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Abstract

Musculoskeletal pain at multiple body sites is very common among working-age 
people and has been strongly linked to severe work disability. Little is known of the 
work-related physical and psychosocial factors contributing to multi-site pain and 
the consequences of multi-site pain among the industrial population. The overall aim 
of this study was to evaluate the occurrence of multi-site musculoskeletal pain, its 
determinants and consequences for work ability and sickness absences among food 
industry employees.

A questionnaire survey (Studies I–III) was conducted among the entire personal of one 
of the leading food processing companies in Finland in spring 2005 (N = 1201) and 
spring 2009 (N = 1398). A total of 734 employees were followed from 2005 to 2009. 
Sickness absence data (Study IV) for this study was based on the companies’ sickness 
absence register. The information on age, gender and causes of sickness absence 
of all those employed in 2005–2008 was obtained through the personnel register. 
Information on multi-site musculoskeletal pain (pain in at least two anatomical areas 
out of four), physical and psychosocial work exposures, information on self-assessed 
work ability (current work ability on a scale from 0 to 10; < 7 = poor work ability), 
leisure-time physical activity, body mass index, and physical and psychosocial 
exposures was elicited by questionnaire. The risk of multi-site pain related to the 
single and combined effects of work exposures and the separate and combined effects 
of multi-site pain and work exposures on work ability at follow-up among subjects 
with good work ability at baseline were assessed by logistic regression. Generalized 
Linear Models (GLM) with negative binomial distribution assumption was used to 
determine associations between the occurrence of multi-site pain (0–4 pain sites) and 
long-term sickness absence (≥ 4 days) due to any medical reason and sickness absence 
spells and days due to any musculoskeletal diagnosis (MSD).

The mean age of the employees was 40.95 years, ranging from 20–66 years. Of 
the employees who participated in the follow-up study, 65% were female and 71% 
were involved in blue-collar occupations. About 40% had sickness absence spells 
(≥ 4 days) at least once due to MSD. At baseline, 56% had pain at more than one 
site, and 50% at 4-year follow-up. Forty percent of all employees had multi-site pain 
throughout follow-up. Among those with multi-site pain at baseline, 69% had multi-
site pain at follow-up. Physical factors including biomechanical factors at baseline 
increased the risk of multi-site pain at follow-up by more than 4-folds. Psychosocial 
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factors (low job satisfaction, poor team spirit and poor opportunities to exert influence 
at work) also strongly predicted multi-site pain at follow-up. Multi-site pain at 
baseline increased the risk of poor work ability at follow-up, allowing for age, gender, 
occupational class, body mass index and leisure-time physical activity. The separate 
effects of the work exposures on work ability were somewhat smaller than those of 
multi-site pain. Multi-site pain had an interactive effect with work environment and 
awkward postures, such that no association of multi-site pain with poor work ability 
was seen when work environment was poor or awkward postures present. Multi-site 
pain was associated with long-term sickness absence spells and days due to MSD. 
The associations of MSP with long-term sickness absence spells and days due to 
MSD were found to be strong among both blue-collar and white-collar employees. 
However, a threshold in the rate ratios was found between two-site and three-site pain, 
whereas in blue-collar employees the threshold was rather between one-site and two-
site pain.

Musculoskeletal pain at multiple sites is a common and persistent phenomenon among 
industrial workers. Physical and psychosocial factors contribute significantly to multi-
site pain. The decline in work ability connected with multi-site pain was not modified 
by biomechanical or psychosocial exposure at work. Multi-site pain also strongly 
predicted long-term sickness absence spells and days due to musculoskeletal diagnosis 
among both white- and blue-collar employees. The occurrence and the impact of 
multi-site musculoskeletal pain suggest that the prevention of severe occupational 
outcomes for this group must have a wide focus. Counting the number of concurrent 
pain sites can serve as a simple method to screen for workers with high risk of work 
disability in e.g., occupational health care. 

Key words: multiple sites; widespread pain; musculoskeletal disorders; work 
disability; musculoskeletal diagnosis
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Tiivistelmä

Useammalla kuin yhdellä anatomisella alueella esiintyvä tuki- ja liikuntaelinkipu on 
hyvin yleistä työikäisessä väestössä, ja kipualueiden määrän ja työkyvyttömyyden 
välillä on selvä yhteys. Monipaikkaiseen kipuun vaikuttavia työperäisiä fyysisiä ja 
psykososiaalisia tekijöitä sekä kivun vaikutusta teollisuustyöntekijöihin on kuitenkin 
tutkittu varsin vähän. Tämän tutkimuksen tarkoituksena on arvioida monipaikkaisen 
tuki- ja liikuntaelinkivun yleisyyttä, siihen vaikuttavia tekijöitä sekä kivun vaikutuksia 
työkykyyn ja sairauspoissaolojen määrään elintarviketeollisuuden työntekijöiden 
keskuudessa.

Kyselytutkimus (Artikkelit I–III) tehtiin kaikille suuren suomalaisen elintarvike
yrityksen työntekijöille keväällä 2005 (N = 1201) ja keväällä 2009 (N = 1398). 
Kaikkiaan 734 työntekijää seurattiin vuodesta 2005 vuoteen 2009. Sairauspoissaolo
tiedot (Artikkeli IV) koottiin yrityksen sairauspoissaolorekisteristä, ja henkilö
tietorekisteristä koottiin lisäksi tiedot kaikkien työntekijöiden iästä, sukupuolesta ja 
sairauspoissaoloihin johtaneista diagnooseista vuosilta 2005–2008. Kyselyllä kerättiin 
tietoa monipaikkaisesta tuki- ja liikuntaelinkivusta (kipua esiintyi ainakin kahdella 
neljästä kehon alueesta), työperäisistä fyysisistä ja psykososiaalisista riskitekijöistä, 
muista fyysisistä ja psykososiaalisista riskitekijöistä, vapaa-ajan fyysisestä aktiivi
suudesta ja painoindeksistä. Lisäksi työntekijät arvioivat kyselyssä senhetkistä työ
kykyään asteikolla 0–10, jossa ≤ 7 = heikko työkyky. Tutkimuksessa arvioitiin 
toisaalta työperäisiin riskitekijöihin liittyvää monipaikkaisen kivun riskiä, toisaalta 
monipaikkaiseen kipuun ja työperäisille riskitekijöille altistumiseeen liittyvää 
huonontuneen työkykyvyn riskiä niillä työntekijöillä, joiden työkyky oli hyvä vuonna 
2005. Arvioinnissa käytettiin logistista regressioanalyysiä. Monipaikkaisen kivun (0–4 
kipualuetta) sekä mistä tahansa syystä aiheutuneiden pitkien sairauspoissaolojen (≥ 4 
päivää) ja tuki- ja liikuntaelinsairauksista johtuneiden sairauspoissaolojen välisten 
yhteyksien määrittelemiseen käytettiin yleistettyä lineaarista mallia negatiivisella 
binomijakaumaoletuksella.

Työntekijöiden keski-ikä oli 40,95 vuotta ja ikähaarukka 20–66 vuotta. Vuoden 
2009 tutkimukseen osallistuneista työntekijöistä 65% oli naisia ja 71% teollisuus
työntekijöitä. Noin 40% oli ollut seuranta-aikana sairauslomalla (≥ 4 päivää) 
ainakin kerran tuki- ja liikuntaelinsairauden takia. Vuoden 2005 tutkimuksessa 
56%:lla ja vuoden 2009 tutkimuksessa 50%:lla työtekijöistä oli kipua useammassa 
kuin yhdessä paikassa; kaikista työntekijöistä 40% koki kipua useassa paikassa 
koko seurantajakson ajan. Monipaikkaisesta kivusta vuoden 2005 tutkimuksessa 
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raportoineista työntekijöistä 69% raportoi monipaikkaisesta kivusta myös vuoden 
2009 tutkimuksessa. Jos työntekijä altistui vuoden 2005 tutkimuksessa fyysisille 
riskitekijöille, esim. biomekaanisille riskitekijöille, monipaikkaisen kivun toden
näköisyys oli nelinkertainen vuoden 2009 tutkimuksessa. Myös psykososiaali
sille riskitekijöille (tyytymättömyys työhön, huono yhteishenki ja heikot mahdolli
suudet vaikuttaa työhön) altistuminen ennakoi selvästi monipaikkaista kipua 
jatkotutkimuksessa. Monipaikkainen kipu ensimmäisessä tutkimuksessa myös 
nosti heikentyneen työkyvyn todennäköisyyttä jatkotutkimuksessa riippumatta 
työntekijän iästä, sukupuolesta, ammattiluokasta, painoindeksistä ja vapaa-ajan 
fyysisestä aktiivisuudesta. Työperäisten riskitekijöiden erillisvaikutukset työkykyyn 
olivat kuitenkin hieman vähäisemmät kuin monipaikkaisen kivun. Monipaikkaisen 
kivun ja työympäristön ja työasentojen välillä oli yhdysvaikutus, siten että kipu 
ei liittynyt heikentyneeseen työkykyyn, jos työympäristö tai työskentelyasennot 
olivat huonot. Monipaikkaisella kivulla huomattiin myös olevan yhteys tuki- ja 
liikuntaelinsairauksista johtuviin sairauspoissaoloihin niin teollisuustyöntekijöillä 
kuin toimihenkilöilläkin. Toimihenkilöillä poissaolot aiheutuivat kuitenkin yleensä 
kahden tai kolmen alueen kivuista, kun työntekijöillä poissaoloon johti yhden tai 
kahden alueen kipu.

Monipaikkainen tuki- ja liikuntaelinkipu on yleistä varsinkin teollisuustyöntekijöillä, 
ja fyysiset ja psykososiaaliset riskitekijät vaikuttavat kivun määrään selvästi. 
Biomekaanisille tai psykososiaalisille riskitekijöille altistuminen töissä ei kuitenkaan 
heikentänyt monipaikkaisen kivun alentamaa työkykyä. Monipaikkainen kipu 
lisää selvästi niin pitkien sairauslomien kuin tuki- ja liikuntaelinsairauksista 
johtuvien sairauspoissaolojen todennäköisyyttä sekä teollisuustyöntekijöillä että 
toimihenkilöillä. Monipaikkaisen kivun taustalla olevat monet riskitekijät tulee 
ottaa huomioon, kun pyritään ehkäisemään siitä aiheutuvia vakavia seurauksia. 
Työterveyshuollossa kipupisteiden määrän laskeminen voi toimia yksinkertaisena 
toimenpiteenä, jonka avulla voidaan tunnistaa suurentuneen työkyvyttömyysriskin 
työntekijät.  

Avainsanat: Monipaikkainen kipu, tuki- ja liikuntaelinsairaudet, työkyky, 
sairauspoissaolo, psykososiaaliset työolot, fyysiset työolot
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1. INTRODUCTION

Musculoskeletal diseases are extremely common and have important implications 
for the individual, employers and society at large. This is a heterogeneous group of 
diseases and conditions in the musculoskeletal system (i.e. in the tendons, muscles, 
nerves, bones, or other supporting structures of the body) that results in pain and 
functional impairment. The term musculoskeletal pain is defined as an unpleasant 
sensory and emotional experience that occurs with or without the presence of actual 
or potential tissue damage in the musculoskeletal system. Musculoskeletal pain is 
common in general populations in industrialized countries (Buckle and Devereux, 
2002; Walker-Bone et al. 2004; Haldeman et al. 2010) and is one of the most common 
causes for long-term sick leave (Hansson and Jensen 2004; Waddell, 2006) among 
employees. Musculoskeletal diseases are also the single largest category of work-
related illness, representing more than a third of all registered occupational diseases 
(Pope et al. 1991). In Finland, one fifth of visits to primary care physicians are due to 
musculoskeletal pain (Mäntyselkä et al. 2001; Rekola et al. 1993). 

Risk factors for musculoskeletal pain are multifactorial and include physical and 
psychosocial factors at work and also cultural and personal factors, and this complex 
model needs to be understood in order to modify the risks. The role of these physical 
and psychosocial risk factors in musculoskeletal pain has been extensively studied. 
However, most of the studies on musculoskeletal pain have focused primarily on 
localized pain areas such as the low back or neck and shoulder. Having pain in one 
part of the body is evidently associated with the likelihood of having pain in another 
body area (Croft et al. 2007). Consequently many people with musculoskeletal pain 
report pain at more than one site (Adamson et al. 2007; Carnes et al. 2007; Kamaleri 
et al. 2008a). Recent epidemiological studies (Kamaleri et al. 2008a; Miranda et al. 
2010) among the general population and working population (Haukka et al. 2006; 
Solidaki et al. 2010) emphasize the importance of the number of pain sites. Multi-site 
musculoskeletal pain has been found to be a predictor of poor quality of life (Bergman 
et al. 2004; IJzelenberg and Burdorf, 2004), poor self-assessed work ability (Miranda 
et al. 2010; Saastamoinen et al. 2006) and early disability retirement (Markkula et al. 
2011).

This dissertation examined employees working from 2005 to 2009 in one of the 
leading food processing companies in Finland. The food industry was chosen to 
represent a field involving high levels of exposure to physical and psychosocial load as 
well as enough variation in these exposures. Although food processing is a widespread 
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industry, the occurrences of musculoskeletal disorders among food industry workers 
have been hugely understudied. This study aimed to evaluate firstly the occurrence 
and determinants of multi-site musculoskeletal pain among the workers. Secondly, it 
aimed to investigate the consequences of multi-site pain for future work ability and 
thirdly the consequences for sickness absence. 

It was hypothesized in this dissertation that most musculoskeletal pain is reported 
at multiple anatomical sites, and that the associations of physical and psychosocial 
factors with multiple-site pain are strong. It was also expected that multi-site pain 
would result in poor work ability and long-term sickness absence due to MSD.
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2. REVIEW OF THE LITERATURE

2.1 Overview
The International Association for the Study of Pain (IASP) formulated pain definition 
as follows “Pain is an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage” (Bonica, 
1979). This definition is the most widely accepted. It implies that pain is always 
subjective in nature, an unpleasant sensation with both physical and emotional 
components. Pain is associated with a wide range of injuries and diseases; it is 
sometimes a disease itself and warrants immediate medical intervention.

Pain can frequently be acute, which is defined as a type of pain that is directly related 
to soft tissue damage such as a sprained ankle or a paper cut and typically lasts less 
than three to six months. This type of pain generally comes on suddenly, for example, 
after trauma or surgery, and may be accompanied by anxiety or emotional distress. The 
cause of acute pain can usually be diagnosed and treated, and the pain is self-limiting, 
i.e., it is confined to a given period of time and severity. In some rare instances, it can 
become chronic. Chronic pain on the other hand is widely believed to constitute a 
disease itself. It can be much exacerbated by environmental and psychological factors. 
Chronic pain, in general, like any pain that has persisted for longer than three months 
can – and often does – cause sufferers severe problems.

Pain can be discussed under several headings with emphasis on its origin, for example, 
physiological, inflammatory and neuropathic pain (Woolf, 1987), or nociceptive 
(musculoskeletal) pain, peripheral or central neurodysfunctional pain, idiopathic pain 
(unknown pain mechanism), and psychological pain (Lidbeck, 2002). Nociceptive 
or musculoskeletal pain affects the muscles, ligaments and tendons, along with the 
bones.

