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Abstract
Purpose To assess the risk of disability and early-age retirement associated with previous long-term sickness absence for 
back pain (back-pain SA), exposure to high physical workload, low job control, high demands and high strain, and to evaluate 
effect modification by work factors on the relationship between back-pain SA and premature retirement.
Methods All employed Swedish residents born 1946–1955 (n = 835,956) were followed up from 2010 to 2016 for disability 
(DP) and early-age pension (EAP). Associations of premature retirement with exposure to work factors and back-pain SA in 
the 3 years before follow-up were estimated through proportional hazards models. Retirement, back-pain SA and covariates 
were assessed through administrative sources, and exposure to work factors through a job-exposure matrix.
Results In both genders, back-pain SA was associated with DP (> 1 episode: HR 3.23 among men; HR 3.12 among women) 
and EAP (> 1 episode: HR 1.24 among men; HR 1.18 among women). Higher physical workload and lower job control were 
also associated with an increased DP risk in both genders, whereas higher job demands showed a decreased risk. For EAP, 
associations with work factors were weak and inconsistent across genders. No effect modification by work factors was found, 
except for a negative effect modification by job strain on DP risk among women, i.e. a reduced effect of back-pain SA with 
increasing exposure.
Conclusion Back-pain SA was a significant predictor of both DP and EAP, while work factors were consistently associated 
only with DP. Our results indicate that the joint effect of back-pain SA and work factors on DP is additive and does not sup-
port effect modification by work factors.

Keywords Premature retirement · Sickness absence · Back pain · Physical workload · Psychosocial hazards · Work

Introduction

Labor market participation among older Swedish workers 
has increased in the last decades (Laun and Palme 2019). 
That said, almost one-quarter of employed 55–64-year-olds 
left paid work in 2019 (OECD 2019). Early exit from the 
labour market is more common among women than men 
(OECD 2019) and blue-collar than white-collar workers 
(Kadefors et al. 2019).

In most European countries, early retirement and dis-
ability retirement are the most common ways of exiting the 
workforce prematurely (Reeuwijk et al. 2017). In Sweden, 
disability pension (DP) may be granted to all residents 
30–64 years old, if their work ability is reduced by at least 
25% due to illness or injury, and it covers up to 65% of 
an individual’s income loss (Forsakringskassan.se 2020). 
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Early-age pension (EAP) can be taken by any person from 
61 years of age. In Sweden, the criteria for granting DPs 
were tightened in 2006, which led to a decrease in the 
number of approved DP applications (by approximately 
70% from 2006 to 2011) and an increase in EAP (almost 
three times more frequent from 2004 to 2011 among men 
and women 55–64 years old) (Kadefors et al. 2019).

Several societal, individual and work-related factors 
have been associated with early exit from the labour 
market, including more generous pension legislations, 
lower income, lower socioeconomic position (SEP), hav-
ing a retired partner, worse health and higher exposure to 
physical and psychosocial hazards (Hasselhorn and Apt 
2015). In particular, being affected by chronic diseases 
or functional limitations are important reasons for exiting 
paid employment (van den Berg et al. 2010; Schuring et al. 
2013; Laires et al. 2018).

Musculoskeletal disorders (MSDs) are the most common 
chronic health conditions among ageing people and MSD 
incidence increases sharply among those above 50–55 years 
old (Bot et al. 2005; Thomas et al. 2014; Palmer and Good-
son, 2015). The back and upper limbs are the most com-
monly affected anatomical sites (Punnett and Wegman 
2004). The reported prevalence of chronic or disabling back 
pain in the older European population (10–15%) is around 
10–15% (Gourmelen et al. 2007; Gouveia et al. 2016; Par-
sons et al. 2007). According to 2019 data from the Global 
Burden of Disease Study, back pain is the leading cause 
for years lived with disability worldwide in both men and 
women (https:// www. thela ncet. com/ lancet/ visua lisat ions/ 
gbd- compa re. Accessed on June 27, 2021). The main risk 
factors for back pain are exposure to biomechanical loads at 
work, with an estimated population attributable proportion 
of approximately 25% (Driscoll et al. 2014), obesity, physi-
cal inactivity, smoking, female gender, depressive symp-
toms, and genetic factors (Maher et al. 2017; Knezevic et al. 
2021). The most common disorders causing back pain are 
intervertebral disc degeneration, with or without radicular 
pain from nerve root compression, followed by less common 
pathologies, such as spinal stenosis, facet arthropathy, and 
spondyloarthropathies (Knezevic et al. 2021). However, no 
underlying cause is found in the great majority of cases, 
and large inconsistencies have been reported between radio-
graphic alterations and presence or severity of symptoms 
(Khan et al. 2017).

A meta-analysis on health as a determinant of early exit 
from work found that MSDs more than doubled the risk of 
DP and increased EAP by 20%, though the latter was not 
significant (van Rijn et al. 2014). Specifically, back pain has 
been consistently associated with an increased risk of exit 
through DP (Krause et al. 1997; Borg et al. 2004; Jensen 
et al. 2012; Dorner et al. 2015; Rahman et al. 2019). How-
ever, back pain was not associated with EAP in the few 

available studies (Jensen et al. 2012; Lallukka et al. 2018; 
Rice et al. 2011).

Work-related hazards have also been associated with early 
exit from the labour market. Heavy physical workload has 
been associated with DP (Krause et al. 1997; Krokstad et al. 
2002; Friis et al. 2008; Lahelma et al. 2012; Kjellberg et al. 
2016; Falkstedt et al. 2021) and EAP (Lund et al. 2001; 
Lund and Villadsen 2005; Friis et al. 2007; Sundstrup et al. 
2018). A review of 39 studies found moderate evidence of 
an association between low job control or job strain and DP, 
but limited evidence for other psychosocial factors (e.g., job 
demands, effort–reward imbalance, low social support, and 
repetitive work) (Knardahl et al. 2017). Non-disability retire-
ment has also been associated with low job control or its 
sub-dimensions (Lund and Villadsen 2005; Friis et al. 2007; 
Robroek et al. 2013; Thorsen et al. 2016). Furthermore, a 
recent review showed associations between low job control 
or low social support and EAP (Browne et al. 2018).

