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A B S T R A C T   

Determining predictors of sickness absence could allow for better screening, guidance, and development of 
preventive efforts aimed at those in increased risk. This study aimed to determine the prospective association 
between musculoskeletal pain intensity and risk of incident register-based long-term sickness absence in the 
general working population, as well as to determine the population attributable fraction. 

Drawing on data from a nation-wide questionnaire survey, this prospective cohort study followed a repre
sentative sample of the Danish general working population without recent long-term sickness absence (≥6 
consecutive weeks) (n = 69,273) for long-term sickness absence up to two years (mean follow-up: 93 weeks) in a 
national register. The predictor was musculoskeletal pain intensity in the neck/shoulder and low-back during the 
preceding three months rated on an 11-point numerical rating scale from 0 to 10. 

The weighted incidence of long-term sickness-absence was 8.9% during two-year follow-up (n = 6165). We 
observed a clear dose-response association between musculoskeletal pain intensity of the neck/shoulder or low- 
back and the risk of incident long-term sickness absence, with a lower threshold of increased risk of 4 and 3 (scale 
0–10) for neck/shoulder (HR (95% CI): 1.25 (1.09–1.42)) and low-back pain (HR (95% CI): 1.13 (1.00–1.29)), 
respectively. Prevention of pain intensities at or above 4 out of 10 could potentially prevent 17% (population 
attributable fraction, PAF (95% CI): 16.8 (13.6–20.1)) of the total long-term sickness absence in the general 
working population. Large-scale interventions to prevent and manage musculoskeletal pain need to be docu
mented and implemented.   

1. Introduction 

Sickness absence continues to be a major public health concern 
(Henderson et al., 2005; Virtanen et al., 2018) with serious long-term 
consequences for the individual worker, workplaces and society as a 
whole. Prospective studies have shown strong associations between 
sickness absence and premature exit from the labor market (Kivimaki 
et al., 2004; Lund et al., 2008; Salonen et al., 2018) and mortality 
(Kivimäki et al., 2003; Head et al., 2008). Therefore, sickness absence is 
considered a global measure of health (Kivimäki et al., 2003). In 

Denmark, long-term sickness absence of >30 days accounts for 39% of 
all sickness absence (Thorsen et al., 2020). Thus, although only a small 
minority experiences long-term sickness absence, the disproportionate 
impact hereof on the total sickness absence and the associated costs due 
to sickness payment benefits and productivity losses are enormous 
(Henderson et al., 2005; Thorsen et al., 2020; Bevan, 2015). Long 
sickness absence spells and total length of sickness absence are partic
ularly strong predictors of both premature exit from the labor market 
(Kivimaki et al., 2004; Lund et al., 2008; Salonen et al., 2018) and 
mortality (Kivimäki et al., 2003). Thus, prevention of sickness absence 
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in general, and of long-term sickness absence in particular, should be a 
high priority. 

Knowing prognostic factors for sickness absence that are amenable to 
change could guide preventive efforts at both micro, meso, and macro 
levels. Multiple risk factors for sickness absence have been reported, 
including lifestyle factors such as overweight/obesity, smoking, low 
physical activity during leisure (Virtanen et al., 2018; Troelstra et al., 
2019; López-Bueno et al., 2020), as well as psychosocial and physical 
working conditions (Thorsen et al., 2020; Andersen et al., 2022a; 
Andersen et al., 2018). Moreover, studies from a variety of countries and 
job groups have reported increased risks of sickness absence among 
workers with musculoskeletal disorders, i.e. osteoarthritis of the hip or 
knee and low-back pain (Morken et al., 2003; Andersen et al., 2011; 
Andersen et al., 2012a; Andersen et al., 2012b; Saastamoinen et al., 
2009; Lallukka et al., 2014; Hubertsson et al., 2013; Lallukka et al., 
2020; Bergström et al., 2007; Sundstrup and Andersen, 2017). Muscu
loskeletal disorders are hence not just highly prevalent globally (Safiri 
et al., 2020), but also a dominant reason for sickness absence from work 
(Virtanen et al., 2018). However, previous studies linking musculo
skeletal disorders with sickness absence are limited by small or selected 
populations, e.g. selected age groups (Lallukka et al., 2014; Lallukka 
et al., 2020) or job groups (Morken et al., 2003; Andersen et al., 2012a; 
Bergström et al., 2007), relying solely on self-reported sickness absence 
data (Morken et al., 2003), limited accounting for potential confounding 
factors (Hubertsson et al., 2013), or do not stratify by age, gender, and 
educational level. This limits the possibility of targeting effective pre
ventive strategies at the population level. In addition, the intensity of 
pain caused by musculoskeletal disorders varies substantially between 
individuals and fluctuates over time, and is touted a strong prognostic 
factor for poor outcomes, e.g. impaired ability to work, as well as sick
ness absence and disability pension (Andersen et al., 2012a; Sundstrup 
and Andersen, 2017; Holtermann et al., 2010; Bláfoss et al., 2021). Still, 
the existing literature lacks large and well-designed prospective cohort 
studies linked to high-quality national registers assessing the importance 
of musculoskeletal pain intensity for the risk of long-term sickness 
absence in the general working population. 