2.2 Musculoskeletal pain
A generally accepted definition for the term “musculoskeletal pain” is difficult to find. 
There are several closely related, but not synonymous, terms used in the literature to 
describe the conditions involved, including “musculoskeletal pain”, “musculoskeletal 
disorders”, “musculoskeletal symptoms” and “musculoskeletal conditions”. An 
important distinction between “pain” and “symptoms”, “disorders” and “conditions” 
is that pain does not include symptoms such as numbness or tingling. Musculoskeletal 
pain in itself is not a disease, but if it is persistent and if it negatively affects health, it 
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becomes a healthcare issue. Musculoskeletal pain is prevalent in most populations, but 
not all perceived pain affects the everyday life of an individual. A few short periods of 
musculoskeletal pain during a lifetime are not normally viewed as a disease.

Musculoskeletal pain in this thesis is considered as a public health or occupational 
health interest when it leads to impaired work ability and sickness absence. 

2.2.1 Burden of musculoskeletal pain

Musculoskeletal pain constitutes a major public health burden due to its high impact 
on disability (Picavet and van den Bos, 1997; Badley et al. 1994), sickness absence 
and work disability (Leijon et al. 1998) especially in the industrialized countries. 
In general each adult experiences one or more brief episodes of musculoskeletal 
pain associated with injury or overuse. Recurrent and chronic musculoskeletal 
pain problems are also common (IASP, 2009). However, prevalence rates vary 
across studies of a given condition due to different case definitions, time periods 
and population studied. The lifetime prevalence of back disorders among general 
population in different countries has varied between 30% and 84% and that of neck 
disorders has been about 70% (Riihimäki, 2005).

Musculoskeletal problems are highly prevalent and their impact is extensive. The 
global burden of diseases and injuries due to occupational factors estimated that, the 
annual incidence of MSDs accounts for 31% of all occupational diseases estimated in 
the world in 1994 (Leigh et al. 1999). At any time 30% of American adults are affected 
by musculoskeletal pain (The Consensus Document, 1998). Musculoskeletal disorders 
are also the most common health problem at work in Europe, affecting millions of 
workers. Across the European Union (EU 27), 25% of workers complain of backache 
and 23% report muscular pains (Takala, 2008). In some European states, 40% of the 
costs of workers’ compensation are caused by work related musculoskeletal disorders 
(WMSDs) accounting for up to 1.6% of the gross domestic product (GDP) of such 
countries (Takala, 2008). In Finland more than a million workers suffer from acute 
musculoskeletal disorders related to work. The sickness absenteeism caused by 
musculoskeletal disorders has been increasing. The costs caused by musculoskeletal 
disorders consist of premature retirement costs and loss of work input, amounting 
to close to 2 billion Euros a year (Rantanen and Malmivaara, 1996). According to 
Finnish statistics in 2011, diseases of the musculoskeletal system were the most 
common reason for receiving retirement pension accounting for a total of 35% of all 
persons who had retired. In 2011, the Social Insurance Institution of Finland granted 
approximately 5.3 million full sickness benefit days due to musculoskeletal diseases at 
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a total cost of 2.3 billion euro (Finnish Centre for Pensions 2011; The Social Insurance 
Institution 2011).

Musculoskeletal pain is experienced by many people around the world more than any 
other category of pain. The problem is very complex and extensive; it includes many 
different types of pain, including neck pain, joint pain, limb pain, low back pain, bone 
pain and chronic widespread pain (IASP, 2009).

2.2.2 Pathophysiology of musculoskeletal pain

Many efforts have been undertaken to account for the neurophysiology and 
neurochemistry of musculoskeletal pain, yet the pathophysiology is still not 
completely clear. Also, relatively little is known about the pathophysiology underlying 
most persistent pain syndromes. Nonetheless, it is widely accepted that persistent pain 
may be sustained by different types of mechanisms (AMA, 2007). There are basically 
three major pain categories: nociceptive, neuropathic and idiopathic pain. Stimulation 
of tissue nociceptors produces nociceptive pain. Neuropathic pain is caused by a 
peripheral or central nervous system injury or dysfunction. Idiopathic pain refers to 
a pain condition without any explicit physical cause, and is often related to mental, 
emotional, or behavioral factors.

Pain distinguishes sensory and affective components, with the aim of extending the 
focus from the perception of pain to the pain experience. In Riley and Wade’s model 
the first stage of pain processing is the perceived intensity of the pain sensation, which 
is then followed by an individual’s immediate affective response. In the third phase 
of pain processing longer-term cognitive processes with extended pain effect emerge. 
The extraction of sensory and affective dimensions of pain has a neurophysiological 
basis with growing evidence of underlying neural processes (Main et al. 2008).

Nociceptive pain may be acute (short-lived) or persistent (long-lived, chronic). The 
distinction between acute and persistent pain is particularly relevant. Acute pain is 
characteristically of recent onset and is anticipated to have a relatively short duration 
– no more than days or weeks. Pain is usually considered persistent if it continues for 
more than 3 to 6 months. Acute pain is highly prevalent and is the hallmark of some 
disease for e.g. haemophilia and some subsets of headache. Nearly all patients with 
progressive disease for e.g. cancer and AIDS, also experience repeated episodes of 
acute pain which may be related to the disease or unrelated processes.  Patients with 
persistent pain commonly experience intermittent episodes of acute pain which may 
occur spontaneously or in association with a particular activity. 
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Pain is inherently subjective in nature and patient self-reports are the gold standard in 
assessment. Ideally, the description of the pain should be characterized by its temporal 
relations, intensity, location, quality and factors that relieve it.

2.2.3 Multi-site musculoskeletal pain

’Multi-site’ or ‘multiple site’ musculoskeletal pain is a relatively new concept in 
musculoskeletal pain research. Both terms refer to pain at more than one body site 
concurrently or within a defined time period. There is no clearly established definition 
of multi-site pain so far. The American College of Rheumatology (ACR) developed a 
definition for chronic widespread pain (CWP) in 1990. According to this definition, 
CWP requires the presence of pain in the axial skeleton, on the left and right, above 
and below the waist for at least three months (Wolfe et al. 1990). This definition was 
based on the diagnostic criteria for fibromyalgia. Hunt et al. (1999) proposed another 
definition, the so-called “Manchester definition” of widespread pain, which states 
that ‘pain which has been present for at least three months in at least two sections 
of two contra-lateral limbs and in the axial skeleton’. The second definition is more 
associated with psychosocial distress, fatigue and sleep disruption. However, pain at 
multiple sites does not meet the criteria and classification of the above definitions but 
may also be associated with increased pain, disability, work absenteeism (Davies et al. 
1998), quality of life and health care utilization (Carnes et al. 2007). Studies on CWP 
often use case definitions restricted by pain duration (e.g. more than 3 months), pain 
distribution requirements, or “cut-offs” (Croft et al. 2003; Bergman, 2005). Multi-site 
pain, however, is measured by using pain duration for e.g. one week, one month, three 
months and more. 

Musculoskeletal pain is a common phenomenon (Natvig et al. 1995). People 
with musculoskeletal pain often report the pain at several body sites concurrently 
(Kamaleri et al. 2008a; Markkula et al. 2009; Schmidt and Baumeister, 2007; Allison 
et al. 2002; Haukka et al. 2006; Picavet and Schouter, 2003; Rustoen et al. 2004). 
About three quarters of the people with musculoskeletal pain reported chronic pain 
at multiple body sites (two or more sites) out of a possible count of ten (Carnes et al. 
2007). Among a Greek working group of people, two-thirds reported musculoskeletal 
pain at more than one body site in the past 12 months (Solidaki et al. 2010). The three-
month prevalence of pain among female kitchen workers in Finland was reported as 
14% workers with pain at only one body site while 73% of all subjects reported pain 
at more than one site (Haukka et al. 2006). One-third of the general population of 
Finns reported the pain at more than one site (Miranda et al. 2010). Several studies 
have reported that multi-site musculoskeletal pain (MSP) is even more frequent than 
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single site pain both in  general population (Miranda et al. 2010; Carnes et al. 2007; 
Kamaleri et al. 2008a) and in working population (Haukka et al. 2006; Solidaki et al. 
2010; Molano et al. 2001; Alexopoulos et al. 2004; Ijzelemberg and Burdof, 2004). 

Among schoolchildren, month prevalence of widespread pain varied between 8% 
(Adamson et al. 2007) and 15% (Jones et al. 2003), depending on the criteria used to 
measure the widespread pain. Paananen et al. (2010) found that among schoolchildren 
21% of boys and 24% of girls reported pain at two anatomical sites. This shows that 
multi-site musculoskeletal pain is already common in school age (Auvinen et al. 
2009). The average number of pain sites appears to be settled by age 20 and little 
variation seems to occur thereafter (Croft, 2009; Kamaleri et al. 2009).

It can be seen from the above that multi-site pain seems to be more common than 
single-site or localized pain. This suggests that pain in one anatomical area should 
generally not be seen in isolation but that assessment of pain at multiple sites 
should be considered (Haukka et al. 2006). Nonetheless, most of the earlier studies 
on musculoskeletal disorders have concentrated exclusively on single-site pain and 
considered risk factors as distinct and exclusive to each pain area or disorder (Grotle 
and Croft, 2010). Although multi-site pain occurs as frequently as single-site pain, the 
different risk factors of multi-site pain are not well understood.

2.2.4 Assessment of musculoskeletal pain in epidemiological  
          studies

In the epidemiology of musculoskeletal pain steady progress has been made in 
recent decades, but longitudinal and case-control studies are still scarce in this 
field. The occurrence of the pain has been the most common outcome measure in 
epidemiological studies on musculoskeletal pain (Riihimäki, 2005). The occurrence 
parameter has been one week, one, three, or 12 months or lifetime prevalence or 
cumulative incidence in follow-up studies. Epidemiological data on musculoskeletal 
pain are mainly collected with questionnaires, interviews and clinical examinations. 
However the assessment is difficult because of the subjective nature of pain (Guzman 
et al. 2008). Pain perception is person-dependent and can be modified by several 
factors, such as prior experience, culture, coping mechanisms etc. In this study, 
musculoskeletal pain was measured by a questionnaire, i.e. no objective measurement 
was made. Nevertheless, a self-report method appears to be the best and practically 
the only way of assessing pain in epidemiological studies because of its complex and 
subjective nature (Crombie et al. 1999; Natvig et al. 2001). 
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In epidemiological studies of musculoskeletal pain, the accuracy of the measurement 
of pain and exposure is of value only if current exposure is relevant with regard to 
the study objective (Riihimäki, 2005). Also, if current exposure can be considered 
as a proxy of past exposure, direct measurement of the exposures is then reliable. In 
longitudinal epidemiological studies on musculoskeletal pain, the multidimensional 
aspects of pain have to be captured in only a few variables in order to ensure a better 
assessment. Therefore multi-item instruments for pain assessments are not plausible in 
an epidemiological survey. A questionnaire with a limited number of pain questions, 
which is commonly employed in epidemiological studies, is the Nordic questionnaire 
(Kuorinka et al. 1987). The validity and reliability of these questionnaire methods 
has been compared in different studies (Tielemans et al. 1999; Nordstrom et al. 1998; 
Kromhout et al. 1987). In the Nordic Questionnaire diagnosis was used as the gold 
standard. Good predictive validity was found for the Nordic Questionnaire regarding 
the number of pain sites and association with work disability and disability pension 
(Kamaleri et al. 2009).

2.3 Risk factors for multi-site musculoskeletal pain
Pain is a very complex process influenced by genetic, environmental and cultural 
factors as well as socio-economic status and psychological factors (Brooks, 2005). 
Several comprehensive reviews of risk factors of a single anatomical site have 
been published (Murphy et al. 2003; Andersen et al. 2011). However, there are no 
systematic reviews available for multi-site pain. One important area of uncertainty is 
whether the relative importance of risk factors differs for pain occurring at multiple 
sites. Solidaki et al. (2010) found that the relative importance of psychosocial versus 
physical risk factors is different for widespread pain compared to localized pain. 
However, the work-related physical and psychosocial risk factors may be common to 
both localized and multi-site pain. What is known about the risk factors for multi-site 
pain in our study is based on single-site pain. It has been estimated that about 40% 
of all upper limb disorders in the total US employed population were attributable to 
occupational exposure (Punnet and Wegman, 2004). Upper limb disorders rank high 
among compensated occupational diseases or injuries (Hagberg and Wegman 1987). 
Globally, 37% of low back pain (LBP) is caused by occupation and work-related pain 
is responsible for the loss of 818,000 disability-adjusted life-years annually (Punnett 
et al. 2005). Grotle and Croft (2010) explained that the reasons for the development 
and persistence of multi-site pain could be shared risk factors: mechanical overuse or 
injury or lifestyle factors such as obesity or low physical activity may affect different 
body sites and increase the likelihood that an individual exposed to those factors will 
cumulatively develop musculoskeletal pain at multiple sites.
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Epidemiological evidence suggests that both physical and psychosocial factors at 
work and individual factors play a role. However, the mechanisms involved in the 
development of musculoskeletal pain are not well understood. In addition to the 
separate effects of these physical and psychosocial factors, experimental evidence 
and biomechanical theory suggest that they may interact and produce a higher risk 
of musculoskeletal pain (Marras et al. 1995; Dolan and Adams, 1998). Work-
related physical risk factors for multi-site pain can be categorized into two groups, 
environmental exposures and biomechanical exposures. Environmental exposures in 
some reports have also been called physical exposures. In the same way, the work-
related psychosocial risk factors studied in this dissertation are job satisfaction, team 
spirit, leadership and opportunities to exert influence. Among the other individual 
factors, gender, age, occupational status, body mass index (BMI) and physical activity 
have been used in this research.

2.3.1 Physical risk factors

2.3.1.1 Environmental exposures
Many studies have shown that environmental exposures are an important risk factor 
for musculoskeletal pain, both localized and multi-site. Many of these earlier studies 
have, however, used environmental exposure in terms of physical workload, repetitive 
movements and awkward posture (Miranda et al. 2001; Cagnie et al. 2007; Hales et 
al. 1994; Ryan and Bampton, 1988; Wang et al. 2007; Harcombe et al. 2010). In this 
study these factors such as repetitive movements and awkward posture have been 
described as biomechanical exposures. Environmental exposure used in this study 
includes draughts, noise, poor indoor climate, poor lighting, heat, cold and restless 
work environment (Lehto and Sutela, 2009). Environmental exposures have also 
been studied as risk factors for musculoskeletal pain in terms of ‘environmental 
discomfort’ (Magnavita et al. 2011) or ‘body discomfort’. In a study among workers 
in food processing industries in Finland Sormunen et al. (2009) reported that 
draughts, moisture and noisy work environment were rated to be harmful by more 
than 70% of the respondents. Harkness et al. (2004) found that among the workplace 
environmental factors, those working in cold conditions had a lower risk of onset of 
widespread pain. In a review by Hildebrandt et al. (2002), epidemiological evidence 
about the relationship between climatic factors at work, such as cold, draughts and 
changes of temperature, and musculoskeletal symptoms was concluded to be weak, 
even though the association was considered plausible by the researchers and the 
subjects themselves. Poor climatic factors (cold, draughts, dampness and changes 
of temperature) were significantly associated with musculoskeletal pain (Sormunen 
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et al. 2009) in more than one anatomical site of the body (Hildebrandt et al. 2002). 
However the underlying pathophysiological mechanisms between musculoskeletal 
pain and climatic factors are still uncertain (Hildebrandt et al. 2002). 