To our knowledge, no studies have investigated the modi-
fying effect of exposure to physical or psychosocial hazards 
on the relationship between back pain and DP or EAP. At 
least for several known work-related ergonomic exposures 
at work which are known risk factors for the development 
of back pain (e.g. bending and twisting the body, heavy lift-
ing and awkward postures (da Costa and Vieira 2010), we 
expect, for analogy, that back pain would be aggravated by 
a continuation of exposure to these factors. Such an increase 
in symptoms severity would lead to a decreased work ability 
and greater difficulties in performing physical work duties, 
in a vicious circle, which, in turn, would increase the like-
lihood of disability and early retirement. This theoretical 
model appears supported by the results of different stud-
ies showing interactive effects of exposure to high physical 
workload and back or musculoskeletal pain on reduced work 
ability or sickness absence (Sundstrup and Andersen 2017; 
Nygaard et al. 2020).

However, the model proposed may also be valid for psy-
chosocial factors. A German study reported a positive inter-
action between back pain and stress perception on declining 
work ability (Oberlinner et al. 2015). Also, in a sample of 
Chinese workers with back symptoms in the previous year, 
an increased risk of SA due to back pain was found among 
workers exposed to high job demand and high effort (Yu 
et al. 2015).

The aim of this study is two-fold. First, to estimate the 
separate associations of sickness absence for back pain 
(back-pain SA), heavy physical workload or psychosocial 
work factors with an exit from paid employment through 
premature retirement (DP or EAP). Second, to evaluate 
effect modification of exposure to physical workload and 
psychosocial factors at work on the relationship between 
back-pain SA and premature retirement. Based on previous 
research, we hypothesize that: (1) both back-pain SA and 

https://www.thelancet.com/lancet/visualisations/gbd-compare
https://www.thelancet.com/lancet/visualisations/gbd-compare
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exposure to heavy physical workload and psychosocial fac-
tors will increase the risk of DP and EAP, and: (2) expo-
sure to high physical workload and to low job control, high 
demand and high strain will interact synergistically with 
back-pain SA to increase the risk DP and EAP above their 
additive effect.

Materials and methods

Data collection

Study population

This study used data from the Swedish Work, Illness and 
Labour Market Participation (SWIP) cohort (Falkstedt 
et al. 2021). The SWIP cohort consists of linked national 
registers and includes all persons aged 16–64 registered 
in Sweden in 2005, i.e. around 5.4 million subjects. The 
sample included all subjects alive at the end of 2009 and 
employed during 2007–2009; the inclusion criterion of con-
tinuous employment was limited to 3 years before follow-up 
to reduce the potential health-related selection of workers 
out of employment. Analysis exploring DP (main cohort) 
included subjects born during 1946–1955 (53–64 years in 
2010, the start of follow-up). The analysis exploring early 
retirement (EAP) (sub-cohort) included subjects born during 
1947–1950 (59–62 years at the start of follow-up). The latter 
restriction was made to capture workers eligible for EAP 
during the follow-up, i.e. from age 61. The main cohort and 
the sub-cohort were followed from the beginning of 2010 to 
the end of 2016. After excluding subjects with DP or EAP 
before the start of follow-up and those with missing informa-
tion on occupation (main cohort: n = 343,857; sub-cohort: 
n = 156,958), the main cohort included 835,956 subjects and 
the sub-cohort 328,941 subjects (Fig. 1). Person-time was 
counted from the start of 2010 until the outcome of interest, 
death, migration from Sweden, turning 65 years old, or the 
end of follow-up (end of 2016), whichever came first.

Registers and variables

Data for this study were sourced from two registers. The 
Longitudinal Integration Database for Health Insurance and 
Labour Market Studies (LISA) register contains informa-
tion from 1990 onwards for all subjects 16–64 years old on 
age, sex, education, family conditions, occupation, income, 
and pensions. Occupations are classified at the four-digit 
level according to the Swedish classification of occupations 
(SSYK96), based on the ISCO-88. The Social Insurance 
Micro Data for Analysis of the Social Insurance System 
(MIDAS) register contains information on welfare benefits, 
such as sick leave and DP.

Exposures

Back pain Data on sickness absence associated with back 
pain (back-pain SA) were taken from the MIDAS-register, 
which provides information on episodes of SA longer than 
14 days. In Sweden, SA benefits are paid by the employer 
from the second to the 14th day of SA, and, afterwards, 
by the Social Insurance Agency, with a medical certificate 
required to attest the disease after the first seven days.

The presence of back pain was defined as any episode 
of long-term SA in the 3 years before the start of follow-up 
(2007–2009) for “Thoracic, thoracolumbar, and lumbosa-
cral intervertebral disc disorders” (ICD-10 code: M51) or 
“Dorsalgia” (ICD-10 code: M54). Sickness episodes for the 
disease codes M51 and M54 were selected, as these disease 
groups include the disorders that are main causes of back 
pain: intervertebral disc degeneration (Risbud and Shapiro 
2014), with or without nerve root compression (Van Boxem 
et al. 2010), and non-specific low back pain (Maher et al. 
2017). The detail of the available codes of disease was only 
at 2 digits, so it was not possible to distinguish between 
thoracic, thoracolumbar, and lumbosacral sites, although the 
lumbar region is by far the site most frequently affected by 
pain (Singh et al. 2012).

Heavy physical workload Exposure to heavy physical work-
load was estimated through a Swedish job-exposure matrix 
(JEM). The JEM was constructed on data from the Swedish 
Work Environment Surveys 1997–2013, and its develop-
ment has been described previously (Badarin et al. 2021). 
The JEM provides information on gender-specific mean 
scores on the proportion of work time exposed to eight 
work-related physical hazards for 355 occupations.

This study investigates five work-related physical hazards 
that potentially increase the risk of back pain—heavy lifting 
(≥ 15 kg), forward bent position, twisted trunk posture, fre-
quent bending or twisting of the trunk, and physically stren-
uous work. A strong correlation was found between these 
physical hazards (e.g., Spearman rho = 0.71 for the correla-
tion between frequent bending and twisting of the trunk and 
heavy lifting to rho = 0.94 for the correlation between heavy 
lifting and overall physically strenuous work), precluding the 
possibility to meaningfully assess the independent associa-
tion of each factor with premature retirement. Therefore, a 
composite index of physical workload was created by com-
bining the average mean scores of the different items (Cron-
bach alpha: men = 0.97, women = 0.96).