Determining critical thresholds of musculoskeletal pain intensities 
associated with increased risks of sickness absence could allow for better 
screening and guidance of preventive efforts aimed at those in increased 
risk of sickness absence. It seems practically relevant for both primary 
care and occupational health and safety practitioners to distinguish 
subpopulations of patients/workers to prevent the consequences of 
musculoskeletal pain caused by musculoskeletal disorders. Furthermore, 
nationally representative estimates of the association between muscu
loskeletal pain intensity and long-term sickness absence could help 
guide evidence-based policy development and preventive efforts at 
higher levels. 

In this prospective cohort study, we determined the association be
tween musculoskeletal pain intensity and register-based long-term 
sickness absence on >69,000 wage earners. To estimate potentials for 
preventive strategies across population groups, we calculated popula
tion attributable fractions from moderate to high pain intensities strat
ified by age, gender and educational attainment. 

2. Methods 

2.1. Study design and population 

This prospective cohort study with register follow-up is based on 
‘Work Environment and Health in Denmark’ (WEHD) (Andersen et al., 
2018), a nationwide and comprehensive questionnaire survey con
ducted every second year from 2012 until 2018 that has been described 
extensively previously (Andersen et al., 2022a; Andersen et al., 2021). In 
brief, he present study utilized all four waves of the survey and linked it 
to the Danish Register for Evaluation of Marginalisation (DREAM) using 
an anonymous code representing the unique personal identification 

number (CPR) given to all Danish citizens. In each round of WEHD, 
Statistics Denmark invited probability samples of Danish residents aged 
18–64 years employed for ≥35 h per month with a monthly income 
≥3000 DKK (~ €400) in the past three months. Between 2012 and 2018, 
invitations were sent to 228,173 individuals of which 127,882 (56%) 
replied. In this study, we included currently employed wage earners 
(confirmed on the questionnaire, n = 110,357 responses) free of long- 
term sickness absence during the 52 weeks preceding baseline (Roelen 
et al., 2011), first occasion responses for individuals participating in 
several WEHD waves (n = 73,298 unique individuals), and those 
replying to the questions about musculoskeletal pain intensity (n =
69,273 unique individuals). When constructing the weight variable used 
to make the estimates representative of the general working in Denmark, 
124 had non-positive weights and could not be included in the analyses 
using the weight variable. As not all participants filled in all survey 
questions, the exact number of participants for each analysis varies 
accordingly. This study follows the STROBE reporting guidelines for 
cohort studies (von Elm et al., 2008). In accordance with Danish law, 
questionnaire- and register data can be used for scientific purposes 
without collecting informed consent or approval by ethical and scientific 
committees. Statistics Denmark depersonalized and stored all data on 
their servers, and researchers performed analyses through remote 
access. 

2.2. Musculoskeletal pain intensity (predictor) 

Respondents rated musculoskeletal pain intensity on the validated 
11-point numerical rating scale from 0 to 10 (Dworkin et al., 2005): “On 
a scale from 0 to 10, where 0 is no pain and 10 is worst possible pain, rate 
the worst pain you have had in your neck/shoulder during the last three 
months”. The same question was posed for low-back pain. For the main 
analyses, we defined an additional variable, ‘maximal pain intensity’, as 
the highest pain intensity reported by the worker in either the low-back 
or neck/shoulder, which we used to calculate the population attribut
able fractions of pain for long-term sickness absence. 