2.3.1.2 Biomechanical exposures
It has been postulated that biomechanical factors are important in the aetiology 
of acute localized pain and individual psychosocial factors are important in the 
aetiology of persistent and generalized pain (Schierhout et al. 1995; Magni et al. 
1994; Toomingas et al. 1997). However, there is evidence that exposure to repetitive 
motion patterns, forceful exertion and non-neutral body postures (both dynamic and 
static) may cause musculoskeletal disorders at one or more anatomical sites (Punnett 
and Wegman, 2004). Several other studies have also found that repetitive movements 
and manual handling activities with e.g. high perceived physical workload among 
dentists increased the risk of co-occurring musculoskeletal pain with odds ratios of 
2.5, 3.1 and 4.4 for two, three and four pain areas respectively (Alexopoulos et al. 
2004). In a two-year prospective study among kitchen workers in Finland (Haukka et 
al. 2012) heavy physical workload at baseline was an independent predictor of MSP 
(OR = 3.8, 95% CI 1.7–8.5). In another cross-sectional study among a representative 
sample of the occupational groups from Greece, a combination of various physical 
exposures had a strong and graded relationship with the number of pain sites (Solidaki 
et al. 2010). In a 2-year follow-up study among newly employed workers, lifting 
and poor work postures predicted the onset of widespread pain (Harkness et al. 
2004). Moreover, in a sample of general population, manual material handling and 
repetitive work and awkward postures increased the risk of chronic widespread pain 
three years later (McBeth et al. 2001). Repetitive work movements also increased the 
risk of future episodes of forearm pain co-occurring with other regional pain 3–4-
fold (Macfarlane et al. 2000). The high occurrence of pain at multiple body sites due 
to pattern of workload and repetitive work was also reported among female kitchen 
workers (Haukka et al. 2006). 

2.3.2 Psychosocial environment

In many studies psychosocial aspects were found to be more strongly predictive of 
pain and its progression than mechanical exposures (Jansen et al. 2004; Eriksen et 
al. 2004). Several studies have also reported that psychosocial factors contribute 
to the development of multi-site pain. However, the number of prospective studies 
investigating the role of work-related exposures in multi-site pain is limited. Among 
kitchen workers, low job control and low supervisor support were the strongest 
predictors of multi-site pain 3 months later (Haukka et al. 2011). Moreover, adverse 
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changes in psychosocial factors, especially in job control over a two-year follow-
up period were associated with a higher risk of having persistent multi-site pain 
(Haukka et al. 2011). In a two-year follow-up study among newly employed subjects 
in 12 diverse occupational settings, the risk of onset of chronic widespread pain was 
associated with work-related psychosocial factors, such as low job satisfaction, low 
social support, and monotonous work, as well as with several mechanical and posture 
exposures. The strongest independent predictors of symptom onset, however, were 
psychosocial factors (Harkness et al. 2004). Solidaki et al. (2010) also found that 
among Greek workers job satisfaction, support and beliefs in work were associated 
with multi-site pain. Low social support at work was one of the 11 generic prognostic 
factors associated with pain in at least two regions of the body in a review by Mallen 
et al. (2007). 

Adverse work related psychosocial factors were associated with pain at several 
anatomical sites in a cross-sectional study (Nahit et al. 2001). Another occupation 
based cohort study with one year follow-up  reported that high levels of psychosocial 
distress at baseline were associated with an approximate doubling of the risk of 
reporting pain at follow-up (Nahit et al. 2003). Exposures relating to job demands 
support and job satisfaction increased the odds between 1.4 and 1.7 (Nahit et al. 
2003). 

2.3.3 Health related factors

A number of review studies have found that overweight, obesity (Shiri et al. 2010a) 
and smoking (Shiri et al. 2010b; Kauppila, 2009) were associated with LBP. Earlier 
studies have also found that subjects with metabolic syndrome were more likely to 
have neck pain (Mäntyselkä et al. 2010) and pain symptoms (Han et al. 2009). Some 
studies have analysed the relationship of health related factors to multi-site pain 
among working population. Among the general rural population, current smoking 
was associated with an increased risk of chronic pain at multiple locations and with 
CWP in both genders (Andresson et al. 1998). In one of the recent 2-year prospective 
follow-up studies among kitchen workers in Finland, Haukka et al. (2012) found that 
moderate (OR = 2.4, 95% CI 1.2–4.9) or low (OR = 2.3, 95% CI 1.1–4.7) physical 
activity predicted persistent MSP. Obesity also predicted MSP in the same study. 
General health and sleep quality were strongly associated with the number of pain 
sites in earlier studies (Natvig et al. 2001; Nordin et al. 2002; Stordal et al. 2003; 
Vandvik et al. 2004; Von Korff et al. 2005). A linear relationship between number of 
pain sites and deterioration in overall health, sleep quality and psychological health 
was found among Norwegian general population (Kamaleri et al. 2008b). Low 
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physical activity, overweight (higher BMI) and smoking status (smokers) were also 
associated with number of pain sites (Kamaleri et al. 2008b; Walker-Bone et al. 2004). 
However, smoking and physical activity were no longer associated with number of 
pain sites in a multivariate model (Kamaleri et al. 2008b). Kamaleri et al. (2009) 
also found no significant association of BMI with the number of pain sites 14 years 
later among municipal employees. Among Finnish adolescents, high level of physical 
activity, sitting for 8 hours or more per day, sleeping 7 hours or less and smoking 
were associated with overweight (BMI 24.37–29.43 kg/m2). These factors were also 
associated with pain at three or four locations both for boys and girls (Paananen et al, 
2010). 

Painful symptoms commonly occur together with many other diseases. Most times 
a comorbid patient will have one or more painful conditions. The more persistent 
the pain, the more enduring is its effect on its patient. Several studies have found 
the presence of pain to be associated with anxiety symptoms (Dersh et al. 2002). 
Depression and pain share biological mechanisms and neurotransmitters, which has 
implications for the treatment of both concurrently (Bair et al. 2003). Earlier studies 
have reported that patients with spinal pain are more likely than those without spinal 
pain to report the presence of another chronic pain condition (von Korff et al. 2005; 
Gureje et al. 2007). Chronic pain was also independently associated with low self-
rated health among general population in Finland (Mäntyselkä et al. 2003). Among 
Finnish kitchen workers with axial pain 52% reported concurrent pain in the neck and 
in the low back and 44% of those with upper limb pain had concurrent pain in the 
shoulders and in the forearms or hands (Haukka et al. 2006). Co-morbidity is also 
related to disability in general population (Rigler et al. 2002).

2.3.4 Individual factors

Among general population, women had a significantly higher number of pain sites 
than men and the proportion of women increased linearly with the total number of 
pain sites (Kamaleri et al. 2008b). Gender (women had higher risk) and age (younger 
adults had higher risk) were also associated with the development of musculoskeletal 
pain at multiple sites in a 14-year follow-up (Kamaleri et al. 2009). Another population 
study from the UK also showed that women were at higher risk of both chronic 
widespread and multi-site pain (Carnes et al. 2007). Pain at two or more sites was 
more frequent in women among the general population of age 40 or higher in Korea 
(Cho et al. 2012). Cho et al. (2012) also found that the prevalence of widespread pain 
was 12% (5.5% in men and 16.2% in women). Widespread pain was found to be more 
common among younger workers involved in different occupations (Harkness et al. 
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2004). Harkness et al. also found in the same study that the prevalence of widespread 
pain at baseline was more common in men, whereas chronic widespread pain and 
fibromyalgia tend to be much more commonly reported in women (Harkness et al. 
2004). Pain at multiple locations was also found to be common and increase with age 
in a study among Swedish rural population (Andersson, 1994). In the same study, 
women over 35 years of age perceived multiple sites of pain more often than men 
of the same age (Andersson, 1994). In the UK, widespread pain was three and a half 
times more common (PRR = 3.6, 95% CI 2.2–5.8) in women than in men (Harkness 
et al. 2005).

The prevalence of chronic pain varied with socioeconomic status such that the 
phenomenon was most common among blue-collar workers of all ages (Andresen, 
1994). Harkness et al. (2004) found wide variation in the rates of onset of widespread 
pain by occupational group. However, the prevalence did not differ by occupational 
status in his study.
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2.4 Work ability concept
The concept of work ability was developed in the early 1980s in Finland and was 
later adopted in various European and Asian countries. The concept is built on the 
balance between a person’s resources and work demands (Ilmarinen, 2005). Work 
ability has turned out to be a useful concept in analysing work life, particularly in 
responding to the challenge to prolong the job careers of aging workers. Work ability 
has been measured in different ways. The work ability index (WAI) is a commonly 
used instrument in clinical occupational health care and research to assess work 
ability during health examinations and workplace surveys (Ilmarinen, 2007). The 
index is determined on the basis of the answers to a series of questions which take 
into consideration the demands of the work, the worker’s health status and resources. 
Single item questions asking respondents to rate their current work ability on a 5- or 
10-point scale are also commonly used nowadays (Lindberg et al. 2006, Ahlstrom et 
al. 2010). 

The concepts of work ability have developed during the last decade in a more holistic 
and versatile direction. The level of work ability was related to the age of retirement 
in an earlier study (Feldt et al. 2009) and it shows that the better the work ability 
index the later the retirement. According to the health-based definition, work ability 
has been paired with integrated models and is created and promoted by many factors. 
In an 11-year follow-up study among food industry workers, Salonen et al. (2003) 
found that poor work ability was significantly associated with early exit from work. 
Nevertheless, Nygård and Arola (2004) showed that perceived work ability among 
workers in the food industry can be maintained or promoted by workplace health 
promotion intervention programmes. These include general health promotion, 
supervised physical training, or work organizational changes, including training for 
changes in working culture and methods and participatory planning of workplace 
health promotion.

In the literature from systematic reviews poor work ability has been associated with 
higher age, low socioeconomic status, lack of leisure physical activity, obesity etc. 
(van den Berg et al. 2009). Perceived work ability in midlife was also associated with 
mortality and disability in old age among blue-collar and white-collar employees (von 
Bonsdorff et al. 2011).
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2.4.1 Risk factors for poor work ability

2.4.1.1 Multi-site pain
Several studies on multi-site pain and work ability have measured work ability in 
terms of sick leave or disability pension (Natvig et al. 2002; Ijzelenberg et al. 2004; 
Kamaleri et al. 2008a; Morken et al. 2003; Nyman et al. 2007). These studies have 
found that pain at multiple locations or widespread pain are strongly associated with 
long-term disability (Natvig et al. 2002), declining psychosocial health, sleep quality, 
educational level (Kamaleri et al. 2008b) and functional ability (Kamaleri et al. 2007). 
Long-term work disability was also predicted by low back pain in individuals with 
widespread pain (OR = 3.52, 95% CI 1.09–11.37) (Natvig et al. 2002). In a 14-year 
follow-up study from Norway, Kamaleri et al. (2009) demonstrated that the number of 
pain sites at baseline was a strong predictor of disability pension at follow-up. There 
are few studies (both cross-sectional and longitudinal) looking at the association of 
multi-site pain and poor work ability. In a larger population based cross-sectional 
study in Finland (Miranda et al. 2010), a graded association of multi-site pain was 
found with poor self-rated work ability (OR = 2.3, 95% CI 1.6–3.3).  

2.4.1.2 Physical factors at work
Work-related factors have been shown in many studies to be associated with worker’s 
work ability (Alavania et al,.2007; Sjögren-Rönkä et al. 2002). A systematic review 
of work related factors and work ability shows that high physical demands such as 
increased muscular work, poor work postures, and poor ergonomic conditions were 
positively associated with a lower work ability index (WAI) (van den Berg et al. 
2009). Repetitive movements (OR = 1.56, 95% CI 1.41–1.72), static work postures 
(OR = 1.91, 95% CI 1.73–2.10), awkward back postures (OR = 2.05, 95% CI 1.86–
2.27) and manual materials handling (OR = 1.21, 95% CI 1.01–1.34) were associated 
with the occurrence of poor or moderate work ability in a cross-sectional study among 
Dutch construction workers (Alavania et al. 2007). By contrast Lindberg et al. (2006) 
found no association between physical exposures such as physically strenuous work, 
heavy lifting, bent work postures and poor work ability among Swedish working 
population. High physical work demands such as heavy muscular work, poor work 
postures and environmental conditions were also associated with impaired work 
ability among home care workers (Pohjonen, 2001) and municipal workers in a 
prospective cohort study (Tuomi et al. 1997; Tuomi et al. 2004).
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2.4.1.3 Psychosocial factors at work
There are some indications that preventing the development of poor work ability 
depends on organizational and psychosocial factors (Lindberg et al. 2006). In 
the review by van den Berg et al. (2009), high psychosocial work demands were 
associated with poor work ability. A positive association between high mental work 
demands and poor WAI was reported in some studies (Pranjic et al. 2006; Sjögren-
Rönka et al. 2002; Tuomi et al. 2004). Among Dutch construction workers, Alavinia 
et al. (2007) found that lack of support at work (OR = 1.73, 95% CI 1.01–1.21), 
high work demands (OR = 1.11, 95% CI 1.01–1.21) and low job control (OR = 1.35, 
95% CI 1.24–1.46) were weakly associated with poor work ability.

2.4.1.4 Health related factors
A study among aging industrial workers indicated that unhealthy lifestyles themselves 
are an important factor with respect to decreased work ability (Tuomi et al. 1997). 
Regular physical exercise at a moderate level has a positive effect on perceived work 
ability (Nurminen et al. 2002). Earlier studies have found that overweight (Fischer 
et al. 2006; Pohjonen et al. 2001; Tuomi et al. 2001), lack of leisure-time physical 
activity (Tuomi et al. 2001; Kaleta et al. 2006), smoking (Tuomi et al. 1991) and diet 
with low fibre intake (Kaleta et al. 2006) were associated with poor WAI. Alavinia 
et al. (2007) reported that overweight (OR = 1.37, 95% CI 1.22–1.55), and mild to 
moderate lung obstruction (OR = 1.41, 95% CI 1.07–1.86) were associated with 
poor work ability among Dutch construction workers. Gamperiene et al. (2008) also 
reported that partial satisfaction and dissatisfaction with physical health remained 
significant in predicting severely impaired work ability (RR = 5.1, 95% CI 2.2–11.9 
and RR = 9.5, 95% CI 3.9–23.2). 

2.4.1.5 Individual factors
Age has been acknowledged as an important factor with respect to impaired work 
ability (Pohjonen et al. 2001; Tuomi et al. 1991). Miranda et al. (2010) found a strong 
effect of age (especially older age group) on work ability among the general working 
population of Finland. Among the Dutch construction workers, the mean work ability 
index dropped by approximately 10% over a 40-year age span. Decreased WAI 
with older age has also been reported in some other studies (Goedhard et al. 1998; 
Monteiro et al. 2006). By contrast Fischer et al. (2006) reported a higher risk for 
poor WAI among younger workers. There was also an increased probability of both 
excellent and poor work ability for the oldest age group (≥ 55 years), but a decreased 
probability of poor work ability for the youngest age group (20–44) years (Lindberg 
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et al. 2006). An adverse effect of aging for moderately and severely impaired work 
ability was also found in a study among Norwegian women (Gamperiene et al. 2008). 
Gamperiene also found that women over the age of 50 years had a stronger association 
with moderately impaired work ability than women aged 18–29 years. Only the age 
group 40–49 years was associated with severely impaired work ability in their study. 