Work‑related psychosocial hazards Exposure to three work-
related psychosocial hazards was assigned to the study pop-
ulation using a Swedish psychosocial JEM. The JEM was 
created on the same data source as the physical JEM. Its con-
struction and the details of the individual psychosocial haz-
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ards have been described previously (Almroth et al. 2021). 
The psychosocial factors explored in this study include job 
demands, job control and job strain, the latter computed as 
demand scores divided by control scores, a method used in 
previous studies (Choi et al. 2008; d’Errico et al. 2011).

A mean score for each aforementioned physical and psy-
chosocial exposure was assigned to all participants of this 
study based on occupations (4-digit SSYK96 job codes) held 
during the 3 years (2007–2009) before the start of follow-
up. Estimated exposure scores for each year were averaged 
across the 3 years to construct mean levels of exposure to 
each physical and psychosocial hazard.

Outcomes

Premature retirements through DP and EAP were investi-
gated separately. Information on type and timing of each out-
come was drawn from the MIDAS and the LISA registers, 
respectively. In this study, DP was defined as a first episode 
(full or partial) of DP due to any health-related condition. 
Subjects who took an EAP were identified as those who 
began receiving an age-related pension from the age of 61 
(before turning 65) and earned an income from work smaller 
than one Price Basic Amount (PBA) for the following year. 
The yearly PBA ranged from 4,194 Euros to 4,382 Euros 

Fig. 1  Flow chart on selection of subjects in the cohort and the sub-cohort
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during the follow-up period, information found at Statistics 
Sweden’s website (scb.se 2021).

Covariates

Information on age, gender, marital status, and edu-
cation was obtained from the LISA register during the 
first baseline year (2007) as well as previous unemploy-
ment during 2005–2009. Age was categorized into three 
groups by birth year for the main cohort (1946–1948, 
1949–1951, and 1952–1955) and two groups for the sub-
cohort (1947–1948, and 1949–1950). Four groups indi-
cated marital status (married, unmarried, divorced, and 
widowed). Educational attainment was grouped according 
to years of education (≤ 9, 10–11, 12, 13–14, and ≥ 15). 
Previous unemployment was categorized into three groups 
(no unemployment days, unemployment ≤ 365  days, 
unemployment > 365 days).

Data analysis

The separate associations of premature retirement (DP and 
EAP) with back pain and work-related hazards were esti-
mated through Cox proportional hazards models.

The number of back-pain SA episodes (lasting longer 
than 14 days) during 2007–2009 was categorized into 
three groups (i. none, ii. one episode, iii. ≥ two episodes). 
To investigate associations between exposure to work-
related hazards (composite physical workload index, job 
demands, job control and job strain) and the outcomes, the 
mean JEM scores were divided into tertiles (low, medium 
and high).

All analyses were stratified by gender. Our first model 
(Model 1) only adjusted for age, while in the second step 
(Model 2), marital status, previous unemployment, and 
highest achieved education were added. Because work fac-
tors were quite strongly correlated with each other and edu-
cational level, no mutual adjustment for work factors was 
made to avoid distortions of the hazard ratios due to mul-
ticollinearity. In fact, according to Vatcheva et al. (2016), 
the inclusion of several independent variables strongly 
correlated with each other in a single model would lead to 
substantial multicollinearity, which would not be identified 
through standard methods (e.g., Variance Inflation Factor). 
Of note, among men, the correlation between educational 
level and heavy physical workload was as high as Spear-
man’s rho = − 0.53. Socio-economic position, or its proxy 
indicator educational attainment, has been acknowledged as 
an independent predictor of premature retirement (Schur-
ing et al. 2013; Venti and Wise 2015), which precluded 
the possibility of excluding education from the adjustment 
variables.

Trends in risk of DP and EAP across increasing cate-
gories of back-pain SA and exposure to work factors were 
also examined through Wald tests. All associations showed 
significant linear trends except for the job strain variable 
according to disability pension among men.

The potential modifying effect of exposure to physi-
cal workload and psychosocial factors on the association 
between back pain and the two outcomes was assessed by 
cross-tabulating HRs of DP and EAP by categories of back-
pain SA (0, 1, 2 + episodes) and work factors (tertiles) from 
fully adjusted multivariate Cox models, testing the interac-
tion between each workplace factor and back-pain SA by 
means of a Wald test for each interaction term.

In a sensitivity analysis, we also examined associations 
of back-pain SA with DP and EAP, as well as effect modi-
fication by work factors, using categories of back-pain SA 
in days of absence (no back-pain SA, ≤ 90 days, > 90 days), 
to assess whether days of back-pain SA were better predic-
tors of premature retirement than number of back-pain SA 
episodes.

Because there was statistical evidence of non-propor-
tional hazards, we stratified the analysis by 2 years incre-
ments of follow-up time. While there was some variation in 
the estimates, there was no clear pattern of divergence from 
the main analysis over the 2 years increments. Hazard ratios 
are thus interpreted as the weighted average ratio over the 
follow-up period.

Results

Descriptive

During follow-up, 11,172 men (2.6%) and 14,166 women 
(3.5%) were granted DP (main cohort) (Table 1, left side). In 
both genders, the highest prevalence of DP was found among 
subjects with lower education or previous unemployment. 
Subjects who received DP showed a prevalence of back-pain 
SA three times higher than those who did not.

In the sub-cohort, 29,972 men (17.8%) and 29,651 
women (18.4%) received an EAP during follow-up (Table 1, 
right side). As for DPs, both men and women who accessed 
EAP were less educated, compared to those who remained 
at work, whereas the prevalence of back-pain SA was similar 
in the two groups.

Back pain, work factors, and risk of disability 
pension

In both genders, the analyses adjusted only for age showed 
strong and significantly increased risks of DP associated 
with back-pain SA, higher physical workload, lower job 
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control, and lower job demands (Table 2, Model 1). Among 
women, a slightly increased risk of DP was associated with 
job strain, whereas among men medium job strain showed 
a reduced risk.

In the analyses adjusted for the other covariates (Table 2, 
Model 2), the associations found in Model 1 remained sta-
tistically significant in both genders, except for job strain, 
with greater risk attenuations among men.