2.3. Long-term sickness absence (outcome) 

Survey responses were linked to the DREAM register using the CPR 
number. In Denmark, the first 30 days of sickness absence from work are 
financially covered by the employer, whereupon the municipality can 
reimburse additional days. DREAM contains information about reim
bursement of sickness absence payments and is based on the munici
palities’ actual payments (Andersen et al., 2022a; Andersen et al., 2021). 
The DREAM register is highly valid as the employer has a strong eco
nomic incentive to receive the reimbursement (Stapelfeldt et al., 2012). 
Long-term sickness absence was defined as having registered a period of 
≥6 consecutive weeks of sickness absence in DREAM for a period of up 
to 2 years, starting the week after replying to the survey (Andersen et al., 
2022a; Andersen et al., 2021). For the last WEHD wave (2018), the 
follow-up period was limited to about 1.5 years (until the end of 2019) in 
order to end before the COVID-19 pandemic started. 

2.4. Control variables 

Our models were adjusted for the following variables previously 
associated with sickness absence (Virtanen et al., 2018; López-Bueno 
et al., 2020; Andersen et al., 2022a; Sundstrup and Andersen, 2017; 
Andersen et al., 2021): age, gender, year of survey reply, educational 
attainment, occupation, psychosocial work factors, smoking habits, 
body mass index (BMI), leisure-time physical activity, and depressive 
symptoms. Age (continuous variable) and gender (categorical: man, 
woman) were drawn from the Central Person Register of Denmark. Year 
of survey reply was entered as a categorical variable (2012, 2014, 2016, 
2018). Educational attainment and occupation were drawn from a na
tional register and included as categorical variables, e.g. shorter 
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education (unskilled and skilled work) and longer education (further 
education), and occupation was based on the Danish version of the In
ternational Standard Classification of Occupations (DISCO, 1st digit). 
The psychosocial work factors was adapted from the Copenhagen Psy
chosocial Questionnaire (Pejtersen et al., 2010), and included influence 
at work (two items) and job strain (scale of 0–100, 100 = best), and 
entered as continuous variables. Smoking status was entered as a cate
gorical variable (‘Yes, daily’, ‘Yes, once in a while’, ‘Ex-smoker’, ‘No, 
never’), whereas BMI (kg/m2), leisure-time physical activity (total 
weekly hours of leisure physical activity), and depressive symptoms 
(Major Depression Inventory, scale 0–50) were included as continuous 
variables. As some of these variables may be potential mediators and 
could lead to over-adjustment, we present both minimally and fully 
adjusted models. 

2.5. Statistical analyses 

We used the Proc SurveyPhreg procedure (SAS version 9.4., SAS 
institute) with model-assisted weights based on information from high- 
quality national registers on age, gender, occupational industry, highest 
completed education, family income and type, and origin. The Proc 
SurveyPhreg procedure is a Cox proportional hazard model with weights 
that accounts for the survey design and ensures representative estimates 
for the general working population without recent long-term sickness 
absence. Musculoskeletal pain intensity was the predictor variable, and 
long-term sickness absence during follow-up was the outcome variable 
(time to first event). Visual inspection of the proportional hazards 
assumption showed no indications of violation. We censored in case of 
reaching the end of the follow-up period, early retirement, disability 
pension, statutory retirement, emigration, or death. We did not impute 
missing data as applying the weight variable solves both non-response 
and deviations of the probability sample from the general working 
population. Model 1 was adjusted for age, gender, and year of survey 
reply, and model 2 was additionally adjusted for educational level, 
DISCO group, psychosocial work factors, BMI, smoking, leisure-time 
physical activity, and mental health (MDI). In the fully adjusted ana
lyses of pain in each individual region, we adjusted for pain intensity in 
the other region, i.e. neck/shoulder pain adjusted for low-back pain and 
vice versa. Results are reported as HR with 95% confidence intervals 
(CI). 

