 (0.95–1.38) 1325 1.21 (0.99–1.48)
≥30 1476 1.29 (1.00–1.67) b 1582 1.28 (1.05–1.55) b

a Analyses are adjusted for sex, age, year of questionnaire reply, education, use 
of assistive devices, BMI, leisure-time physical activity, smoking, job strain, 
influence at work, and depressive symptoms.

b Significant difference.
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between the worker’s physical capacity and the physical 
demands of the work, which for some would (at a later 
time point) reduce work ability and increase the risk 
of sickness absence in the future (31). Another reason 
for the higher consequences for the older workers can 
be the age-related decrease in physical capacity due to 
decreased activity level and biological factors (32, 33). 
A decrease in physical capacity with aging would result 
in relatively higher physical work demands, eventually 
approaching the physical capacity threshold where the 
physical work demands surpass the physical capacity of 
the worker (34, 35), consequently entailing an increased 
risk of future sickness absence (31).

The sex-stratified analyses (table 4) showed less 
clear associations compared to the age- and non-strati-
fied analyses. This may seem somewhat surprising, as 
men have higher physical capacity than women (36, 
37). However, equivocal findings exist on whether 
physical work environment exposures have a more 
detrimental effect on women than men (9–12). In addi-
tion, our interaction analyses on sex by lifting duration 
and load did not reach statistical significance. Because 
this project aimed to investigate differences in sex, we 
provided sex-stratified results. Although recent stud-
ies do not observe differences between sexes in the 
deterioration of the physical capacity with increasing 
age, men have a higher physical capacity than women 
throughout the lifespan (35, 38, 39), which some refer 
to as a “female disadvantage” (39). This difference in 
the physical capacity between the sexes should be kept 
in mind when organizing physically demanding work 
comprising lifting tasks in order to prevent sickness 
absence. In the present study, a lack of statistical power 
due to lower exposure to lifting among women may be 
one explanation for the lack of significant associations. 
Table 4 visualizes this hypothesis with several border-
line significant estimates. Thus, we should interpret the 
sex-stratified analyses with caution.

Practical applications

Due to the large sample size, this study serves quite 
detailed information about where to target interven-
tions to prevent LTSA. The increased risk of LTSA 
with increased lifting load illustrates that reducing the 
weight of the objects lifted could reduce the risk of 
future LTSA. Besides reducing the lifting load, it is 
important to be aware of the total duration of lifting 
during the working day. In particular, workplaces should 
have older workers (≥50 years) in mind when organiz-
ing their work, because they seem at increased risk of 
LTSA. Furthermore, our findings could serve as a future 
foundation for a potential update in the lifting thresholds 
that the inspection authorities follow. In addition, the 
results may instigate initiatives for giving workplaces 

better opportunities and support to acquire technical 
assistive devices as well as counselling on how to re-
organize the work to secure adequate resting periods, 
and perhaps increase the demands of using assistive 
devices. At a higher political level, an increased focus 
on offering part-time sickness absence could be a prior-
ity, because part-time sickness absence shows promis-
ing results in earlier recovery to full work capacity, for 
example among workers on sickness absence due to 
musculoskeletal disorders (40). An effective strategy for 
reducing total lifting load is to use assistive devices (41, 
42), which potentially could reduce the risk of LTSA – 
particularly among workers ≥50 years. Besides reducing 
lifting load, proper use of assistive devices would reduce 
lifting duration as well. Another initiative could be to 
re-organize the work and secure adequate rest periods 
during the workday, which a recent feasibility study 
found to be potent for reducing pain and fatigue as well 
as increasing self-rated energy level (43). A strategy 
could also be to increase the physical capacity and 
thereby decrease the workers’ relative exposure during 
occupational lifting tasks. Previous studies have shown 
that brief periods of strength training at the workplace 
could increase muscular strength in parallel with reduc-
ing musculoskeletal pain among workers with physi-
cally demanding work (44). Additionally, performing 
micro-exercises (short and simple exercise sessions) at 
the workplaces may potentially reduce future LTSA by 
13% among the general working population (45).