Table 1  Distribution of baseline covariates according to disability pension and early old age pension for men and women

DP disability pension, M51 other intervertebral disc disorders, M54 dorsalgia

Main cohort Sub-cohort

Men Women Men Women

DP
N (%)

No DP
N (%)

DP
N (%)

No DP
N (%)

Pension
N (%)

No pension
N (%)

Pension
N (%)

No pension
N (%)

Birth year
 1946–1948 1238 (11) 111,034 (27) 1301 (9) 103,760 (26) 11,731 (39) 67,190 (48) 11,944 (40) 62,333 (48)
 1949–1951 3604 (32) 129,888 (31) 4375 (31) 124,431 (31) 18,241 (61) 71,491 (52) 17,707 (60) 68,778(52)
 1952–1955 6330 (57) 173,951 (42) 8490 (60) 167,554 (42) – – – –

Education
  > 15 1160 (10) 78,906 (19) 2313 (16) 88,685 (22) 4023 (13) 28,670 (21) 4781 (16) 30,923 (24)
 13–15 1203 (11) 57,237 (14) 2217 (16) 67,064 (17) 3846 (13) 17,678 (13) 4322 (15) 21,038 (16)
 12 1506 (14) 64,032 (15) 1444 (10) 42,108 (11) 5535 (18) 23,456 (17) 3072 (10) 12,711 (10)
 10–11 4042 (36) 119,050 (29) 5655 (40) 140,521 (36) 8640 (29) 35,785 (26) 11,634 (39) 46,028 (35)
 ≤ 9 3235 (29) 94,986 (23) 2513 (18) 57,049 (14) 7902 (26) 32,848 (24) 5831 (20) 20,291 (15)

Civil status
 Married 5839 (52) 260,339 (63) 7687 (54) 244,869 (62) 19,276 (64) 90,828 (65) 21,695 (73) 79,721 (61)
 Unmarried 2867 (26) 81,042 (20) 2381 (17) 58,994 (15) 5347 (18) 22,988 (17) 3020 (10) 17,231 (13)
 Divorced 2314 (21) 68,565 (17) 3,634 (26) 78,140 (20) 4861 (16) 22,864 (16) 4230 (14) 28,032 (21)
 Widowed 152 (1) 4927 (1) 464 (3) 13,742 (3) 488 (2) 2,001 (1) 706 (2) 6127 (5)

Unemployment days
 None 7842 (70) 350,845 (85) 10,724 (76) 344,451 (87) 23,300 (78) 119,763 (86) 24,299 (82) 115,992 (89)
 ≤ 365 2160 (19) 42,558 (10) 2411 (17) 36,025 (9) 4089 (14) 12,358 (9) 3491 (12) 10,430 (8)
  > 365 1162 (10) 21,098 (5) 1027 (7) 15,020 (4) 2556 (9) 6447 (5) 1841 (6) 4609 (4)

Sickness episodes
 None 10,198 (91) 402,662 (97) 13,019 (92) 382,966 (97) 28,879 (96) 134,536 (97) 28,466 (96) 126,905 (97)

(M51 & M54)
 1 772 (7) 10,210 (2) 890 (6) 10,729 (3) 890 (3) 3474 (3) 1002 (3) 3553 (3)
 ≥ 2 202 (2) 2001 (0) 257 (2) 2050 (1) 203 (1) 671 (0) 183 (1) 653 (1)

Physical workload
 Low 2203 (20) 144,491 (35) 3378 (24) 140,854 (36) 9907 (33) 50,109 (36) 9475 (32) 49,407 (38)
 Med 3854 (35) 138,258 (33) 4804 (34) 137,275 (35) 10,478 (35) 45,270 (33) 10,566 (36) 44,163 (34)
 High 5115 (46) 132,124 (32) 5984 (42) 117,616 (30) 9587 (32) 43,302 (31) 9610 (32) 37,541 (29)

Job strain
 Low 3947 (35) 136,269 (33) 4322 (31) 132,086 (33) 9675 (32) 45,895 (33) 10,191 (34) 44,806 (34)
 Medium 3304 (30) 140,003 (34) 4842 (34) 130,504 (33) 10,846 (36) 46,689 (34) 10,024 (34) 42,975 (33)
 High 3921 (35) 138,601 (33) 5002 (35) 133,155 (34) 9451 (32) 46,097 (33) 9436 (32) 43,330 (33)

Control
 Low 4627 (41) 135,463 (33) 5523 (39) 130,599 (33) 9091 (30) 44,964 (32) 9997 (34) 42,533 (32)
 Medium 4169 (37) 137,329 (33) 5294 (37) 129,605 (33) 10,370 (35) 45,433 (33) 10,090 (34) 42,332 (32)
 High 2376 (21) 142,081 (34) 3349 (24) 135,541 (34) 10,511 (35) 48,284 (35) 9564 (32) 46,246 (35)

Demands
 Low 5120 (46) 132,058 (32) 5591 (39) 120,278 (30) 9973 (33) 43,318 (31) 10,665 (36) 40,091 (31)
 Medium 3243 (29) 140,541 (34) 4737 (33) 135,137 (34) 9833 (33) 47,160 (34) 10,172 (34) 44,121 (34)
 High 2809 (25) 142,274 (34) 3838 (27) 140,330 (35) 10166 (34) 48,203 (35) 8814 (30) 46,899 (36)
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Effect modification by work factors of the association 
between back‑pain SA and DP risk

Cross-tabulation of HRs by categories of back-pain SA 
and exposure to work factors showed in general additive 
effects of work exposures and back-pain SA on the risk of 
DP (Table 3). No significant effect modification by work fac-
tors was found among men, while among women, a reduced 
effect of back-pain SA with increasing exposure to job strain 
was observed (p = 0.001).

Back pain, work factors, and risk of Early Age 
Pension

In the age-adjusted analysis, EAP was associated with back-
pain SA and physical workload, although the hazard ratios 
were much lower than those observed for DP (Table 4, 
Model 1).

Exposure to high job demands was inversely associated 
with EAP. Exposure to medium job control increased the 
risk of EAP in both genders, but associations between low 
job control and EAP went in opposite directions for men 
and women. High job strain was associated with a slightly 
decreased risk in both genders, while medium job strain with 
an increased risk in men (HR 1.09).

In multivariate models (Table 4, Model 2), the associa-
tions between back-pain SA and EAP persisted, although 
attenuated in strength, with a significant dose–response in 
both genders. Regarding work factors, among women the 
associations with physical workload, job control and job 
demands also were attenuated, but remained statistically 
significant and in the same direction as in Model 1, whereas 
among men the associations with high physical workload, 
job demands and medium job control changed direction.