Based on the lower threshold maximal pain intensity of increased 
risk of long-term sickness absence, the population attributable fraction 
(PAF) attributable to moderate to high (≥4 out of 10) vs. no or low (<4 
out of 10) maximal pain was calculated from HRs and proportions 
exposed (Pe) in the fully adjusted model: PAF = ΣPe(HRe − 1)/(Σ Pe 
(HRe − 1) + 1) × 100%. This was done for the whole sample and in 
subgroups of age, gender and education. 

3. Results 

Table 1 shows descriptive baseline characteristics of the included 
participants. The sample (n = 69,273) was on average 46 years, and 53% 
were women. Average (worst) pain intensity during the past three 
months was 2.6 and 2.3 in the neck/shoulder and low-back, respec
tively. During up to two years of follow-up (mean: 93 weeks), the 
weighted incidence of long-term sickness-absence was 8.9% (n = 6165). 

Table 2 shows the minimally and fully adjusted association between 
neck/shoulder and low-back pain intensity and long-term sickness 
absence. After both minimal and full adjustment, the higher the pain 
intensity, the higher the risk of long-term sickness absence (trend-test: p 
< 0.001). In the fully adjusted model, the risk of long-term sickness 
absence was significantly increased by at least 13–14% at and above 
pain intensities of 4 and 3 out of 10 in the neck/shoulders and low-back, 
respectively. Weighted data showed that 34% of the population had 
neck/shoulder pain intensity at or above 4, whereas 39% reported low- 
back pain intensity at or above 3. 

Table 3 shows the minimally and fully adjusted association between 
maximal pain intensity in the neck/shoulders or low-back and risk of 
long-term sickness absence. After full adjustment, a positive dose- 
response association existed between maximal pain intensity and long- 
term sickness absence (trend-test: p < 0.001), with a significantly 
increased risk of at least 25% at and above a maximal pain intensity of 4 
out of 10 compared to not having pain (pain intensity of 0). Weighted 
data showed that 46% of the population had a maximal pain intensity in 
the neck/shoulder or low-back at or above 4 out of 10. Fig. 1 shows the 
weighted incidence of long-term sickness absence stratified by maximal 
pain intensity in the neck/shoulders or low-back. The figure shows a 
clear trend, where the higher the maximal pain intensity, the higher the 
incident long-term sickness absence. 

Table 4 shows the association and population attributable fractions 
between maximal pain intensity and long-term sickness absence strati
fied by age, gender, and educational attainment. Across all participants, 
having moderate to high pain intensity of above 4 out of 10 was asso
ciated with a 44% increased risk (HR (95% CI): 1.44 (1.35–1.55)) of 
long-term sickness absence compared to having low or no pain (maximal 
pain intensity below 4 out of 10). No significant differences in HR or PAF 
existed between strata. 

4. Discussion 

The main finding of this study is the clear dose-response relation 
between musculoskeletal pain intensity of the neck/shoulder or low- 
back and the risk of long-term sickness absence. Population attribut
able fraction analyses indicate that one sixth of the long-term sickness 
absence were attributable to moderate to high levels of musculoskeletal 
pain (≥4 on a scale from 0 to 10). These findings were comparable across 
age groups, gender, and workers with shorter and longer educations, 
emphasizing the large potential of pain prevention programs across the 
general working population. 

Table 1 
Descriptive baseline characteristics of the study sample of Danish wage earners.  

Variable n % Mean SD 

WEHD wave     
2012 19,843 28.6   
2014 15,082 21.8   
2016 17,979 26.0   
2018 16,369 23.6   

Age (years) 69,273  46.0 10.8 
Gender 69,273    

Men 32,850 47.4   
Women 36,423 52.6   

Educational attainment 68,830    
Shorter education 37,677 54.7   
Longer education 31,153 45.3   

Smoking 68,763    
Yes, daily 9990 14.5   
Yes, once in a while 3560 5.2   
Ex-smoker 19,918 29.0   
No, never 35,295 51.3   

BMI 68,342  25.7 4.4 
Musculoskeletal pain during the preceding 

three months (0− 10)     
Neck/shoulder pain 68,961  2.6 2.8 
Low-back pain 68,956  2.3 2.9 

Psychosocial work factors (0− 100)     
Job strain 69,178  46.3 16.3 
Influence at work 69,116  78.8 19.0 