Gender was not associated with WAI in some earlier studies (Monterio et al. 2006; 
Martinez et al. 2006; Miranda et al. 2010). However, among Swedish working 
population men had a lower probability of poor work ability compared to women 
(Lindberg et al. 2006). In both genders lower work ability was more prevalent among 
blue-collar employees over 40 years than among white-collar employees over 40 
years among employees of the City of Helsinki (Aittomäki et al, 2003).
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2.5 Sickness absence
Sickness absence is an important public health problem as it contributes to lost 
productivity (Gründemann et al. 1997) and the well-being of the working population 
(Marmot et al. 1995; Bourbonnais et al. 1992). Consequently, sickness absence has 
emerged as an important indicator of a country’s economic performance. Health 2000, 
a population based survey of the Finnish employed workforce aged 25–64 found 
that 45% of employees had taken sickness absences during the preceding six months 
(Kauppinen et al. 2004). In Finland sickness absence has increased by 20% in the 
past ten years, and by almost 50% for long-term absence (OECD, 2008). According 
to the Finnish statistics 15.7 million absence days were covered by National Health 
Insurance in 2011, counting six working days a week with a total cost of 844.8 million 
Euros for sickness absence allowances including partial sickness allowances (Finnish 
Centre for Pensions 2011; The Social Insurance Institution 2011). A comparative 
study among European Union (EU) Member States showed that sickness absence 
percentages in southern European countries were lower than in central and northern 
European countries (Gimeno et al. 2004). Reducing the number of employees from 
sickness absence at work is one of the top political priorities in the EU (Henderson et 
al. 2005).

Sickness absence can be measured in terms of spells, persons, or time based 
measurements (Hensing, 2004). Sickness absence spells are also known as absence 
episodes, which are common events throughout the world. The causes of sickness 
absence are multi-factorial and complex (Dekkers-Sanchez et al. 2008; Labriola et 
al. 2008), but musculoskeletal pain is the dominant source (Bergaman et al. 2007; 
Punnett et al. 2004) especially for long-term absence. Work environmental exposures 
(Krause et al. 2004; Allebeck et al. 2004) have also been sown to be common causes 
of sickness absence from the workplace. In many studies on sickness absence, the 
outcome is short-term sickness absence or no distinction is made between short and 
long-term absence. Long-term sickness absence is costly for individuals and the 
economy. 

2.5.1 Risk factors for sickness absence

2.5.1.1 Multi-site pain
Several crucial factors contribute to long-term sickness absence among employees 
with musculoskeletal pain. The region of body pain (Ariens et al. 2002) and pain 
intensity may play a vital role for sickness absence (Lötters and Burdorf, 2006). 
Saastamoinen et al. (2009) also found that the association of pain with sickness 
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absence is largely independent of workload factors or socio-economic position. 
Sickness absence was reported by 39.6%, 95% CI 37.5–41.8 of the general population 
due to widespread pain in Norway (Øverland et al. 2012). Morken et al. (2003) 
found among aluminum industry workers the widespread pain (RR = 4.5, 95% CI 
3.4–5.8) and low back pain (RR = 2.7, 95% CI 2.1–3.3) were the strongest predictors 
for both short- and long-term sickness absence due to MSD. Widespread pain 
markedly increased the risk of long-term sickness absence in an earlier study among 
a representative sample of 5603 Danish employees with the hazard ratio for pain in 
hand/wrist plus low back plus neck/shoulder 2.63, 95% CI 1.99–3.46 after controlling 
for diagnosed disease (Andersen et al. 2011). Kääriä et al. (2012) also found that 
sciatica and neck pain was a stronger predictor of medically certified sickness absence 
than pain in one location.

2.5.1.2 Physical factors at work
Physical work environment exposures related to uncomfortable work postures, 
monotonous movements and high physical demands have been found to be associated 
with sickness absence in many studies (Hoogendoorn et al. 2002; Palsson et al. 1998; 
Charizani et al. 2005). Among Danish employees aged 18–64 years, work involving 
arm lifting and twisted hands OR = 1.3, 95% CI 1.07–1.59 and extreme bending/
twisting of neck/back OR = 1.45, 95% CI 1.17–1.78 was associated with sickness 
absence. Another follow-up study from Denmark also reported similar findings; 
uncomfortable working positions (HR = 1.40, 95% CI 1.18–1.65) and physical 
workload (HR = 1.15, 95% CI 1.03–1.45) were associated with increased risk of 
long-term sickness absence. Trinkoff et al. (2001) also found awkward head and 
arm postures to predict sickness absence in a study among 3,727 registered nurses. 
Another prospective cohort study based on questionnaire and register data showed 
that twisting the back OR = 1.32, 95% CI 1.08–1.61 and physical activity in work 
OR = 1.41, 95% CI 1.18–1.67 were associated with long-term sickness absence 
(Labriola et al. 2006). Heavy physical workload together with hazardous exposures 
showed the strongest associations with long-term sickness absence among Helsinki 
city employees in Finland (Laaksonen et al. 2010).

2.5.1.3 Psychosocial factors at work
In recent years psychosocial working conditions have attracted most attention as 
work-related risk factors for sickness absence. Research has shown that various 
features of psychosocial working conditions (decision-making authority, adjustment 
latitude, job control, job complexity, supervisor’s support) are related to sickness 
absence (Melchior et al. 2003; Duijts et al. 2006). High psychosocial job demands, 
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low job control, high job strain and passive work were associated with more work-
related sickness absence among permanent and non-permanent employees in EU 
member States (Gimeno et al. 2004). Low job control was associated with increased 
sickness absence in women (HR = 1.06, 95% CI 1.01–1.11) and job dissatisfaction 
was associated with increased risk of sickness absence in men (HR = 1.17, 95% 
CI 1.05–1.30) among Helsinki City employees (Laaksonen et al. 2010). Negative 
changes in the psychosocial work environment were found to be associated with 
increased risk of sickness absence after 7 years among healthy employees (Vahtera et 
al. 2000). The results from the Whitehall II Study also show that adverse changes in 
the psychosocial work environment predicted the incidence of long-term (> 7 days) 
sickness absence (Head et al. 2006).

2.5.1.4 Health related factors
Current smoking (OR = 1.6, 95% CI 1.32–1.96), former smoking (OR = 1.32, 95% 
CI 1.03–1.68), obesity (OR = 1.57, 95% CI 1.09–2.25), general poor health status 
(OR = 1.69, 95% CI 1.29–2.19) were associated with greater sickness absence among 
Danish employees (Labriola et al. 2006). In a 3-year follow-up study of the industrial 
population in Sweden, stopping smoking during the preceding year predicted higher 
risk of sickness absence (OR = 2.78, 95% CI 1.21–6.38) than among current smokers 
(Bergström et al. 2007). Bergström et al. (2007) also showed that physical activity 
in leisure time > 1 hour/day reduced the risk of sickness absence (OR = 0.39, 95% 
CI 0.20–0.76). Another study among industrial workers in Norway also showed that 
smokers had higher risk of short-term sickness absence (RR = 1.4, 95% CI 1.2–1.7) 
but not for long-term sickness absence (Morken et al. 2003). In the same study body 
mass index (BMI) > 25 was associated with long-term sickness absence (RR = 1.3, 
95% CI 1.0–1.7) but not short-term absence. Moderate physical activity was also 
associated with less short-term sickness absence (Morken et al. 2003). Smoking and 
BMI were also associated with intermediate (4–14 days) sickness absence and long-
term (15+ days) sickness absence among the employees of the city Helsinki in Finland 
(Laaksonen et al. 2010).

2.5.1.5 Individual factors
Gimeno et al. (2004) found that among permanent and non-permanent employees in 
EU Member States men had slightly more sickness absence than women. Some other 
earlier studies have also shown important gender differences in sickness absence but  
also opposite results reporting that women are more often absent sick (Gjesdal et al. 
2009; Lötters and Burdoff, 2006; Allebeck et al. 2004; Laaksonen et al. 2007). Other 
studies found no gender difference (Morken et al. 2003; Holtermann et al. 2010) or 
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only a minor effect on sickness absence (Burdoff et al. 1998) due to MSD among 
industrial workers. 

Age did not predict sickness absence due to MSD among industrial workers in 
Norway (Morken et al. 2003). Other studies have also found age to be of minor 
importance in predicting sickness absence (Labriola et al. 2006; Laaksonen et al. 
2010) sickness absence due to MSD (Burdorf et al. 1998) and also long-term sickness 
absence (Holtermann et al. 2010). However, among laundry workers Ijzelenberg et al. 
(2004) found a decreased risk of sickness absence in the older age group that could 
not be explained by work-related factors. Some earlier studies have also found that 
age > 50 years (OR = 2.4, CI 1.7–3.5) was a significant predictor of sickness absence 
(EshØj et al. 2001).

Among the industrial population, blue-collar employees were found to be more prone 
to higher risk of sickness absence than white-collar employees (Morken et al. 2003; 
Wickstrom et al. 1998; Kleiven et al. 1998). Blue-collar workers were also found to 
be associated with the risk of sickness absence in follow-up of 18-months and 3-years 
among working population (Bergström et al. 2007). Roelene et al. (2010) found that 
unskilled employees were at increased risk of recurrent sickness absence due to MSD. 
By contrast, Andersen et al. (2010) found that especially neck or shoulder pain was a 
risk factor for white-collar employees in Denmark.
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3. THEORETICAL FRAMEWORK OF THE STUDY

Various risk factors of musculoskeletal pain exist in a healthy population. When 
musculoskeletal pain emerges, it may run its normal course, but in some people pain 
lasts longer and may become chronic (Lakke et al. 2009). These influential factors are 
the prognostic factors.

Several theoretical models have been proposed to describe the development and 
prolongation of musculoskeletal pain (Waddell, 2006; Pincus et al. 2006; Karsh, 
2006). Most of the theoretical models describe the multifactorial aetiology of 
musculoskeletal pain. Understanding these models is necessary to better target 
interventions that might prevent or reduce musculoskeletal pain at the workplace. The 
theories also guide the selection of variables to be controlled for in the study. 

This dissertation is based on the modified version of the theoretical model originally 
proposed by Sauter and Swanson (1996). Sauter and Swanson’s (1996) ecological 
model was originally designed for office and visual display unit (VDU) work, and 
incorporates biomechanical, psychosocial and cognitive factors. This model shows 
that musculoskeletal pain can be traced ultimately to the nature of work technology, 
which includes both the nature of tools and work systems. The work technology 
has a direct path to physical demands as defined by the physical coupling between 
the worker and the tool and also a direct path to work organization. The pathway 
from work organization to physical demands suggests that the physical demands 
of work are influenced by organizational demands; e.g. increased specialization 
leads to increased repetition. This model also shows a direct path between the work 
organization and psychosocial exposures, which, in turn, influences musculoskeletal 
outcomes in two ways. Psychosocial exposure is hypothesized to produce muscle 
tension, and possibly other autonomic effects, which compound physical exposures 
induced by physical demands. The model also suggests that the relationship between 
physical exposures and the development of musculoskeletal symptoms is mediated 
by a complex of cognitive processes involving the detection and labeling of somatic 
symptoms. In the model (Figure 1), the effects of physical, psychosocial and 
individual factors are described in terms of a continuum of events involving first the 
development of musculoskeletal symptoms, then symptom reporting effect on work 
ability and sickness absence.
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PHYSICAL 
DEMANDS 

TOOLS AND 
TECHNOLOGY 

WORK 
ORGANIZATION 

PHYSICAL EXPOSURES 
–  Environmental factors 

draught, noise, poor 
lighting, bad indoor air, 
cold, hot, restless 
environment 

–  Biomechanical factors 
repetitive movements  
awkward postures 
 

INDIVIDUAL FACTORS 
Age, gender, occupational status 
 
HEALTH RELATED FACTORS 
Body Mass Index, physical 
exercises 

PSYCHOSOCIAL EXPOSURES 
– Job satisfaction  
– Leadership  
– Team spirit  
– Possibilities to exert 

influence  

DETECTION 
SENSATION
  

MUSCULOSKELETAL 
OUTCOMES 

– Single-site pain  
– Multi-site pain  

POOR WORK 
ABILITY 
 
SICKNESS 
ABSENCE 

LABELING / 
ATTRIBUTION 

Figure 1: Theoretical framework of the study based on the conceptual model of work-
related musculoskeletal disorders, adopted and modified from Sauter and Swanson 
(1996). Boxes with dashed lines show the measures used in the work at hand.

Study hypotheses based on the model
It was hypothesized that the baseline physical and psychosocial factors would predict 
multi-site pain at four-year follow-up when the effects of individual factors are 
controlled (Study I). Multi-site pain measured at baseline would predict poor work 
ability at follow-up separately and the combined effect with physical and psychosocial 
factors would be higher (Studies II–III). Finally, baseline multi-site pain would 
strongly predict long-term sickness absence due to MSD (Study IV).
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4. AIMS OF THE STUDY

The main aim of this dissertation was to evaluate the occurrence of multi-site 
musculoskeletal pain, its determinants and consequences for work ability and sickness 
absences among employees in the Finnish food processing industry. The overall aim 
of the study was sub-divided into four sub-aims:

1.	 To investigate whether work-related physical and psychosocial factors at 
baseline predict and contribute to the persistence of multi-site pain at follow-
up, whether these factors differ between men and women, and between 
younger and older workers (Study I).

2.	 To investigate whether the number of pain sites predicts poor work ability in 
a follow-up and whether the predictive effect differs by gender, age group or 
occupational status (Study II).

3.	 To examine the potential moderators of the association between multi-site 
musculoskeletal pain and poor work ability, and to examine whether and how 
physical and psychosocial exposures – separately and together with multi-site 
pain – predict poor work ability (Study III).

4.	 To analyse the impact of multi-site musculoskeletal pain on long-term sickness 
absence spells and days due to musculoskeletal diagnosis among blue- and 
white-collar employees (Study IV).
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5. MATERIALS AND METHODS

5.1 General description of the study
The present study was based on a six-year follow-up of employees in a Finnish food 
processing Industry Company which began in 2003 and on the company’s sickness 
absence registers (Virtanen et al. 2008). A questionnaire survey was conducted among 
all employees of the company in the first half of every second year starting from 2003. 
The questionnaires were distributed in the workplaces, filled in during the working 
hours, and the closed response envelopes were collected and sent to the researchers. 
The forms were not addressed to individual employees, thus no reminders could be 
sent. The respondents provided written consent for linking the survey data with data 
on age, gender and occupational status obtained from the personnel registers of the 
company. The study was financially supported by the Finnish Work Environment 
Fund. This study was approved by the ethics committee of Pirkanmaa Hospital 
District.

5.2 Subjects in Studies I–III
The subjects in Studies I, II and III were those who participated in the questionnaire 
survey conducted among all employees of the company in 2005 (N = 1,201, response 
rate 61%) and in 2009 (N = 1,398, response rate 72%). Of the respondents in 2005, 
734 subjects (61 %) also participated in the survey in 2009.