Limitations and strengths

The self-reported exposures might lead to a certain 
degree of misclassification bias, where the workers 
may have difficulties rating the degree of both the 
duration of lifting and the lifting load (46). It may be 
easier for the workers to rate the weight of the typical 
objects they manually handle than it is to estimate the 
time spent lifting during the workday, hence the clearer 
exposure–response association between lifting load and 
LTSA. Second, information from questionnaires on 
physical behaviors is prone to systematic bias by for 
example musculoskeletal disorders, and socioeconomic 
and demographical variables (47, 48). In addition, the 
self-reporting may be prone to recall bias and other 
potential biases (49, 50). These biases may blur the 
associations to some extent. However, the large sample 
and the model-assisted weights contribute to achiev-
ing representative estimates. Additionally, the healthy 
worker effect could lead to confounding bias, which 
could result in slightly conservative risk estimates in the 
present study. Third, DREAM does not contain informa-
tion on the cause of sickness absence, and, therefore, the 
participants’ sickness absence may originate from causes 
not mainly affected by occupational lifting. Fourth, an 
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explanation for the statistical differences in the age-
stratified analyses might be due to statistical power, 
where more workers <50 years are lifting for ½ and ¾ 
of the workday than workers ≥50 years, and the lower 
CI is close to being statistically significant among work-
ers <50 years lifting ¾ of the workday. Fifth, because 
lifting is a dynamic exposure divided into duration, 
frequency, and load, it is a limitation of the study that 
our data only contains information on lifting duration 
and load, and not frequency. Furthermore, the survey 
item of the exposure “lifting duration” also comprises 
carrying. Carrying can include statically lifting while 
walking, while it could also impose a different exposure 
than the more dynamic lifting motion. Sixth, the present 
dataset does not contain information on job seniority, 
which could affect the risk estimates. However, people 
rarely switch from physically demanding jobs to sed-
entary jobs, and vice versa. In the WEHD study, some 
people participated in more than one questionnaire 
round between 2012 and 2018. Using these data and a 
previously published ‘ergonomic index’ (51), we can see 
that individual physical work demands are very stable 
over a two-year period (Spearman correlation coeffi-
cient: 0.83 (P<0.0001), mean difference -0.1 on a scale 
of 0–100, N=32 314). Finally, because the duration of 
follow-up is up to two years maximum, this study might 
not reflect all detrimental effects of both duration and 
intensity of occupational lifting on the risk for LTSA in 
the working life, which may be higher than observed in 
the present study.

The use of model-assisted weights on a random 
sample of the general working population in Denmark 
strengthens the study by making the estimates represen-
tative for workers in Denmark exposed to occupational 
lifting. DREAM is considered to be highly accurate due 
to the economic incentive of the employers to correctly 
report and, hereby, receive adequate sickness absence 
compensation (18). The large sample size of the gen-
eral working population in Denmark with lifting work 
allows for investigating exposure–response associations, 
stratifying by age and sex, and generalizing the results 
to the Danish working population with lifting tasks at 
work. Lastly, we performed post hoc sensitivity analy-
ses to investigate the potential effect of working hours, 
where we (i) adjusted for working hours and (ii) only 
included those working 30–45 hours per week. This did 
not change the overall results, and only lead to second-
decimal changes in the HR.

Concluding remarks

Performing lifting tasks ≥½ the working day increased 
the risk of LTSA during a 2-year register follow-up, 
while higher lifting load increased the risk of LTSA in 
an exposure–response manner. Workers ≥50 years were 

generally at increased risk of LTSA, while the sex-
differences in the sex-stratified analyses were less clear. 
The study underscores the importance of prioritizing 
the physical working environment for preventing LTSA 
at the workplace, eg, by reducing both lifting duration 
and loads.
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