Major depression inventory (0–50) 68,861  8.0 7.3 
Leisure-time physical activity (hours/week) 68,762  5.2 3.3 

WEHD: Work Environment and Health in Denmark, n: number, SD: standard 
deviation, BMI: body mass index. 
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4.1. Previous findings 

This large prospective cohort study with register-based follow-up 
elaborates on previous studies showing increased risk of sickness 
absence among workers with musculoskeletal disorders (Morken et al., 
2003; Andersen et al., 2011; Andersen et al., 2012a; Andersen et al., 
2012b; Saastamoinen et al., 2009; Lallukka et al., 2014; Hubertsson 
et al., 2013; Lallukka et al., 2020; Bergström et al., 2007; Sundstrup and 
Andersen, 2017). Adding to previous reports showing increased risk of 
impaired work functioning (Mine et al., 2020; Skovlund et al., 2020) and 
disability pension (Bláfoss et al., 2021) at higher pain intensities, our 
study aligns with previous studies (Andersen et al., 2012a; Sundstrup 
and Andersen, 2017; Holtermann et al., 2010), confirming pain intensity 
in the neck/shoulders or low-back as an important prognostic factor for 
future long-term sickness absence; the higher the pain intensity, the 
higher the risk of long-term sickness absence. The risk of long-term 
sickness absence was significantly increased at and above threshold 
pain intensities in the neck/shoulder and low-back of 4 and 3, respec
tively, whereas a maximal pain intensity at or above a threshold of 4 out 
of 10 was associated with a significantly increased risk of long-term 
sickness absence. In comparison, Holtermann and colleagues investi
gated prognostic factors for register-based long-term sickness absence 

(≥3 weeks) among a representative sample of workers with average 
neck/shoulder or low-back pain intensities above 4 out of 9 during the 
past three months. After full adjustment, every one-point increase in 
neck/shoulder pain intensity increased the risk of long-term sickness 
absence by 11%, whereas there was no significant effect of increasing 
low-back pain intensity above the threshold of 4 (Holtermann et al., 
2010), likely due to inadequate statistical power. Sundstrup and co- 
workers reported a dose-response association between average low- 
back pain intensity during the last three months and risk for register- 
based long-term sickness absence (≥6 weeks) among workers with 
both light and hard physical work, with increased risk of long-term 
sickness absence noted above pain intensity levels of 3–4 out of 9 
(Sundstrup and Andersen, 2017). In the fully adjusted model (model 4), 
increased risks of 30 and 60% was reported among workers with pain 
intensities 3–4 out of 9 and light and hard physical work, respectively, 
compared to workers with no or low pain (0–2 out of 9) and light work. 
Furthermore, Andersen and coworkers reported increasing risk of 
register-based long-term sickness absence (≥8 weeks) with increasing 
pain intensities in neck/shoulder, low-back, and knees among female 

Table 2 
Association between neck/shoulder and low-back pain intensity and long-term sickness absence among Danish wage earners.   

Neck/shoulder pain Low-back pain    

Model 1 Model 2   Model 1 Model 2 

Pain intensity n % HR (95% CI) HR (95% CI) n % HR (95% CI) HR (95% CI) 
0 31,016 45.6 1 1 36,153 52.4 1 1 
1 1993 3.0 1.11 (0.91–1.36) 1.01 (0.81–1.25) 2028 3.1 0.99 (0.79–1.23) 0.96 (0.77–1.20) 
2 4497 6.8 1.01 (0.87–1.17) 0.96 (0.82–1.11) 3723 5.6 1.17 (1.01–1.36) 1.08 (0.92–1.26) 
3 7043 10.1 1.25 (1.12–1.40) 1.09 (0.97–1.23) 5574 8.0 1.26 (1.12–1.42) 1.13 (1.00–1.29) 
4 5301 7.6 1.41 (1.26–1.58) 1.14 (1.01–1.29) 4501 6.5 1.52 (1.34–1.73) 1.26 (1.09–1.44) 
5 5674 8.0 1.62 (1.45–1.82) 1.30 (1.15–1.46) 4811 6.9 1.47 (1.30–1.66) 1.21 (1.07–1.37) 
6 4366 6.2 1.63 (1.45–1.84) 1.26 (1.11–1.44) 3624 5.3 1.68 (1.49–1.90) 1.32 (1.16–1.50) 
7 4273 6.0 1.93 (1.72–2.17) 1.43 (1.26–1.62) 3630 5.2 2.15 (1.91–2.41) 1.63 (1.44–1.85) 
8 3159 4.5 2.41 (2.13–2.72) 1.75 (1.54–2.00) 2952 4.3 2.17 (1.92–2.46) 1.61 (1.41–1.84) 
9 973 1.4 2.42 (1.98–2.95) 1.60 (1.28–2.00) 1209 1.8 2.47 (2.08–2.94) 1.69 (1.40–2.03) 
10 544 0.8 3.19 (2.55–4.00) 1.96 (1.54–2.50) 629 0.9 3.31 (2.65–4.14) 2.20 (1.70–2.84) 