5.3 Subjects in Study IV
The data for the Study IV was based on the companies’ sickness absence register 
and questionnaires regarding musculoskeletal pain and work environmental factors.  
Information on age, gender and sickness absence diagnoses of all employees 
employed in the period 2005–2008 was obtained from the personnel register. In 
addition to the dates when the sickness absences started and stopped, the place 
at which the certificates were issued, as well as the diagnosis, according to the 10th 
revision of the International Classification of Diseases (ICD-10), was recorded to be 
used by occupational health care for statistics about the health of the personnel. The 
duration of job contract represents the “time at risk”, from which the time absent from 
work for reasons other than sickness absences was subtracted. 
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5.4 Measurement of the variables

5.4.1 Multi-site musculoskeletal pain

Musculoskeletal pain was assessed by modified questions from the validated Nordic 
Musculoskeletal Questionnaire (Kuorinka et al. 1987) with a question on pain, ache 
or numbness in four anatomical areas (hands or upper extremities; neck or shoulders; 
low back and feet or lower extremities) during the preceding week on a scale from 0 
(not at all) to 10 (very much). Each reply scale was dichotomised from the median 
(less than median: 0 = no, and more than median: 1 = yes). The cut-off values for pain 
in the upper extremities, neck and shoulder, low back and lower extremities were 4, 
5, 2 and 2 respectively. All four dichotomised variables were summed and the sum 
variable was expressed in the number of areas with pain (from 0 = no pain to 4 = 4 
pain sites). The dichotomous variable ‘multi-site pain’ was also created by further 
combining 2, 3 and 4 pain sites (0 and 1 pain site as ‘no multi-site pain’).

5.4.2 Work ability

Work ability was reported as an assessment of current work ability compared with a 
person’s self-identified lifetime best (i.e. with the question “Assume that your work 
ability at its best has a value of 10 points. What score would you give your current 
work ability?”). This question is part of the seven-item Work Ability Index (Tuomi et 
al. 1998) and the currently used single item was strongly associated with the whole 
index (Ahlstrom et al. 2010). Work ability scores ranged from 0 (unable to work) 
to 10 (work ability at its best) and were categorized into four groups according to a 
cross-sectional population study (Gould et al. 2008), with the following cut-off points; 
excellent (score 10), good (score 9), moderate (score 8) and poor (scores 0–7) work 
ability. However, for the regression analysis, work ability was dichotomized as poor 
work ability (scores 0–7) and good work ability (scores 8–10).

5.4.3 Sickness absence

The sickness absence variable was measured as the rates per person-year for short 
(1–3 days) and long (4 or more days) spells, for sickness absence spells due to 
musculoskeletal diagnoses (4 or more days) and sickness absence days due to MSD. 
A physician’s certificate was required for long-term sickness absence whereas short-
term absences could be certified by a nurse or the worker him/herself in the case of 
white-collar workers.
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5.4.4 Environmental factors

An index of environmental exposures at work was constructed from the questions 
concerning the occurrence of draughts, noise, poor indoor climate, heat, cold, poor 
lighting and restless work environment by summing the replies (scale from 1 = not at 
all to 5 = very much) into a score ranging from 7 to 35. The variable was then further 
categorized into ‘low’ (7–19) and ‘high’ (≥ 20) environmental exposure by the median 
value. The Cronbach’s alpha of the index was 0.71.

5.4.5 Biomechanical factors

Biomechanical exposure was addressed with questions about the occurrence of 
repetitive work and awkward work postures, giving a choice on a 5-point (1 = not at 
all, 5 = very much) Likert scale. The variables were dichotomized by their median 
values to ‘low’ (1–2) and ‘high’ (≥ 3) exposure. 

5.4.6 Psychosocial factors

Job satisfaction was assessed with a question ‘how satisfied are you with your work?’ 
on a scale 0 (totally dissatisfied) to 10 (highly satisfied) and classified to 3 equal 
categories from the tertiles for e.g. low (0–7), medium (8) and high (9–10). 

Variables incentive and participative leadership (6 items, e.g.: “My manager pays 
attention to my suggestions and wishes), team spirit (6 items, e.g.: “My colleagues 
discuss improvements to work and/or the work environment) and opportunities 
to exert influence at work (5 items, e.g.: “The organization allows its employees an 
opportunity to set their own goals”) were created by summing the response scores 
and divided by number of variables measured on a 5-point Likert scale from 1 (totally 
disagree/very probably not) to 5 (totally agree/very probably) (Ruohotie 1993). These 
three psychosocial factors were further categorized into three equal parts from their 
tertile values. The cut-off values for incentive and participative leadership were 3.16 
and 3.83. Similarly, the cut-off values for team spirit were 3.16 and 3.66 also for the 
opportunities to exert influence at work were 3.00 and 3.60. The Cronbach’s alphas of 
these measures from the reliability test varied between 0.68 and 0.85.

5.4.7 Covariates

Age, gender and occupational status (blue-collar and white-collar), body mass index 
(BMI) and the level of leisure-time physical activity were included in the analysis as 
covariates that may confound the relationships of work environmental factors and 
musculoskeletal pain with work ability. The level of physical activity during the past 
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month was elicited on a scale from 0 (not at all) to 7 (vigorous physical activity for 
more than 3 hours a week).

The variables and their roles as outcomes, determinants or covariates and statistical 
analyses in the original studies are summarized in Table 4 below.
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5.5 Statistical analysis
5.5.1 Descriptive statistics

A summary of the statistical analyses used in the original studies is presented in Table 
4. In Studies II, III and IV means and frequency distributions were used to analyse 
the descriptive data. Pearson’s chi-square test was used to study the difference in 
background characteristics, exposure and outcome between study subjects and those 
lost to follow-up in Study I.

5.5.2 Logistic regression analysis

Binomial logistic regression was the main modelling technique used to study the 
association between the work-related exposures and outcome variables in Studies I, II 
and III. 

In Study I, logistic regression analysis was performed to examine whether baseline 
environmental exposure, biomechanical factors and psychosocial factors were 
associated with multi-site pain after four years of follow-up. The associations were 
presented as odds ratios and their 95% confidence intervals (95% CI). In addition to 
the whole cohort, analyses were conducted separately for those who had multi-site 
pain at baseline ‘persistence of multi-site pain’ and those with no multi-site pain at 
baseline ‘onset of multi-site pain’. The models were built up in 3 steps: Model I: crude 
odds ratios, Model II: adjusted for age, gender and occupational status and lastly 
Model III: includes those covariates considered least likely to affect the association 
between the exposure and outcome variable such as the variables used to adjust for 
Model II and physical exercise and BMI. 

In Study II, logistic regression analysis was conducted to examine whether baseline 
multi-site pain predicted the risk of poor work ability after four years of follow-up. 
Risks were presented as odds ratios and their 95% confidence intervals (95% CI). 
The results of the logistic regression analyses were calculated and presented for 
all employees and separately for those who did not have poor work ability in the 
baseline. The models were built up in 5 steps: Model I: crude odds ratios, Model 
II: adjusted for age, gender and occupational status, biomechanical factors and 
environmental exposures Model III: physical exercise and BMI, Model IV: job 
satisfaction, leadership, team spirit and opportunities to exert influence and Model V 
includes all the covariates from Model II, Model III and Model IV. These analyses 
were also performed stratified by gender, age-group and occupational status, (cut-off 
value median age, i.e., 42 years).
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In Study III, the separate and combined effects of multi-site pain and various work-
related exposures were calculated. New variables were created by combining the 
dichotomous variables into four category variables as follows: (i) neither multi-site 
pain nor adverse work exposure, (ii) multi-site pain but no adverse work exposure, 
(iii) no multi-site pain but adverse work exposure and (iv) multi-site pain and adverse 
work exposure. Logistic regression was performed to examine whether baseline 
multi-site pain or work factors separately or together predicted poor work ability at 
four-year follow-up. The regression analyses were restricted among those with ‘non-
poor work ability’ at baseline. Odds ratios and their 95% confidence intervals (95% 
CI) were calculated. The models were built up in four steps: Model I: adjusted for 
age and gender, Model II: adjusted for the variables in Model I plus occupational 
status, Model III: adjusted for the variables in Model II plus physical or psychosocial 
variables at baseline and Model IV: adjusted for the variables in Model II plus leisure-
time physical activity and body mass index. Age was included into the models as a 
continuous variable throughout the analyses. To assess if work exposures and multi-
site pain modify each other’s effects on work ability, p-values for their interactions 
were derived from the fully adjusted logistic regression models. The nature of those 
interactions was ascertained by stratification according to the level of psychosocial 
and physical factors. 

The combined effect of workplace exposures on multi-site pain was also investigated 
by dichotomizing all seven exposures (low vs. medium/high) and summing the 
dichotomous variables. The sum index was categorized based on the distribution 
(number of exposures 0–2 = low, 3–5 = medium, 6–7 = high).

5.5.3 Generalized Linear Models (GLM)

In Study IV, individual person-years representing “days at risk for sickness absences” 
was calculated from the personal register. Generalized Linear Models (GLM) with 
negative binomial distribution assumption was used to determine associations between 
the occurrence of multi-site pain and sickness absences (long-term sickness absences 
spells and days due to musculoskeletal diagnosis). GLM analysis was performed 
among all employees and also stratified by occupational status. Long-term sickness 
absence spells and sickness absence days were used as dependent variable and a 
“person–years” variable was used as offset variable in the GLM analysis. Rate ratios 
(RR) and 95% confidence intervals (CI) were estimated as a measure of association. 
The models were built up in three steps in each regression analysis: Model I: crude 
rate ratios, Model II: adjusted for age, gender and occupational status, Model III: 
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adjusted for all the factors in Model II plus psychosocial factors (leadership, team 
spirit and opportunities to exert influence) and environmental exposures.

All the analyses were carried out with the statistical package SPSS version 15.0 (for 
Studies I, II and III) and 19.0 for Study IV.
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6. RESULTS

6.1 Basic characteristics of the study population (Studies I–IV)
Of the employees who participated in the follow-up study, 65% were female and 
71% were involved in blue-collar occupations. Mean age of the employees was 40.95 
years, ranging from 20 to 66 years. Less than one-fifth were the youngest age group 
workers while, 28% were in the age group 31–40, 33% in the age group 41–50 and 
21% were in the oldest (51+ years) age group. The frequency of employees with body 
mass index (BMI) is shown in Table 5, according to the distribution, one-fourth of 
the employees had BMI less than 23.0 Kg/m2 and slightly under one-fourth had BMI 
higher than 29.0 Kg/m2. Less than half of the employees reported taking moderate 
physical exercise, while 22% reportedly took very little or no physical exercise 
in the month just before the survey. Table 5 also shows the level of physical and 
psychosocial exposure for all employees. 

There were 63% female and 75% blue-collar employees (total 1,201) participants in 
Study IV. The mean age of the employees was slightly lower (40.64 years) than that of 
the employees who continued in the questionnaire survey in 2009 (Table 5).
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Table 5: Basic characteristics of the study population at baseline year 2005

Studies I–III Study IV
N=734 % N =1201 %

Gender
Female 480 65 759 63
Male 254 35 442 37
Age (years)
20–30 132 18 259 22
31–40 206 28 349 29
41–50 244 33 303 27
51+ 152 21 290 22
Occupational status
Blue-collar workers 524 71 901 75
White-collar workers 210 29 300 25
BMI (kg/m2)
<23.0 180 25 308 26
23.0–25.9 230 31 347 29
26.0–28.9 153 21 241 20
>29.0 171 23 305 25
Physical exercise
Not at all or only little 164 22 271 23
Moderate 324 45 524 44
Much 246 33 406 33
Physical working conditions (mean, SD)
Environmental factors (7–35) 18.0 (5.5) – 18.4 (5.5) –
Biomechanical factors –
Repetitive movements (1–5) 3.1 (1.3) – 3.1 (1.3) –
Awkward postures (1–5) 2.9 (1.3) – 3.0 (1.2) –
Psychosocial factors (mean, SD)
Job satisfaction † (0–10) 7.4 (1.8) – 7.3 (1.9) –
Leadership (1–5) 3.5 (0.7) – 3.4 (0.7) –
Team Spirit (1–5) 3.5 (0.7) – 3.4 (0.7) –
Opportunities to exert influence (1–5) 3.4 (0.7) – 3.4 (0.7) –

    †  Used only in Studies I and II
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6.2 Occurrence of multi-site pain (Study I)
The distribution and occurrence of multi-site pain among the employees at baseline 
and follow-up year are shown in Table 6. More than one fourth did not have any 
pain at baseline, 15% had pain at one site, 20% in two sites, 15% in three sites and 
22% had pain at four sites at baseline. Multi-site pain (counting pain at two or more 
sites) was found among 57% of the employees at baseline, while at follow-up 51% 
reported pain at more than one site. About one-third of the respondents did not have 
multi-site pain. Among those with multi-site pain at baseline, the persistence of multi-
site pain at follow-up was 69% (data not shown). Figure 2 shows a histogram of the 
differences in the total number of pain sites between 2005 and 2009. The difference in 
the total number of pain sites had increased during the follow-up year. Figure 3 shows 
the prevalence of multi-site pain in different age groups of employees at follow-up. 
Pain (either only one site or multi-site) increased continuously, peaked in middle age 
(41–50 years) and started to decrease in older age. Pain at four sites was very common 
among employees aged 41–50. 

Table 6: Distribution and occurrence of outcome variables

Outcome variables

Baseline year
2005

Follow-up year
2009

N % N %
Study-I (N=734)
Multi-site pain
– no pain † 213 28 237 32
– one site 108 15 127 17
– two sites 147 20 125 17
– three sites 107 15   94 13
– four sites 159 22 151 21
Studies II & III (N=734)
Work ability
Poor 106 15 161 22
Moderate 235 32 228 31
Good 274 37 238 33
Excellent 119 16 107 14
Study IV (N=1201)
Long-term sickness absence (≥4 days)
Spells per person year – –   1.32
Spells due to MSD – –   0.60
Sickness absence days
Per person year – – 68.41
Due to MSD per person year – – 25.43

  † Includes missing values
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Figure 2: Distribution of the differences between number of pain sites in 2005 and 
2009

Figure 3: Multi-site pain in the follow-up year in different age groups
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6.3 Work ability as an outcome (Studies II and III)
The distribution of poor, moderate, good and excellent work ability at baseline and 
at follow-up year are presented in Table 6. Among the 734 subjects, 106 subjects 
(15%) reported poor work ability at baseline, while 16% reported that their work 
ability was excellent. In the follow-up year, poor work ability increased by 7%, 
while excellent work ability was decreased by 2%. In the follow-up year poor work 
ability was more prevalent among older employees than their younger counterparts 
(25% vs. 20%) (data not shown). Work ability at follow-up among all employees in 
different age groups showed that poor work ability improved slightly until middle age 
(41–50 years) and rapidly declined in old age (Figure 4). Similarly, excellent work 
ability increased with decreasing age. Figure 5 shows the association of work ability 
at follow-up with the number of pain sites at baseline. Poor work ability became more 
common as the number of pain sites increased. Similarly excellent work ability was 
more prevalent among those with no pain at baseline.