Effect modification by work factors of the association 
between back‑pain SA and EAP risk

In general, associations between back-pain SA and EAP 
were similar in strength across increasing levels of expo-
sure to work factors. Only a marginally significant negative 
interaction was observed between back-pain SA and physi-
cal workload (p = 0.07) among men, i.e. a reduced effect of 
back-pain SA with increasing levels of physical workload, 
whereas no effect modification was found among women 
(Table 5).

Sensitivity analysis

Using categories based on the number of days of back-pain 
SA, in the highest category, the risk of DP increased, while 
in the intermediate category the risk decreased, compared 
with the results of the main analysis (Table S1). For EAP, 

Table 2  Hazard ratios and 95% confidence intervals for disability 
pension according to back pain sickness episodes (back-pain SA) and 
physical and psychosocial workplace factors

Back-pain SA n. episodes of sickness absence for back pain
Model 1 is adjusted for age
Model 2 is adjusted for age, civil status, previous unemployment, and 
highest achieved education

N cases (%) Model 1 Model 2

Men
Back-pain SA
 None 10,198 (2) 1 1
 1 772 (7) 2.89 (2.69–3.11) 2.47 (2.30–2.66)
 ≥ 2 202 (9) 3.80 (3.31–4.37) 3.23 (2.81–3.71)

Physical workload
 Low 2203 (2) 1 1
 Med 3854 (3) 1.79 (1.70–1.89) 1.44 (1.36–1.52)
 High 5115 (4) 2.46 (2.34–2.59) 1.75 (1.65–1.85)

Job strain
 Low 3947 (3) 1 1
 Med 3304 (2) 0.82 (0.79–0.86) 0.89 (0.85–0.93)
 High 3921 (3) 0.97 (0.93–1.02) 1.02 (0.97–1.06)

Job control
 Low 4627 (3) 1.99 (1.89–2.09) 1.58 (1.50–1.66)
 Med 4169 (3) 1.79 (1.67–1.88) 1.43 (1.36–1.51)
 High 2376 (2) 1 1

Job demands
 Low 5120 (4) 1 1
 Med 3243 (2) 0.60 (0.58–0.63) 0.75 (0.72–0.78)
 High 2806 (2) 0.52 (0.50–0.54) 0.70 (0.67–0.74)

Women
Back-pain SA

  None 13,019 (3) 1 1
   1 890 (8) 2.38 (2.23–2.55) 2.21(2.06–2.36)
   ≥ 2 257 (11) 3.42 (3.03–3.87) 3.12 (2.76–3.53)

Physical workload
  Low 3378 (2) 1 1
  Med 4804 (3) 1.42 (1.36–1.48) 1.34 (1.28–1.40)
  High 5984 (5) 2.05 (1.97–2.14) 1.75 (1.67–1.84)

Job strain
 Low 4322 (3) 1 1
 Med 4842 (4) 1.11 (1.07–1.16) 1.12 (1.08–1.17)
 High 5002 (4) 1.11 (1.07–1.16) 1.26 (1.21–1.32)

Job control
 Low 5523 (4) 1.67 (1.60–1.74) 1.58 (1.51–1.65)
 Med 5294 (4) 1.61 (1.54–1.68) 1.49 (1.42–1.56)
 High 3349 (2) 1 1

Job demands
 Low 5591 (4) 1 1
 Med 4737 (3) 0.73 (0.71–0.76) 0.81 (0.78–0.85)
 High 3838 (3) 0.57 (0.55–0.60) 0.74 (0.70–0.78)
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in contrast, using days of back-pain SA instead of the num-
ber of spells changed the associations very little in women, 
while in men, the HR for the highest back-pain SA category 
decreased, becoming insignificant (Table S2).

No significant effect modification by work factors was 
found for DP, except for job strain among women, as in the 
main analysis (Table S3). For EAP, the marginally significant 
negative interaction observed between the number of back-
pain SA spells and physical workload became significant using 
categories of back-pain SA days (p = 0.035) (Table S4).

Discussion

Main findings

In this study, back-pain SA was found to be a significant 
predictor of both DP and EAP among men and women. 
Dose–response relationships were found between back-
pain SA and both outcomes, although stronger associations 
were found for DP.

Higher physical workload and lower job control were also 
positively associated with DP among both genders, whereas 
higher job demands were associated with a decreased risk. 

Table 3  Hazard ratios and 
95% confidence intervals for 
disability pension according 
to combinations of back pain 
sickness episodes (back-
pain SA) and physical and 
psychosocial workplace factors

Back-pain SA n. episodes of sickness absence for back pain
Models adjusted for age, civil status, previous unemployment, and education
p value corresponds to Wald test for interaction term

Back-pain SA None 1 ≥2 p value

Men
Physical workload
 Low 1 2.24 (1.72–2.91) 5.04 (3.17–8.01) 0.1042
 Med 1.40 (1.32–1.49) 3.62 (3.17–4.14) 4.23 (3.28–5.47)
 High 1.68 (1.59–1.79) 3.81 (3.43–4.24) 4.85 (4.03–5.83)

Job strain
 Low 1 2.31 (2.04–2.61) 2.93 (2.33–3.69) 0.3218
 Med 0.93 (0.88–0.98) 2.10 (1.82–2.43) 3.43 (2.65–4.43)
 High 1.01 (0.97–1.06) 2.51 (2.22–2.83) 2.76 (2.17–3.50)

Job control
 Low 1.55 (1.47–1.64) 3.55 (3.18–3.96) 4.51 (3.69–5.52) 0.1167
 Med 1.42 (1.35–1.50) 3.38 (2.98–3.82) 4.32 (3.42–5.43)
 High 1 2.88 (2.36–3.51) 4.33 (2.96–6.33)

Job demands
 Low 1 2.22 (2.01–2.45) 3.03 (2.53–3.63) 0.1452
 Med 0.75 (0.72–0.79) 1.94 (1.68–2.23) 2.46 (1.87–3.22)
 High 0.71 (0.68–0.75) 2.00 (1.69–2.37) 2.29 (1.58–3.31)