n: number, %: weighted percentage of the population, HR: hazard ratio, 95% CI: 95% Confidence Interval. 
Statistically significant associations marked with bold. 
Model 1: Adjusted for age, gender, and year of survey reply. 
Model 2: Additionally adjusted for educational level, occupational group (DISCO), psychosocial work factors (job strain and influence at work), lifestyle (BMI, 
smoking, leisure-time physical activity), mental health, and pain intensity in the other body region. 

Table 3 
Association between maximal pain intensity in the neck/shoulders or low-back 
and risk of long-term sickness absence among Danish wage earners.     

Model 1 Model 2 

Pain intensity n % HR (95% CI) HR (95% CI) 
0 24,013 35.3 1 1 
1 1503 2.3 0.94 (0.71–1.25) 0.91 (0.68–1.23) 
2 4360 6.4 1.02 (0.86–1.19) 0.99 (0.84–1.17) 
3 7288 10.3 1.21 (1.07–1.37) 1.12 (0.98–1.27) 
4 5904 8.4 1.48 (1.31–1.68) 1.25 (1.09–1.42) 
5 6576 9.3 1.51 (1.34–1.70) 1.27 (1.12–1.43) 
6 5404 7.8 1.61 (1.43–1.81) 1.30 (1.15–1.47) 
7 6030 8.5 2.11 (1.90–2.35) 1.62 (1.44–1.82) 
8 5061 7.3 2.39 (2.14–2.67) 1.79 (1.59–2.02) 
9 1955 2.8 2.72 (2.35–3.15) 1.85 (1.58–2.17) 
10 1055 1.5 3.63 (3.04–4.34) 2.41 (1.97–2.95) 

n: number, %: weighted percentage of the population, HR: hazard ratio, 95% CI: 
95% Confidence Interval. 
Statistically significant associations marked with bold. 
Model 1: Adjusted for age, gender, and year of survey reply. 
Model 2: Additionally adjusted for educational level, occupational group 
(DISCO), psychosocial work factors (job strain and influence at work), lifestyle 
(BMI, smoking, leisure-time physical activity), and mental health. 

Fig. 1. Weighted incidence of long-term sickness absence by maximal pain 
intensity (neck/shoulder or low-back) among Danish wage earners. 
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healthcare workers (Andersen et al., 2012a). However, after full 
adjustment for age, BMI, smoking, leisure-time physical activity, 
seniority, and physical and psychosocial work conditions, a significantly 
increased risk was noted at threshold pain intensities in both the neck/ 
shoulder and low-back associated at 7 out of 9 (Andersen et al., 2012a), 
which is considerably higher than in our study and the study by Hol
termann. Authors argued that adjusting for work conditions could 
represent an over-adjustment if the musculoskeletal pain mediates the 
relation between work conditions and long-term sickness absence, and 
suggested the less adjusted model (adjusted for age, BMI, smoking, and 
leisure-time physical activity) as more relevant. Here, the threshold pain 
intensities in the neck/shoulder and low-back associated with an 
increased risk of long-term sickness absence were 4 and 5 out of 9, 
respectively (Andersen et al., 2012a), which is more in agreement with 
our and Holtermann and Sundstrup’s findings (Sundstrup and Andersen, 
2017; Holtermann et al., 2010). Notably, Andersen and co-workers re
ported 44 and 47% increased risk of long-term sickness absence at the 
threshold pain intensities of 5 and 4 out of 9 in the low-back and neck/ 
shoulders (Andersen et al., 2012a), which is a considerably higher risk 
than the 13–14% increased risk at the threshold pain intensities in the 
low-back and neck/shoulder observed in our study. These data collec
tively indicate that even moderate pain levels may increase the risk of 
long-term sickness absence, and that threshold pain intensities associ
ated with increased risk of long-term sickness absence may be job- 
specific. 