6.4 Sickness absence as an outcome (Study IV)
In the period 2005–2008, altogether 5,449 short spells, 4,052 long spells due to any 
reason, 1,979 MSD spells (4 or more days) and 25,765 MSD days of sickness absence 
were recorded for 1, 201 participants. About 65% had at least one episode of long-
term sickness absence and more than 40% had sickness absence spells (more than 
4 days) at least once due to MSD. During the study period, sickness absence was 
recorded at 68.41 days per person-year, and 25.43 days per person-year due to MSD.
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Figure 4: Work ability for amployees at follow-up in different age groups

Figure 5: Multi-site pain at baseline and work ability after four years of follow-up
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6.5 Determinants of multi-site pain (Study I)
Table 7: Odds ratios with 95% CI for multi-site pain at follow-up year related to 
baseline variables among all employees

All
N=734

No. of 
cases†

OR (95% CI)
Model I Model II Model III Model IV

Physical working condition
Environmental factor
Low 248 100 1.0 1.0 1.0 1.0
Medium 259 123 1.4 (0.9–1.9) 1.3 (0.9–1.9) 1.4 (1.0–2.0) 1.1 (0.7–1.7)
High 213 141 3.0 (2.0–4.4) 2.8 (1.9–4.3) 3.2 (2.1–4.8) 1.7 (1.1–2.8)
Biomechanical factors
Repetitive work
Low 239   77 1.0 1.0 1.0 1.0
Medium 220 115 2.3 (1.5–3.3) 2.2 (1.5–3.3) 2.5 (1.7–3.7) 1.6 (1.0–2.5)
High 273 178 4.0 (2.7–5.8) 4.0 (2.6–6.0) 4.2 (2.9–6.2) 2.1 (1.4–3.4)
Awkward work postures
Low 267   94 1.0 1.0 1.0 1.0
Medium 235 121 2.0 (1.4–2.9) 2.1 (1.4–3.2) 2.3 (1.6–3.3) 1.6 (1.0–2.6)
High 230 154 4.1 (2.8–6.0) 4.6 (3.0–7.2) 4.2 (2.8–6.2) 2.2 (1.3–3.7)
Psychosocial factors
Job satisfaction
High 182   75 1.0 1.0 1.0 1.0
Medium 267 123 1.2 (0.8–1.8) 1.2 (0.8–1.8) 1.3 (0.9–1.9) 1.0 (0.6–1.5)
Low 283 172 2.3 (1.6–3.4) 2.4 (1.6–3.6) 2.3 (1.5–3.4) 1.5 (0.9–2.3)
Leadership
Good 253 109 1.0 1.0 1.0 1.0
Intermediate 214 120 1.0 (0.7–1.4) 0.9 (0.6–1.3) 1.1 (0.7–1.6) 0.9 (0.6–1.4)
Poor 240 140 1.3 (0.9–2.0) 1.3 (0.9–1.9) 1.3 (0.9–2.0) 1.1 (0.7–1.7)
Team spirit
Good 275 122 1.0 1.0 1.0 1.0
Intermediate 174 101 0.9 (0.7–2.3) 0.8 (0.6–1.2) 1.0 (0.7–1.4) 1.1 (0.7–1.8)
Poor 258 147 1.6 (1.1–2.3) 1.3 (0.9–2.0) 1.6 (1.1–2.4) 1.1 (0.7–1.6)
Opportunities to exert influence
Good 232   89 1.0 1.0 1.0 1.0
Intermediate 246 123 1.7 (1.2–2.5) 1.7 (1.1–2.5) 1.6 (1.1–2.4) 1.4 (0.9–2.2)
Poor 253 156 2.6 (1.8–3.8) 2.5 (1.6–3.8) 2.6 (1.8–3.8) 1.7 (1.1–2.7)

Model I: crude odds ratios
Model II: adjusted for age, gender and occupational status
Model III: Model II + physical exercise and body mass index 
Model IV: Model III + baseline pain
  †  No. of subjects with multi-site pain at follow-up

Table 7 shows the unadjusted and adjusted risks for multi-site pain at follow-up 
related to baseline physical and psychosocial risk factors among all employees. 
Physical work exposures (environmental exposure, repetitive task and awkward 
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work postures) at baseline were strongly associated with multi-site pain at follow-up 
with a dose-response relationship. The highest risk increases were related to the high 
exposure to repetitive work and awkward work postures, more than 4-fold (adjusted 
OR for repetitive work = 4.2, 95% CI 2.9–6.0, and for awkward work postures 4.2, 
95% CI 2.8–6.0). Low job satisfaction, low team spirit and few opportunities to exert 
influence at work at baseline also strongly predicted multi-site pain. Few opportunities 
to exert influence especially increased the risk of multi-site pain at follow-up, with an 
adjusted odds ratio of 2.6 (95% CI 1.8–3.8). In general, adjustment for age, gender 
and occupational status affected the risks minimally, if at all. Further adjustment for 
BMI and physical exercise mainly strengthened the risks. When baseline pain was 
also controlled for, the risks diminished but remained elevated for physical exposures 
and opportunities to exert influence at work.  

Biomechanical factors such as repetitive work and awkward work postures were 
consistently associated with both onset of MSP among those with no MSP at baseline 
and also the persistence of MSP throughout each adjustment. Environmental exposure 
was associated with only onset of MSP while opportunity to exert influence was 
associated with persistence of MSP after adjusting for several confounding factors.

Table 8: Risk of multi-site pain at follow-up related to the number of exposures at 
baseline (sum index of environmental, biomechanical and psychosocial exposures) 
among all employees

All
N=734 No. of cases†

OR (95% CI)
Model I Model II Model III Model IV

No. of exposures
0–2 (low) 123   37 1.0 1.0 1.0 1.0
3–5 (medium) 257 128 2.3 (1.5–3.6) 2.5 (1.5–4.0) 2.7 (1.6–4.4) 1.8 (1.1–3.0)
6–7 (high) 312 198 4.0 (2.6–6.3) 4.6 (2.7–7.7) 4.9 (2.9–8.3) 2.2 (1.2–4.0)

Model I: crude odds ratios
Model II: adjusted for age, gender and occupational status
Model III: Model II + physical exercise and body mass index 
Model IV: Model III + baseline pain
  †  No. of subjects with multi-site pain at follow-up

Table 8 indicates a strong dose-response relationship between workplace exposures at 
baseline and multi-site pain at follow-up. 
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6.6 Predictors of poor work ability at follow-up (Studies II and III)
Adjusted risk estimates of poor work ability at follow-up in relation to baseline multi-
site pain, psychosocial exposures and their combinations among all employees are 
shown in Table 9. In the fully adjusted Model III, an increased risk of future poor 
work ability was either due to the presence of multi-site pain or both exposures except 
for job satisfaction. In the adjusted models, multi-site pain increased the risk of future 
poor work ability with OR of 2.6 (95 % CI 1.4–5.2) when leadership was assessed to 
be good, with OR of 1.8 (95% CI 1.0–3.3) when opportunities to exert influence at 
work were good, and with OR of 3.1 (95% CI 1.7–5.7), when team spirit was good. 
Poor job satisfaction in the absence of multi-site pain also predicted poor work ability 
at follow-up even more strongly than multi-site pain alone (Model III: OR = 3.4, 
95% CI 1.7–7.0). However, poor leadership, poor opportunities to exert influence and 
poor team spirit were not predictive of poor work ability separately from multi-site 
pain when all covariates were considered.

Table 9: Separate and combined effects of multi-site musculoskeletal pain (MSP) 
and psychosocial working conditions on poor work ability at follow-up among all 
employees. Logistic regression analysis, odds ratios (OR) with 95% confidence 
intervals 

All subjects 
(N =734)

No. of subjects with 
poor work ability (%)

OR (95%CI)
Model I Model II Model III

MSP / Poor Job Satisfaction  
No / No 236 21   (9) 1.0 1.0 1.0
Yes / No  215 49 (23) 3.0 (1.7–5.2) 2.7 (1.5–4.7) 2.9 (1.6–5.2)
No / Yes   85 22 (26) 3.6 (1.8–6.9) 3.2 (1.6–6.3) 3.4 (1.7–7.0)
Yes / Yes 198 69 (35) 5.5 (3.2–9.4) 4.6 (2.5–8.3) 5.0 (2.6–9.3)
MSP / Poor leadership    
No / No 163 16 (10) 1.0 1.0 1.0
Yes / No 179 45 (25) 3.1 (1.7–5.7) 2.5 (1.3–4.8) 2.6 (1.4–5.2)
No / Yes 155 26 (17) 1.9 (1.0–3.6) 1.5 (0.8–3.1) 1.6 (0.8–3.2)
Yes / Yes 237 74 (31) 4.2 (2.3–7.5) 3.1 (1.6–5.7) 3.2 (1.7–6.2)
MSP / Poor opportunities to exert influence
No / No 180 23 (13) 1.0 1.0 1.0
Yes / No  200 50 (25) 2.3 (1.3–3.9) 2.0 (1.1–3.5) 1.8 (1.0–3.3)
No / Yes 141 20 (14) 1.1 (0.6–2.1) 1.1 (0.5–2.1) 0.9 (0.5–1.9)
Yes / Yes 213 68 (32) 3.2 (1.9–5.4) 2.5 (1.4–4.5) 2.5 (1.4–4.6)
MSP / Poor team spirit    
No / No 208 22 (11) 1.0 1.0 1.0
Yes / No 193 53 (28) 3.2 (1.9–5.5) 2.8 (1.6–5.1) 3.1 (1.7–5.7)
No / Yes 114 21 (18) 1.9 (1.0–3.6) 1.6 (0.8–3.2) 1.8 (0.9–3.8)
Yes / Yes 219 65 (30) 3.6 (2.1–6.1) 2.6 (1.4–4.8) 2.9 (1.5–5.5)

Model I: Crude odds ratios
Model II: age, gender, occupational status, biomechanical factors and environmental exposure at baseline
Model III: Model II + physical exercise and BMI



58

Table 10 shows the adjusted risk estimates of poor work ability at follow-up in 
relation to baseline multi-site pain, biomechanical and work environmental exposures, 
and to the combinations of multi-site pain with these exposures. Work environmental 
exposures (Model III, OR = 2.4, 95% CI 1.2–5.2) and awkward postures (OR = 5.8, 
95% CI 2.4–14.5) as well as multi-site pain (OR = 3.6, 95% CI 1.9–6.6 and OR = 7.0, 
95% CI 2.8–17.2 respectively) were separately predictive of poor work ability. The 
combined effect of multi-site pain with poor work environment or awkward postures 
was normal in size compared with the separate effects in the fully adjusted models. 
Exposure to repetitive movements did not influence work ability after adjusting for 
all covariates, while the combination of multi-site pain with repetitive movement 
influenced work ability (OR = 3.8, 95% CI 2.0–7.5). 

Table  10: Separate and combined effects of multi-site musculoskeletal pain (MSP) 
and physical working conditions on poor work ability at follow-up among all 
employees. Logistic regression analysis, odds ratios (OR) with 95% confidence 
intervals (CI)

All subjects 
(n =734)

No. of subjects with 
poor work ability (%)

OR (95%CI)
Model I Model II Model III

MSP / Poor work environment   
No / No 222 21 (10) 1.0 1.0 1.0
Yes / No  175 45 (26) 3.3 (1.9–5.8) 3.3 (1.8–6.0) 3.6 (1.9–6.6)
No / Yes   99 22 (22) 2.7 (1.4–5.3) 2.1 (1.0–4.3) 2.4 (1.2–5.2)
Yes / Yes 238 73 (31) 4.2 (2.5–7.2) 3.2 (1.8–5.8) 3.5 (1.9–6.5)
MSP / Awkward postures  
No / No 167 9 (5) 1.0 1.0 1.0
Yes / No 102 25 (25) 5.7 (2.5–12.8) 6.0 (2.6–14.2) 7.0 (2.8–17.2)
No / Yes 154 34 (22) 5.0 (2.3–10.8) 4.8 (2.1–11.4) 5.8 (2.4–14.5)
Yes / Yes 311 93 (30) 7.5 (3.7–15.3) 7.0 (3.1–15.5) 7.8 (3.3–18.3)
MSP / Repetitive movements   
No / No 159 16 (10) 1.0 1.0 1.0
Yes / No   82 19 (23) 2.7 (1.3–5.6) 2.6 (1.2–5.6) 3.0 (1.4–6.7)
No / Yes 162 27 (17) 1.8 (0.9–3.5) 1.6 (0.8–3.4) 2.0 (0.9–4.4)
Yes / Yes 331 99 (30) 3.8 (2.2–6.7) 3.4 (1.8–6.3) 3.8 (2.0–7.5)

Model I: Crude odds ratios
Model II: age, gender, occupational status and psychosocial factors at baseline
Model III: Model II + physical exercise and BMI
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6.7 Association of sickness absence with MSP (Study IV)
Table 11 shows the rate ratios for sickness spells due to MSD. The graded association 
of long spells due to MSD with multi-site pain was found in crude rate ratios (Model 
I). Employees with 4-site pain had 2.31-fold more probability of having long-term 
sickness spells due to MSD (RR = 2.31, 95% CI 1.85–2.87). However, when the 
model was adjusted for age, gender and occupational status then only three and four-
site pain remained significantly associated with sickness absence spells due to MSD. 
The trend remained consistent when further adjustment was made for physical and 
psychosocial factors (Model III) and all factors together (Model IV).

Table 11: Rate ratio (RR) and 95% confidence intervals (CI) for sickness absence 
spells due to MSD with multi-site pain 

Sickness absence spells due to MSD, RR (95% CI)
Model I Model II Model III Model IV

Multi-site pain
– no pain 1.0 1.0 1.0 1.0
– one site 1.15 (0.89–1.48) 1.03 (0.79–1.35) 1.12 (0.86–1.46) 1.01 (0.77–1.34)
– two sites 1.47 (1.16–1.87) 1.25 (0.97–1.60) 1.27 (0.99–1.63) 1.17 (0.90–1.52)
– three sites 2.28 (1.79–2.89) 2.03 (1.58–2.61) 1.61 (1.24–2.09) 1.74 (1.32–2.28)
– four sites 2.31 (1.85–2.87) 1.74 (1.39–2.20) 1.60 (1.25–2.04) 1.47 (1.14–1.89)

Model I: crude odds ratio
Model II: adjusted for age, gender and occupational status
Model III: adjusted for physical and psychosocial factors
Model IV: adjusted for Model II + Model III

Table 12 shows the rate ratios for sickness absence days due to MSD. Employees 
with four-site pain had 2.41-fold risk of having sickness absences due to MSD than 
those with no pain (RR = 2.41, 95% CI 2.01–2.90). After adjusting for age, gender 
and occupational status in Model II, the association became weaker but still remained 
significant except for one-site pain. However, one-site pain was associated with 
sickness absence days due to MSD when further adjustment was made with physical 
and psychosocial factors at work (Model III). The association became still weaker 
when all the variables were adjusted together in the full model (Model IV).
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Table 12: Rate ratio (RR) and 95% confidence intervals (CI) for sickness absence 
days due to MSD with multi-site pain

Sickness absence days due to MSD, RR (95% CI)
Model I Model II Model III Model IV

Multi-site pain
– no pain 1.0 1.0 1.0 1.0
– one site 1.18 (0.96–1.44) 1.02 (0.83–1.26) 1.32 (1.07–1.63) 1.06 (0.85–1.31)
– two sites 2.07 (1.71–2.50) 1.41 (1.15–1.73) 1.96 (1.61–2.39) 1.32 (1.07–1.64)
– three sites 2.10 (1.72–2.57) 1.87 (1.51–2.30) 1.65 (1.34–2.03) 1.61 (1.26–2.01)
– four sites 2.41 (2.01–2.90) 1.82 (1.50–2.21) 1.87 (1.53–2.27) 1.60 (1.30–1.97)

Model I: crude odds ratio
Model II: adjusted for age, gender and occupational status
Model III: adjusted for physical and psychosocial factors
Model IV: adjusted for Model II + Model III

Associations of MSP with sickness absence spells and days due to MSD were found 
to be strong among both white-collar and blue-collar employees. However, a threshold 
in the rate ratios was found between two-site and three-site pain among white-collar 
employees, whereas among blue-collar employees the threshold was rather between 
one-site and two-site pain (data not shown).