Women
Physical workload
 Low 1 2.47 (2.06–2.96) 2.27 (1.43–3.60) 0.1888
 Med 1.32 (1.26–1.39) 2.78 (2.44–3.16) 4.12 (3.27–5.20)
 High 1.70 (1.62–1.78) 3.36 (3.05–3.69) 4.85 (4.14–5.68)

Job strain
Low 1 2.52 (2.23–2.85) 3.14 (2.47–4.00) 0.0011
 Med 1.04 (0.99–1.08) 2.07 (1.84–2.32) 2.84 (2.30–3.51)
 High 1.04 (0.99–1.09) 1.92 (1.71–2.16) 2.95 (2.41–3.59)

Job control
 Low 1.55 (1.48–1.62) 2.98 (2.69–3.31) 4.53 (3.82–5.38) 0.1049
 Med 1.47 (1.40–1.54) 3.22 (2.89–3.60) 4.19 (3.40–5.16)
 High 1 2.50 (2.10–2.97) 3.25 (2.27–4.66)

Job demands
 Low 1 2.11 (1.90–2.33) 2.84 (2.37–3.40) 0.4345
 Med 0.81 (0.78–0.84) 1.90 (1.70–2.12) 2.66 (2.17–3.26)
 High 0.75 (0.71–0.79) 1.55 (1.31–1.84) 2.47 (1.81–3.36)
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Small and inconsistent associations were found for job strain. 
This could be explained by the opposite effects found for low 
control and high demands on DP risk, which canceled each 
other out in the job strain index.

Regarding EAP, in multivariate models, higher physi-
cal workload was associated with an increased risk among 
women only. Job control and job demands showed weak 
and inconsistent associations with EAP among both men 
and women.

In contrast with our hypothesis, exposure to physical 
and psychosocial factors was not found to act synergisti-
cally with back-pain SA to increase the risk of DP or EAP. 
For DP, only a negative effect modification by job strain 
was observed among women. For EAP, in spite of the mod-
est associations with work factors, a marginally significant 
negative effect modification by physical workload was found 
among men, which was significant in the sensitivity analysis 
based on days of back-pain SA.

Interpretation of the results

Based on our results, preventive efforts to reduce DP among 
older workers should concentrate on reducing exposure to 
high physical workload and low job control.

Exposure to both factors typically stems from the type 
of work organization and technology characterizing each 
job; therefore, physical and psychosocial hazards cluster in 
occupations (McDonald et al. 2001; Kausto et al. 2011). It 
was therefore not unexpected that, in this study, these fac-
tors were strongly correlated, as explained in the methods.

The inverse association between psychological demands 
and DP risk may be attributable to the fact that many jobs 
exposed to high quantitative demands are also character-
ized by higher variety, creativity and workers’ engage-
ment. These job characteristics could decrease the risk of 
premature exit through DP. Another possible explanation is 
residual confounding by socioeconomic position. Workers in 
higher occupational classes are generally exposed to higher 
job demands and have a lower tendency to apply for DP. 
Adjustment for educational level may not have eliminated 
confounding by occupational class.

The higher risk of DP for the category of > 90 days of 
back-pain SA found in the sensitivity analysis, compared 
to that observed for the category of ≥ 2 episodes back-pain 
SA, would indicate that length of back-pain SA is a better 
predictor of DP than number of episodes.

The cross-tabulation of results for DP by categories of 
back-pain SA and work factors indicates that the joint effect 
of work exposures and back-pain SA is mostly additive. 
However, the negative interaction with job strain among 
women and the decrease in the risk gradient by increasing 
exposure to physical workload and low job control among 
men with more back-pain SA episodes (even though these 

Table 4  Hazard ratios and 95% confidence intervals for early old age 
pension without income (1 PBA) according to back pain sickness epi-
sodes (back-pain SA) and physical and psychosocial workplace fac-
tors

PBA price basic amount, Back-pain SA n. episodes of sickness 
absence for back pain
Model 1 is adjusted for age
Model 2 is adjusted for age, civil status, previous unemployment, and 
highest achieved education

N cases (%) Model 1 Model 2

Men
Back-pain SA
None 28,879 (18) 1 1
1 890 (20) 1.16 (1.08–1.24) 1.07 (1.00–1.14)
≥2 203 (23) 1.36 (1.19–1.56) 1.24 (1.08–1.42)
Physical workload
Low 9907 (17) 1 1
Med 10,478 (19) 1.15 (1.12–1.18) 0.94 (0.91–0.96)
High 9587 (18) 1.10 (1.07–1.13) 0.82 (0.80–0.85)
Job strain
Low 9675 (17) 1 1
Med 10,846 (19) 1.09 (1.06–1.12) 1.13 (1.10–1.17)
High 9451 (17) 0.98 (0.95–1.00) 1.02 (0.99–1.05)
Job control
Low 9091 (17) 0.94 (0.91–0.96) 0.83 (0.81–0.86)
Med 10,370 (19) 1.04 (1.01–1.07) 0.91 (0.89–0.94)
High 10,511 (18) 1 1
Job demands
Low 9973 (19) 1 1
Med 9833 (17) 0.92 (0.89–0.94) 1.05 (1.02–1.08)
High 10,166 (17) 0.93 (0.90–0.96) 1.14 (1.11–1.17)
Women
Back-pain SA
 None 28,466 (18) 1 1
 1 1002 (22) 1.22 (1.15–1.30) 1.16 (1.09–1.24)
 ≥2 183 (22) 1.23 (1.06–1.42) 1.18 (1.02–1.36)

Physical workload
 Low 9475 (16) 1 1
 Med 10,566 (19) 1.22 (1.18–1.25) 1.11 (1.07–1.14)
 High 9610 (20) 1.29 (1.25–1.33) 1.07 (1.03–1.10)

Job strain
 Low 10,191 (19) 1 1
 Med 10,024 (19) 1.02 (0.99–1.05) 1.03 (1.01–1.06)
 High 9436 (18) 0.95 (0.93–0.98) 1.07 (1.04–1.10)

Job control
 Low 9997 (19) 1.11 (1.08–1.15) 1.09 (1.06–1.12)
 Med 10,090 (19) 1.13 (1.10–1.16) 1.07 (1.04–1.10)
 High 9564 (17) 1 1