As long-term sickness absence has major negative consequences at 
both personal, workplace, and societal level in terms of for instance 
disability pension (Kivimaki et al., 2004; Lund et al., 2008; Salonen 
et al., 2018) and mortality (Kivimäki et al., 2003; Head et al., 2008), an 
important take-home from this study is the comparable HRs and PAFs 
across strata. These data indicate a comparable risk of long-term sick
ness absence attributable to pain-inducing musculoskeletal disorders 
and a universal preventive potential of preventing or reducing muscu
loskeletal pain across the general working population. Neck/shoulder, 
low-back pain, and other musculoskeletal disorders are extremely 
prevalent globally (Safiri et al., 2020). Our weighted data indicated that 
about 34% and 39% of the population experienced neck/shoulder and 
low-back pain intensity levels at or above the threshold pain intensities 
of 3 and 4 out of 10 associated with increased risk of long-term sickness 

absence, highlighting the large magnitude of the preventive potential. 
The lack of statistically significant differences in PAF between 

educational strata were somewhat unexpected. Although the HR of 
shorter and longer educated workers were not significantly different, the 
PAF appeared marginally larger for shorter educated workers, which 
could be due to the markedly higher prevalence of moderate to high pain 
intensity among this group compared to longer educated workers (51% 
vs. 38%, respectively). It is well-established that typically shorter 
educated workers in manual jobs are at increased risk of musculoskeletal 
disorders (da Costa and Vieira, 2010) and sickness absence (Andersen 
et al., 2018), and therefore these findings could be particularly impor
tant. Notably, workers with musculoskeletal disorders and physically 
demanding manual jobs are also at increased risk of sickness absence 
(Bláfoss et al., 2021; Roelen et al., 2011; Sundstrup et al., 2017) and 
disability pension (Hubertsson et al., 2017) compared to workers with 
musculoskeletal disorders having more sedentary jobs, indicating 
particularly high consequences of musculoskeletal disorders among 
manual workers. This and the higher threshold-specific risk estimates 
reported by Andersen can likely partially be explained by the high 
physical work demands and the fact that the body is the primary work 
tool in these jobs. 

4.2. Practical implications 

It is almost inevitable to experience musculoskeletal pain now and 
then. However, these critical thresholds of musculoskeletal pain in
tensities associated with increased risks of long-term sickness absence 
could allow for better screening and guidance of preventive efforts 
aimed at those in increased risk of sickness absence. This could be 
especially relevant in primary health care and for occupational health 
and safety practitioners, allowing distinguishing subpopulations of pa
tients/workers to prevent the consequences of musculoskeletal pain. 
These findings call for action and implementation of large-scale effective 
preventive programs aimed at primary prevention and management of 
musculoskeletal pain. The reported dose-response relation could suggest 
that even smaller reductions in pain intensity could be worthwhile 
pursuing. 

The workplace has proven a promising arena for health promotion, 
and these and previous findings suggest a preventive potential of reor
ganizing the work, proper use of technical assistive devices, and ac
commodating work demands among workers with musculoskeletal 
disorders in order to create a better match between work capacity and 
demands (Holtermann et al., 2010; Skovlund et al., 2020; Hubertsson 
et al., 2017). Alternatively, regularly performing micro-exercises at the 
workplace during working hours has shown an effective and simple 
means to increase physical capacity and reduce musculoskeletal pain 
(Sundstrup et al., 2020) and even risk of long-term sickness absence 
(Andersen et al., 2022b) among both sedentary and manual workers. In 
principle, all workers irrespective of physical fitness, educational 
attainment, income level, and work demands can perform these short, 
simple, and non-sweaty exercises at the workplaces. However, both offer 
and use hereof is still limited at the population level, emphasizing an 
unexploited potential, especially among shorter educated workers 
(Andersen et al., 2022b), who is at increased risk of musculoskeletal 
disorders and sickness absence. Importantly, each individual workplace 
will likely benefit most from multi-faceted approaches tailored to their 
needs and resources. 