61

7. DISCUSSION

7.1 Summary of findings
Multi-site musculoskeletal pain was very common in this study population (57% 
prevalence). Baseline physical and psychosocial factors at work predicted MSP four 
years later. MSP at baseline had a strong association with poor self-perceived work 
ability. MSP had a clear separate impact on poor work ability, which was stronger 
than the combined effects including working conditions. MSP also strongly predicted 
long-term sickness absence spells and days due to MSD among both white-collar and 
blue-collar employees.

7.2 Comparison with earlier studies
7.2.1 Occurrence of multi-site pain

This follow-up study corroborates the current evidence that musculoskeletal pain 
at multiple body sites is currently a common and persistent phenomenon among 
working people. More than two-thirds of the employees in this study reported multi-
site pain either at the beginning or the end of the 4-year follow-up period, and 40% 
had multi-site pain at both time points. This finding that multi-site pain was common 
in this study population is consistent with the findings of earlier studies (Haukka et 
al. 2006; Solidaki et al. 2010). Among municipal kitchen workers in Finland, 73% 
of the workers reported pain at at least two sites during the preceding three months 
(Haukka et al. 2006). Multi-site pain during the preceding12 months was also reported 
to be as common as 66% among Greek employees (Solidaki et al. 2010). Among a 
representative sample of actively working Finnish adults, multi-site pain was reported 
by 34% of the sample (Miranda et al. 2010). Another population based study from the 
UK also found that multi-site pain was reported by 33% of the study sample (Carnes 
et al. 2007). Among the general working population of Norway, Kamaleri et al. 
(2008a) reported 52% prevalence of multi-site pain. In the present study, of those with 
multi-site pain at baseline, 69% also experienced persistent pain at follow-up. This 
shows that multi-site pain is likely to persist once established (Kamaleri et al. 2009; 
Papageorgiou et al. 2002). Multi-site pain also had a high persistence rate: 84% of the 
workers with multi-site pain at baseline reported it at two-year follow-up (Haukka et 
al. 2012). The average number of pain sites appears to be established by age 20 and 
little variation occurs thereafter (Croft, 2009; Kamaleri et al. 2009). About 15% of 
the employees in this study had new onset of multi-site pain at follow-up. Among the 
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cohorts of newly employed workers in UK, the new onset rate of widespread pain was 
also 15% at 12 months and 12% at 24 months (Harkness et al. 2004). More than one-
fourth of the employees did not have pain at baseline while at follow-up the number 
increased to almost one-third.

Among different age groups of employees, those aged 20–30, 31–40, 41–50 and 
51+ years, the occurrence of MSP at follow-up was 46, 57, 57 and 55% respectively. 
Similarly among male employees the occurrence of MSP at follow-up was less than 
among females (48% vs. 58%). A difference in the occurrence of MSP among males 
and females was also reported in some earlier studies. Among the general population 
of Norway, Kamaleri et al. (2008a) reported that 62% of females and 45% of males 
had experienced MSP during the past week. Widespread pain was more often reported 
by women than men among the general population in another study (Øverland et al. 
2011). Blue-collar employees reported MSP more often than white-collar employees 
(58% vs. 47%) (data not shown). 

A study from Finland showed earlier that pain is a very common complaint among 
Finnish population. One third of the people aged 15–74 years reported experiencing 
chronic pain. In the same study one week prevalence of any pain was reported to be 
79.5% (Turunen, 2007). In this dissertation one week prevalence of any pain was 
reported by 72% of the employees in the baseline year. The results are somewhat 
comparable although this study was among industrial employees in the age group 20–
64 years.

7.2.2 Determinants of multi-site pain

The result of this study shows a dose-response relationship between exposures at 
work and multi-site pain. Biomechanical factors, such as repetitive work and awkward 
work postures as well as psychosocial factors, such as low job satisfaction and poor 
opportunities to exert influence at work, showed an equally strong graded association 
with multi-site pain at follow-up. Environmental exposures also increased the risk of 
multi-site pain. Several earlier studies have also found that work-related mechanical, 
psychosocial, environmental (Harkness et al. 2004), and psychosocial factors 
(Solidaki et al. 2010) predict multi-site pain among employees. There is evidence 
that exposure to repetitive motion patterns; forceful exertion and body postures 
(both dynamic and static) may cause musculoskeletal disorders at single or multiple 
anatomical sites (Punnett and Wegman 2004). Baseline awkward work posture was 
the strongest predictor (adjusted OR = 2.2, 95% CI 1.3–3.7) of MSP at follow-up 
among all employees in our study. Awkward posture remained the strongest predictor 
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(adjusted OR = 4.2, 95% CI 1.9–9.3) of MSP at follow-up among the employee 
cohort who had no multi-site pain at baseline. Among female kitchen employees 
who perceived their physical workloads to be high at baseline had an increased risk 
(OR = 4.6, 95% CI 2.2–9.7) of multi-site pain at two-year follow-up (Haukka et al. 
2012). High perceived physical workload also increased the risk of MSP with odds 
ratios increasing 2–4-fold with increasing number of pain sites among dentists 
(Alexopoulos et al. 2004). Solidaki et al. (2010) also found a strong and graded 
relationship of the combination of various physical exposures with number of pain 
sites among Greek employees. In their study, the physical exposure was composed 
of heavy lifting, working with hands above the shoulder level, repeated bending and 
straightening of the elbow, repeated wrist-hand movements, and kneeling, squatting or 
climbing stairs. We found strong graded associations with MSP in our study after four 
years when all the exposure variables at baseline were combined.

In our study psychosocial factors, especially low job satisfaction and poor 
opportunities to exert influence (corresponding to job control), predicted pain at 
multiple body sites in four years of follow-up. Our findings are consistent with 
some earlier studies. Low job control and low supervisor support were the strongest 
predictors of multi-site pain 3 months later among kitchen workers (Haukka et al. 
2011). Among newly employed workers, low job satisfaction and low social support 
increased the risk of widespread pain 2 years later (Harkness et al. 2004). Intermediate 
(OR = 2.9, 95% CI 1.4–6.0) and high (OR = 2.2, 95% CI 1.0–4.5) levels of adverse 
psychosocial factors at work at baseline also increased the risk of MSP at follow-up 
(Haukka et al. 2012). 

Among the lifestyle factors, high BMI, low leisure-time physical activity and smoking 
were also associated with MSP at baseline in Norwegian population (Kamaleri et al. 
2009). Low and moderate leisure-time physical activity at baseline and obesity were 
connected with a persistently high prevalence of MSP among kitchen workers in 
Finland (Haukka et al. 2012). However, we did not find any significant impact of BMI 
and leisure-time physical activity on MSP in our study.

7.2.3 Consequences of MSP and working conditions for work 
          ability

The results of this study showed that poor self-perceived work ability was 
considerably more common among employees over the four years of follow-up 
(about 50% increase in  prevalence) and that the number of concurrent painful body 
sites is a strong predictor of future self-perceived poor work ability. Multi-site pain 
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at baseline increased the risk of poor work ability even after controlling for baseline 
work ability and after exclusion of those with poor work ability at baseline. Moreover, 
the relatively minor confounding effect of the various covariates (including several 
work-related confounders), as well as the dose-response increase in the risks further 
strengthen the evidence that multiple-site pain is a strong predictor of poor work 
ability. The results of our studies are consistent with earlier findings. Multi-site pain 
predicted work disability and disability pension for any health reason 14 years later in 
a study by Kamaleri et al. (2009). The risk of reporting poor work ability due to MSP 
was also higher (age and gender adjusted prevalence ratio up to 8) among the general 
population of Finland (Miranda et al. 2010). Natvig et al. (2010) also reported that 
widespread pain was associated with disability. Widespread pain was a very strong 
predictor for later disability pension even after adjusting for several confounders 
(Øverland et al. 2011). 

The separate and combined effect of multi-site pain and exposures to adverse physical 
and psychosocial working conditions shows that MSP has a marked influence on 
the development of work ability, and even though several psychosocial and physical 
factors are strongly related to poor work ability among workers without multiple 
pain symptoms, they contribute relatively little to the considerably elevated risk 
of poor work ability among workers with multi-site pain. The contribution was 
mainly derived from poor leadership and team spirit, high awkward work postures 
and repetitive work. For example, a 2.6-fold risk of poor work ability at follow-up 
among workers with multi-site pain increased up to 3.3-fold when they were also 
exposed to poor leadership.  The results of our study also support findings showing 
that high physical workload and high environmental exposures increase the risk 
of poor work ability (van der Berg et al. 2009). Current work performance, health 
problems and associated consequences for functioning and sick leave, work-related 
physical and psychosocial factors were found to be the important predictive factors 
of lower work ability among Dutch construction workers (Alavinia et al. 2009). In 
another study on female workers, poor self-perceived physical health and unskilled 
work were the strongest factors associated with reduced work ability (Gamperiene et 
al. 2008). Another study from a Finnish food industry company showed that long-term 
exposure to cold working conditions may constitute a risk for work ability impairment 
(Sormunen et al. 2009).
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7.2.4 Consequences of MSP for sickness absence

The results of this study showed that multi-site musculoskeletal pain predicts long 
term sickness absence spells and also strongly predicts sickness absence days due to 
musculoskeletal diagnosis (MSD). 

A previous study from Norway among workers in the aluminium industry showed 
that widespread pain and low back pain were the strongest predictors for long-
term sickness absences due to musculoskeletal disorders (Morken et al. 2003; 
Holtermann et al. 2010). In general, the prevalence of long-term sickness absence 
and sickness absence spells and days due to MSD was found to be high in our study.  
The importance of preventing pain (especially multi-site pain) to decrease sickness 
absence was emphasized in an earlier study (Schell et al. 2012). They found that 
workers with no history of sickness absence experienced less work-related pain, less 
stress, sleep disturbance, and worry about their own health etc.

Blue-collar workers had an increased risk compared to white-collar workers for 
short and long-term sickness absence due to widespread musculoskeletal pain in one 
earlier study among industrial workers (Morken et al. 2003). By contrast, Andersen et 
al. (2011) found a stronger association of multiple site pain with long-term sickness 
absence in white-collar workers than in their blue-collar counterparts. Interestingly, 
our study found a strong association of multi-site pain with sickness absence spells 
among both white-collar and blue-collar employees. However, the size of the effect of 
association of multi-site pain with sickness absence days was slightly higher among 
white-collar employees. A threshold in the association was obtained between two-site 
and three-site pain among white-collar employees, whereas in blue-collar employees 
the threshold was rather between one-site and two-site pain.

In our study, the effect of multi-site pain on short-term sickness absence seemed to 
be minor although the prevalence of short-term absence periods was high. Short-
term sickness absence is assumed to be related to minor or incipient health problems, 
whereas long-term absence is typically thought to reflect unavoidable work disability 
related to serious impairment (Marmot et al. 1995; Vahtera et al. 2004).

7.3 Strengths and limitations of the study
One of the excellences of this study is its follow-up in a prospective design. Another 
advantage is that our study populations were from diverse occupational groups, 
entailing an advantage over other observational epidemiologic study designs in 
investigating causal relationships. In each respective study, exposure variables 
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were assessed prior to the measurement of the outcomes. The response rates to 
the surveys were satisfactory. However, the possibility of selection bias due to 
differential participation at baseline or at follow-up affected our results. Selection 
out of the workforce is more likely to occur among workers with health problems, 
as well as those with the highest exposure levels, leaving the healthiest workers at 
the workplaces, for instance to be selected in cohort studies like ours. Such a bias 
diminishes the associations between workplace exposures and health outcomes. 

In one of the papers we used official register data combined with questionnaire survey 
data to study the association of sickness absence and multi-site musculoskeletal pain 
and other work-related variables. The use of register data makes it possible not only to 
obtain accurate figures regarding length and frequency of sickness absence but also to 
eliminate any recall bias.

The aim of this epidemiologic study was to examine the effect of exposure, 
but sometimes the apparent effect of exposure is actually the effect of another 
characteristic which is associated with the exposure and with the outcome. Theses 
other characteristics are a confounder provided that it is not an intermediate step 
between the exposure and the outcome (Szklo and Nieto, 2000). In each respective 
study, regression analyses were adjusted for several potential confounders. However, 
one weakness of this study is that we did not measure personal factors such as negative 
affectivity or tendency for somatization that can affect participant reporting behaviour 
for both exposure and outcome. They may cause systematic overestimations and bias 
the association between exposure and outcome. Information on smoking was not 
elicited in this study. 

We also adjusted the analyses for corresponding outcome variables at baseline but 
the results from the model may be underestimations. This is due to the fact that, for 
instance, prior (baseline) pain is known to be the strongest predictor of future pain, 
and the same baseline exposures investigated in this study most likely also caused the 
baseline pain. Baseline corresponding outcome variable could then be considered as 
an intermediate variable between exposures and outcome at follow-up, and adjustment 
for intermediate variables would leave little power to determine the additional effects 
of baseline exposures on outcome variable at follow-up.

The subjects were asked to report pain that had occurred during the past 7 days. 
This timeframe increases the likelihood that pain had truly occurred at multiple 
body sites concurrently and also decreases the likelihood of recall bias. The 
perception of musculoskeletal pain, physical factors and psychosocial were assessed 
by questionnaire; no objective measurements were carried out. However, a self-
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report method appears to be the best (and practically only) way of assessing pain in 
epidemiological studies because of its complex and subjective nature (Crombie et al. 
1999; Natvig et al. 2001). Work ability in this study was measured by a single item 
question. In addition to being a quick and cost-effective method, it has been shown to 
be valid especially for clinical use and its results are easy to interpret (Ahlstrom et al. 
2010). 

In addition to age, gender and occupational status, BMI and physical exercise were 
also considered as confounders since some studies have indicated that lifestyle factors 
are associated with the number of pain sites (Kamaleri et al. 2008a). The quality of 
the psychosocial variables was carefully assessed. The internal consistency of the 
measures of ‘leadership’, ‘team spirit’ and ‘opportunities to exert influence’ proved to 
be good. 