Job demands
 Low 10,665 (21) 1 1
 Med 10,172 (19) 0.87 (0.85–0.90) 0.94 (0.91–0.96)
 High 8814 (16) 0.73 (0.71–0.75) 0.96 (0.93–1.00)
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interactions did not reach statistical significance) suggest 
the presence of a small negative effect modification exerted 
by exposure to these factors, especially among men. A pos-
sible explanation is that some workers with a greater num-
ber of episodes or days of back-pain SA, who likely suffer 
from more disabling back pain, changed to jobs with lower 
physical workload or higher job control. It seems likely that 
when back pain becomes more severe, it tends to disable 
workers irrespective of their working conditions. There-
fore, interventions aimed at reducing exposure of subjects 
affected by persistent back pain should be implemented in 
the early phase of the disorder before it becomes chronic 

and disabling. Back pain derives mainly from the develop-
ment of an inflammatory process affecting the intervertebral 
discs or other joints of the spine (Risbud and Shapiro 2014). 
Biomechanical load of the anatomic structures affected by 
inflammation is expected to sustain this inflammatory pro-
cess, increasing the likelihood of development of chronic 
pain and functional disability (Nieminen et al. 2021).

The low and inconsistent associations between work fac-
tors and EAP would indicate that they play a minor role in 
this type of exit. For EAP, other personal and family fac-
tors seem more important determinants of the retirement 
decision, such as financial situation, partner’s employment 

Table 5  Hazard ratios and 
95% confidence intervals for 
early old age pension without 
income (1 PBA) according 
to combinations of back pain 
sickness episodes (back-
pain SA) and physical and 
psychosocial workplace factors

PBA price basic amount, Back-pain SA n. episodes of sickness absence for back pain
Models adjusted for age, civil status, previous unemployment, and education
p value corresponds to Wald test for interaction term

Back-pain SA None 1 ≥2 p value

Men
Physical workload
 Low 1 1.14 (0.97–1.35) 1.99 (1.41–2.82) 0.0713
 Med 0.93 (0.91–0.96) 1.05 (0.94–1.18) 1.03 (0.80–1.32)
 High 0.82 (0.79–0.85) 0.87 (0.79–0.96) 1.03 (0.86–1.25)

Job strain
 Low 1 1.05 (0.94–1.17) 1.15 (0.90–1.46) 0.7712
 Med 1.13 (1.10–1.17) 1.20 (1.06–1.35) 1.52 (1.20–1.94)
 High 1.02 (0.99–1.05) 1.15 (1.02–1.295) 1.28 (1.01–1.62)

Job control
 Low 0.83 (0.80–0.85) 0.96 (0.87–1.07) 1.05 (0.85–1.29) 0.2589
 Med 0.91 (0.89–0.94) 0.91 (0.81–1.01) 1.22 (0.98–1.50)
 High 1 1.13 (0.98–1.31) 1.11 (0.76–1.62)

Job demands
 Low 1 1.12 (1.02–1.23) 1.13 (0.92–1.39) 0.4139
 Med 1.05 (1.02–1.08) 1.11 (0.98–1.26) 1.55 (1.23–1.96)
 High 1.14 (1.11–1.18) 1.19 (1.02–1.38) 1.43 (1.03–1.98)

Women
Physical workload
 Low 1 1.23 (1.06–1.43) 1.08 (0.71–1.63) 0.4441
 Med 1.09 (1.06–1.13) 1.15 (1.03–1.30) 1.33 (1.03–1.72)
 High 1.04 (1.00–1.08) 1.23 (1.13–1.35) 1.21 (1.00–1.47)

Job strain
 Low 1 1.17 (1.04–1.33) 1.01 (0.75–1.36) 0.7188
 Med 1.03 (1.00–1.06) 1.19 (1.07–1.33) 1.35 (1.07–1.70)
 High 1.06 (1.03–1.10) 1.21 (1.09–1.34) 1.23 (0.97–1.57)

Job control
 Low 1.08 (1.05–1.12) 1.25 (1.14–1.37) 1.36 (1.11–1.66) 0.8023
 Med 1.06 (1.03–1.10) 1.19 (1.07–1.32) 1.17 (0.92–1.50)
 High 1 1.19 (1.03–1.38) 1.02 (0.68–1.52)

Job demands
 Low 1 1.19 (1.08–1.31) 1.16 (0.94–1.43) 0.9669
 Med 0.94 (0.91–0.97) 1.08 (0.97–1.19) 1.13 (0.88–1.44)
 High 0.97 (0.93–1.00) 1.08 (0.94–1.25) 1.12 (0.78–1.62)
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status, need of caring for children or sick family members 
(Hasselhorn and Apt 2015). The change among men in the 
direction of the slight associations of EAP with heavy physi-
cal workload, high psychological demand and medium job 
control in multivariate analysis appears a result of uncer-
tain significance, although it may be due to multicollinearity 
between work factors and educational level in the regres-
sion model, considering the strong correlation observed with 
physical workload.

Regarding effect modification by work factors, the sig-
nificant negative interaction observed between back-pain 
SA days and physical workload among men in the sensi-
tivity analysis would also suggest a decreased influence of 
exposure to heavy physical demand for EAP when back pain 
becomes more severe.

Comparison with other studies

Generally, our results are consistent with the few existing 
studies exploring associations between back pain and all-
cause DP, which show increased risks for DP according to 
the presence of back pain or back-pain SA (Krause et al. 
1997; Borg et al. 2004; Jensen et al. 2012; Dorner et al. 
2015; Rahman et al. 2019). These studies report varying 
strengths of associations, possibly attributable to differences 
in the populations investigated (e.g., age) and methods used, 
particularly how back pain was ascertained and adjustment 
for different confounders. It appears that stronger associa-
tions with DP risk were found when using back-pain SA 
as an indicator of back disorders rather than self-reported 
back pain or other methods (administrative records, clinical 
assessment). It is important to note that long-term sick leaves 
are granted by the social insurance agency based on reduced 
work ability, and that long periods of sickness absence 
almost always predate a DP, as decisions on DP are often 
based on long problematic sick leave periods. Therefore, 
workers with long-term back-pain SA are stronger candi-
dates for DP than those with back pain only. The higher risks 
found in the two studies based on back-pain SA (Borg et al. 
2004; Dorner et al. 2015), compared to our results, could 
be explained by their exploration of a younger population; 
the reference category in these studies (those without back-
pain SA) was likely characterized by a lower incidence of 
DP than in our study. Furthermore, the study by Borg et al. 
(2004) used a longer duration of back pain-SA (> 90 days) 
than in our study. Defining back-pain SA as > 90 days might 
have contributed to Borg et al.’s higher risk estimates. Inter-
estingly, Borg et al.’s findings were roughly comparable to 
the risk of DP for back-pain SA > 90 days estimated in our 
sensitivity analysis.