4.3. Strengths and limitations 

Our study has several strengths. First, drawing random samples and 
applying model-assisted weights based on information from high- 
quality registers make the estimates representative of wage earners 
from the general working population without recent long-term sickness 
absence in Denmark. Second, the outcome, long-term sickness absence, 
was derived from a highly valid national register, ensuring no loss to 

Table 4 
HRs and population attributable fractions from moderate to high pain intensity 
(≥4/10) vs no to low (<4/10) maximal pain intensity among Danish wage 
earners, stratified for age, gender and educational level.   

Maximal pain intensity ≥ / 
< 4/10 (%) 

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

All 46 / 54 1.44 
(1.35–1.55) 

16.8 
(13.6–20.1) 

≥ 50 years 48 / 52 1.38 
(1.25–1.52) 

15.3 
(10.7–19.9) 

< 50 years 44 / 56 1.47 
(1.34–1.62) 

17.3 
(13.0–21.6) 

Men 41 / 59 1.52 
(1.35–1.72) 

17.6 
(12.6–22.6) 

Women 51 / 49 1.38 
(1.27–1.51) 

16.3 
(12.0–20.6) 

Shorter 
education 

51 / 49 1.42 
(1.30–1.56) 

17.8 
(13.2–22.4) 

Longer 
education 

38 / 62 1.45 
(1.30–1.61) 

14.5 
(10.2–18.9) 

%: weighted percentage of the population with pain intensity at and above and 
below 4 out of 10 within subgroup, HR: hazard ratio, 95% CI: 95% Confidence 
Interval. 
Statistically significant associations marked with bold. 
Fully adjusted for age, gender, year of survey reply, educational level, occupa
tional group (DISCO), psychosocial work factors (job strain and influence at 
work), lifestyle (BMI, smoking, leisure-time physical activity), and mental 
health. 
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follow-up (Stapelfeldt et al., 2012). Third, we adjusted our analyses for 
multiple covariates previously associated with sickness absence and 
excluded workers with recent prior sickness absence (Roelen et al., 
2011). Our study also comprises methodological limitations. First, 
although musculoskeletal pain intensity is per se a subjective experience 
suitably obtained through self-reported data, our predictor variable may 
suffer from recall bias and other biases typical for self-reported data 
(Podsakoff et al., 2003). Unfortunately, the DREAM register does not 
contain reason or specific disease underlying the long-term sickness 
absence, and the latter is thus an unspecific proxy for poor health. 
Although we controlled for multiple possible covariates, unmeasured or 
residual confounding may still have influenced our results by e.g. 
weakening the associations, i.e. other types of chronic disease 
(Sundstrup et al., 2017). Our outcome variable, incidence of long-term 
sickness absence, was categorical (yes/no), and not sickness absence 
duration as a continuous variable, and our results thus cannot be 
generalized to sickness absence of shorter duration (<6 weeks) that are 
highly prevalent (Thorsen et al., 2020). However, musculoskeletal dis
orders have previously shown stronger associations to long(er)-term 
sickness absence compared to shorter-term sickness absence (Saasta
moinen et al., 2009; Lallukka et al., 2020) more commonly associated 
with for instance seasonal infectious disease. 

5. Conclusion 

We observed a dose-response relation between musculoskeletal pain 
intensity of the neck/shoulder or low-back and the risk of register-based 
long-term sickness absence. Population attributable fraction analyses 
indicated that about one sixth of the long-term sickness absence could 
potentially be prevented, if musculoskeletal pain was alleviated or 
reduced among those with moderate to high pain levels. The associa
tions were comparable across age groups, gender, and educational 
attainment levels, emphasizing the universal potential of preventing or 
reducing musculoskeletal pain in terms of long-term sickness absence 
across the entire general working population. 
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predictor of disability retirement in different occupational classes: a register-based 
study of a working-age cohort in Finland in 2007-2014. BMJ Open 8 (5), e020491. 
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