Only a few studies on the relationship between back 
pain and EAP have been found, none of which identify an 
increased probability of EAP, in contrast to this study. A 

Danish study on nurses’ aides found a decreased risk of EAP, 
with significantly protective hazard ratios for all categories 
of pain duration (Jensen et al. 2012), while no association 
was found in two British studies (Rice et al. 2011; Lallukka 
et al. 2018). Given that in these studies back pain was self-
reported, the discrepancy with our results may stem, as for 
DP, from differences in back pain ascertainment.

Our results on the relationship between exposure to work 
factors and DP support findings from previous research that 
generally show an increased risk of DP following exposure 
to heavy physical workload and low job control. Most stud-
ies exploring physical workload estimated significant excess 
risks of DP (by 40–100%) in adjusted analyses, with moder-
ate to strong risk attenuations after controlling for covari-
ates (Lahelma et al. 2012; Prakash et al. 2017; Kjellberg 
et al. 2016; Falkstedt et al. 2021). Furthermore, significant 
dose–response relationships between higher physical work-
load and DP risk (Krause et al. 1997; Krokstad et al. 2002; 
Lahelma et al. 2012; Kjellberg et al. 2016; Sundstrup et al. 
2018; Falkstedt et al. 2021) are consistent with our results. 
For job control, our results appear in line with studies indi-
cating that exposure to low job control has a positive and 
independent effect on the risk of DP (Knardahl et al. 2017). 
Existing studies on job demands and DP show conflicting 
results. Two studies found statistically significant increased 
risks of DP for exposure to high demands (Canivet et al. 
2013; Krokstad et al. 2002). Another study reported a mar-
ginally statistically significant decreased risk (Thielen et al. 
2014). Such inconsistencies make it difficult to interpret the 
overall association. Also, the use of a JEM to measure expo-
sure to job demands may have affected the comparability of 
our results with those of other studies, given that exposure 
assessment through self-reports may be influenced by poor 
health or low work ability, and these studies were all based 
on individual self-reported data.

A few available studies have explored EAP and physical 
or psychosocial factors at work. A study on male waste col-
lectors and municipal workers reported a six-fold increased 
risk associated with bending of the back (Lund et al. 2001). 
Another study found slightly increased risks of EAP among 
aged workers exposed to extreme bending of neck/back, 
working mainly standing/squatting and low skill discretion 
(Lund and Villadsen (2005). Similarly, modest associa-
tions have been observed with high physical demand and 
low influence at work among nurses (Friis et al. 2007). HRs 
above two-fold were estimated for cumulative exposure to 
hard and very hard physical work during the whole working 
life among workers 49–63 years from three different Danish 
cohorts (Sundstrup et al. 2018). The results of the afore-
mentioned studies are only partially consistent with ours but 
suggest a weak association between high physical workload 
or low job control and EAP, which is similar to our findings 
for women.
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To our knowledge, no studies have investigated whether 
adverse physical or psychosocial factors at work are effect 
modifiers of the association between back pain and all-cause 
DP or EAP. However, in a Swedish cohort of twins with 
back or neck pain, high job control and low job demands 
were found to decrease the risk of work disability (defined 
as SA for more than 90 days or DP), after controlling for 
age, sex, education, self-rated health and mental disorders 
(Mather et al. 2019).

Strengths

A major strength of this study is the large population inves-
tigated, which allowed the evaluation of effect modification 
by exposure to work factors on the relationship between 
back-pain SA and premature retirement with great statistical 
power. Further, the study population included all employed 
Swedish residents of selected ages, a feature that implies no 
errors in sampling design. Third, as information on back-
pain SA, DP and EAP was derived from administrative 
sources, differential misclassification of these variables is 
unlikely. The use of a JEM to assign exposure to physical 
workload and psychosocial factors also prevented differen-
tial misclassification of exposure, but likely introduced a 
degree of non-differential misclassification, because expo-
sure scores are amalgamated for each occupational group, 
without variability within occupations.

Limitations

A limitation of this study is the lack of adjustment for the 
presence of other illnesses, which may confound the asso-
ciation between back-pain SA and premature retirement, as 
people affected by back pain have been found at higher risk 
of carrying other chronic morbidities, such as musculoskel-
etal pain in other regions (Øverås et al. 2021) and depressive 
symptoms (Cartensen et al. 2012).

Furthermore, information on behavioral risk factors 
(e.g., smoking, physical inactivity and overweight) was not 
available in the administrative datasets used for the study, 
which may have played a confounding role in the associa-
tions of premature retirement with back-pain SA and with 
work factors. However, as our analyses were adjusted for 
educational level, confounding by lifestyle risk factors was 
partially controlled for, given the strong educational gra-
dient in exposure to such factors in Sweden, like in other 
countries (Falkstedt et al. 2021; Mäki et al. 2014).

Besides not considering within-job variability of expo-
sure, as said above, JEMs do not allow to take into account 
the individual subjective experience of exposure to work 
factors, which may be affected by workers’ characteristics, 

such as gender, anthropometric measures, work capacity, 
age and health status, and may influence workers’ attitude 
toward taking SA.

Conclusion

The results of this study support associations previously 
observed between long-term back-pain SA and later DP. 
We further identified a modest association between back-
pain SA and EAP. Exposure to heavy physical work-
load or low job control was associated with DP showing 
a dose–response trend, whereas exposure to higher job 
demands was associated with a decreased risk. The small 
and inconsistent associations of physical workload, job 
control and demands with EAP across genders suggest 
that they play a minor role in exiting from the labour force 
through this route, if any.

The joint effect of back-pain SA and work factors on DP 
risk appears mainly additive, with only a negative effect 
modification found for job strain in women. However, the 
decrease in the risk gradient by increasing exposure to 
physical workload and low job control among men with 
more back-pain SA episodes or days suggests that when 
back pain becomes more persistent and disabling its effect 
on the risk of DP would be less dependent on working 
conditions.
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