7.4 Study findings in relation to the theoretical framework of  
       the study
Musculoskeletal pain is not due to one single mechanism. Work exposure may act 
in different ways depending upon individual and other work-related factors. Several 
theories and models of work related musculoskeletal pain share many similarities 
(Karsh, 2006; Huang et al. 2002), however the main emphasis of each of the 
models is that physical or psychosocial work exposures lead to responses which are 
moderated by individual factors. One common limitation of all theories is that the 
magnitude and duration of an exposure that leads to certain responses or the length 
of the latency period between exposure and response is not well defined. Some of the 
theories have highlighted the role of psychological mechanisms in the development of 
musculoskeletal pain (Carayon et al. 1999), the working style (Feuerstein, 1996), and 
some have highlighted the influence of demands outside the workplace (Melin and 
Lundberg, 1997).

This study was based on a modified version of the ecological model by Sauter and 
Swanson (1996), which integrates three constituents: physical, psychosocial and 
individual factors. The model shows a pathway from physical factors to tissue damage 
to somatic interpretation. The model also suggests that the relationship between 
biomechanical factors (i.e. internal physiological events) and the development 
of musculoskeletal symptoms is mediated by a complex cognitive process which 
involves the detection and attribution of symptoms.
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Musculoskeletal pain and physical and psychosocial factors seem to be reciprocally 
linked together in this current study. Individual differences may occur e.g. in pain 
sensitivity or in the manner of experiencing the physical and psychosocial working 
environment. Many factors come into play to modify the individual perception, 
such as coping mechanism, motivations, past history of pain, life experiences 
etc. The present results suggest that pain modifies the effect of working conditions 
(both physical and psychosocial) on work ability and sickness absence. The model 
modified from Sauter and Swanson (1996) also shows these reciprocal links between 
musculoskeletal disorders, work organization and psychosocial strain mediated by the 
cognitive process.

The perception of pain may also modify perceived physical working conditions. 
Leisure-time physical exercise may also influence pain perception. 
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8. CONCLUSIONS AND FUTURE IMPLICATIONS

1)	 This study provides new evidence of the frequent occurrence and persistence of 
musculoskeletal pain at multiple body sites in an industrial population. A dose-
response relationship between physical and psychosocial working conditions and 
multi-site pain was found: biomechanical factors, such as repetitive work and 
awkward work postures, as well as psychosocial factors, such as poor opportunities 
to exert influence at work, showed a graded association with multi-site pain. 

2)	 Poor-self perceived work ability was considerably common among industrial 
workers. Multi-site musculoskeletal pain increases the risk of future poor self-
perceived work ability, especially among younger workers. MSP at baseline 
increased the risk of poor work ability even after controlling for baseline work 
ability and after exclusion of those with poor work ability at baseline. 

3)	 This study also found that the decline in work ability connected with multi-site 
pain was not modified by physical or psychosocial working conditions. Among 
workers without multi-site pain symptoms working conditions are associated with 
an increased risk of future poor work ability. 

4)	 This study also indicates that multi-site pain strongly predicts long-term sickness 
absence spells and days among both white-collar and blue-collar employees. 
However, the threshold of pain sites was different among white-collar and blue-
collar employees with lower threshold among blue-collar employees compared to 
their white-collar counterparts.

The prevention of musculoskeletal pain is very challenging as it is multifactorial in 
aetiology, frequent in occurrence, recurrent and subjective in nature. Low birth rates 
with increasing longevity in all developed countries mean that a shrinking proportion 
of the population in the paid workforce now has to support an expanding proportion 
of those not working (the dependency ratio is growing). Effective interventions to 
prevent musculoskeletal pain in multiple body regions at work are needed to tackle 
the work disability and increasing rates of sickness absence, spells and days. The 
results implies that either once multi-site pain has set in, the effects of work-related 
physical and psychosocial factors on work ability or sickness absence are no longer 
important, or that the experience of multi-site pain and the perception of the physical 
and psychosocial work environment are substantially intertwined. The results of this 
study also support the view that simply counting the concurrent pain sites can be used 
to screen for workers with high risk of work disability in e.g., occupational health 
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care practice. In general, widespread pain requires special attention and effective 
preventive measures in order to improve the work ability, reduce the cost due to 
sickness absence and prolong the work careers of working-age people. 



71

Acknowledgements

This dissertation work was carried out at the School of Health Sciences, University 
of Tampere. I am grateful to the University of Tampere for providing me with the 
support and facilities to accomplish this study, the Doctoral Programs in Public Health 
(DPPH) and the pilot Doctoral Programme in Aging Studies (DOPAS), which is a 
joint programme of the University of Tampere and the University of Jyväskylä. 

It is my great pleasure to thank the many people who have made this Dissertation 
possible. First of all, I express my heartfelt gratitude to my two supervisors, Professors 
Clas-Håkan Nygård and Pekka Virtanen, for their expertise and guidance throughout 
the process. My career in this field of research began on the advice of Professor Clas-
Håkan Nygård. I am thankful for all his invaluable guidance, encouragement and 
support throughout these years.  He was always there to offer the needed guidance 
and support, especially when I was greatly in need of funding to conduct my doctoral 
studies. Thank you for believing in me and my work and for providing me with an 
opportunity to work on the MHS programme as a teacher. I am greatly indebted 
to Professor Pekka Virtanen, my second supervisor, for his effective guidance, 
constructive comments and thoughtful suggestions. Working with you has been 
very important for me and for the development of my career. Professor Clas, your 
endless faith in on my work was invaluable, and Professor Pekka, your knowledge of 
scientific writing is beyond compare.

I wish to warmly thank all my co-authors of the original articles included in my 
dissertation for their co-operation. I especially thank Docent Helena Miranda and 
Docent Päivi Leino-Arjas for their valuable suggestions and constructive comments. 
I drew my motivation to work on this research topic from Helena’s paper based on 
the ‘Health 2000 Survey’. Helena and Päivi, you really introduced me to the world 
of epidemiology and multi-site musculoskeletal pain research when I had a different 
topic for my doctoral dissertation. I am also grateful to Anna Siukola, one of the 
important co-authors of all four articles, for her support and help, especially related to 
the data for this dissertation.

I thank the reviewers of my dissertation, Professor Pekka Mäntyselkä and Docent 
Timo Pohjolainen, for their dedication to read my manuscript quickly and for their 
useful comments to improve it. I am also grateful to Professor Monique Frings-Dresen 
of the Coronel Institute for Occupational Health, the Netherlands, for agreeing to act 
as the opponent at the public defence.



72

My sincere thanks to all the Professors and lecturers at the School of Health Sciences, 
University of Tampere, especially Professor Marja Jylhä, for admitting me to the 
DOPAS programme and for all the support she provided. Many thanks to Professor 
Pekka Rissanen, Professor Suvi Virtanen, Professor Arja Rimpelä, Professor Pekka 
Nuorti, Professor Emeritus Matti Hakama, Professor Hannu Oja and Professor 
Tapio Nummi, who taught me at the School of Health Sciences. I am very grateful 
to Catarina Ståhle-Nieminen, the international coordinator at the School of Health 
Sciences for her cheerful and resourceful assistance in each practical matter during 
my study period. I also had an opportunity to work together with her when I was 
working on the MHS programme as a teacher. Thank you Catarina, you made my 
studies and work smoother at the School of Health Sciences. I would like to thank 
Leena Nikkari, student affairs officer at the School of Health Sciences, for the vital 
role played in completing the formalities for this dissertation. I extend my warmest 
gratitude to Virginia Mattila for the quick and careful language correction throughout 
this dissertation process and Aila Helin for technical editing of this dissertation.

I am thankful to all the teachers, researchers and the administrative staff at the School 
of Health Sciences for their support and encouragement, especially Tarja Kinnunen, 
Anna-Maija Koivisto, Tiina Luukkaala, Anne Konu, Tapio Kirsi, Neill Booth, Leena 
Tervonen-Goncalves, Kirsi-Lumme Sandt, Sanna Turpeinen, Merja Järvinen, Tiina 
Immonen, Helena Rantanen, Niina Rainavoue and Raili Lepistö for their co-operation 
during my doctoral study and work in MHS programme. I also thank Heli Koivisto 
for her technical support and assistance during my thesis work. I would like to thank 
Professor Matti Salo, Ulla Harjunmaa and Anna Pulakka of International Health 
Department, Medical School for their support and co-operation during my work on the 
MHS programme. I am very grateful to all the MHS students (both MPH and MIH), 
especially the 2011–2013 intake, for their co-operation and understanding when I had 
a really busy schedule of work and study. It was an excellent opportunity for me to 
work as a teacher with your group.

I would like to sincerely thank to all the members of the ‘occupational health’ research 
group, especially Virpi Liukkonen, Kimmo Vainio, Heikki Karinen, Reetta Heinonen 
and all the others for your comments and suggestions in the research group seminar. 
I am grateful to my friends and fellow students whose support and encouragement 
made my work a lot easier, especially Dr. David Doku and Dr. Bright Nwaru for their 
kind support and advice during different stages of my thesis work. Thanks to Lily 
Nosraty and family for the support and encouragement of my dissertation work. I 
thank my friends Malkiory Matiya, Liudmila Lipiainen, Chioma Nwaru and Salam 
EI-Amin for their support in many ways. Many thanks to my Nepali friends and 



73

brothers, who always encouraged me and provided support during my study period, 
especially Bishwas Hamal, Abhishek Niroula, Bal Krishna Shrestha, Raju Shrestha 
and all my close Nepali friends and their families living in Finland. 

My profound gratitude to my mother Sita Devi Neupane and father the late Rebati 
Raman Neupane for your constant love and inspiration. You did not only give me life, 
but taught me how to live life with dignity, integrity and humaneness. My deepest 
thanks to my brothers and their families Sudeep Neupane and Suman Neupane, my 
sister Shova Acharya and her family and all my relatives for their constant support 
and encouragement. I would like to express my sincere gratitude to my father-in-law 
Shiva Aryal, my mother-in-law Madhu Aryal and my brothers and sisters-in-law for 
their constant care, love, support and encouragement throughout this process.

I am greatly indebted to my beloved wife Binita Aryal Neupane; you have been an 
endless well of support and patience throughout my doctoral studies. Thank you for 
your love and care which encouraged me to complete this study. My dear son Rishabh 
Neupane, your presence made my tough times easier during this dissertation work.  
You gave me the strength and the necessary impetus to complete it.

Finally, I am thankful to the University of Tampere foundation for the financial 
support during the last year of my doctoral studies. My profoundest thanks to 
the company Saarioinen Oy and all the employees who participated in this study. 
Their excellent co-operation made this study possible. Thanks to the Finnish Work 
Environment Fund for the financial support to conduct this research.

Subas Neupane

November 2012, Tampere, Finland





75

References

Adamson G, Murphy S, Shevlin M, Buckle P and Stubbs D (2007): Profiling schoolchildren in 
pain and associated demographic and behavioural factors: a latent class approach. Pain 
129 (3): 295–303.

Ahlström L, Grimby-Ekman A, Hagberg M and Dellve L (2010): The work ability index and 
single-item question: associations with sick leave, symptoms, and health – a prospective 
study of women on long-term sick leave. Scand J Work Environ Health 36(5): 404–412.

Aittomäki A, Lahelma E and Roos E (2003): Work conditions and socioeconomic inequalities 
in work ability. Scand J Work Environ Health 29(2):159–65.

Alavinia SM, Cor van Duivenbooden J and Burdorf A (2007): Influence of work-related factors 
and individual characteristics on work ability among Dutch construction workers. 
Scand J Work Environment & Health 33(5), 351–357.

Alexopoulos EC, Stathi IC and Charizani F (2004): Prevalence of musculoskeletal disorders in 
dentists. BMC Musculoskelet Disord 5:16.

Allebeck P and Mastekaasa A (2004): Swedish Council on Technology Assessment in 
Health Care (SBU), Chapter 3. Causes of sickness absence: research approaches and 
explanatory models. Scand J Public Health Suppl 63:36–43.

Allison TR, Symmons DP, Brammah T, Haynes P, Rogers A, Roxby M and Urwin M (2002): 
Musculoskeletal pain is more generalized among people from ethnic minorities than 
among white people in Greater Manchester. Ann Rheum Dis 61(2): 151–156

American Medical association (AMA) (2007): Pain Management: Pathophysiology of pain 
and pain assessment. Available online: http://www.ama-cmeonline.com/pain_mgmt/
printversion/ama_painmgmt_m1.pdf

Andersen JH, Fallentin N, Thomsen JF and Mikkelsen S (2011): Risk Factors for Neck and 
Upper Extremity Disorders among Computers Users and the Effect of Interventions: An 
Overview of Systematic Reviews. PLoS ONE 6(5): e19691. 

Andersen LL, Mortensen OS, Hansen JV and Burr H (2011): A prospective cohort study on 
severe pain as a risk factor for long-term sickness absence in blue- and white-collar 
workers. Occup Environ Med 68 (8): 590–592.

Andersson H, Ejlertsson G and Leden I (1998): Widespread musculoskeletal chronic pain 
associated with smoking. An epidemiological study in a general rural population. Scand 
J Rehabil Med 30(3): 185–191.

Andersson HI (1994): The epidemiology of chronic pain in a Swedish rural area. Qual Life 
Res 3 (1): 19–26.

Andersson HI (2004): The course of non-malignant chronic pain. A 12-year follow-up of a 
cohort from the general population. Eur J Pain 8:47–53.

http://www.ama-cmeonline.com/pain_mgmt/printversion/ama_painmgmt_m1.pdf
http://www.ama-cmeonline.com/pain_mgmt/printversion/ama_painmgmt_m1.pdf


76

Ariens G, Bongers P, Hoogendoorn W, van der Wal G and van Mechelen W (2002): High 
physical and psychosocial load at work and sickness absence due to neck pain. Scand J 
Work Environ Health 28 (4): 222–231.

Auvinen J, Paananen M, Tammelin T, Taimela S, Mutanen P, Zitting P and  Karppinen J 
(2009): Musculoskeletal pain combinations in adolescents. Spine 34: 1192–1197.

Badley EM, Rasooly I and Webster GK (1994): Relative importance of musculoskeletal 
disorders as a cause of chronic health problems, disability, and health care utilization: 
Findings from the 1990 Ontario Health Survey. J Rheum 21 (3): 505–514.

Bair MJ, Robinson RL, Katon W and Kroenke K (2003): Depression and pain comorbidity: A 
literature review. Arch Intern Med 163(20):2433–45.

Barrero LH, Hsu YH, Terwedow H, Perry MJ, Dennerlein JT, Brain JD and Xu X (2006): 
Prevalence and physical determinants of low back pain in a rural Chinese population. 
Spine 31 (23): 2728–2734.

Bergman S (2005): Psychosocial aspects of chronic widespread pain and fibromyalgia. Disabil 
Rehabil 27(12): 675–683.

Bergman S (2007): Management of musculoskeletal pain. Best Practice & Research Clin 
Rheum 21:153–166. 

Bergman S, Jacobsson LT, Herrstrom P and Petersson IF (2004): Health status as measured by 
SF-36 reflects changes and predicts outcome in chronic musculoskeletal pain: a 3-year 
follow-up study in the general population. Pain 108(1–2): 115–123.

Bergström G, Bodin L, Bertilsson H and Jensen IB (2007): Risk factors for new episodes of 
sick leave due to neck or back pain in a working population. A prospective study with 
an 18-month and a three-year follow-up. Occup Environ Med 64 (4): 279–87.

Bonica JJ (1979): The need of a taxonomy. Pain 6(3): 247–248.

Bourbonnais R, Vinet A, Vezina M and Gingras S (1992): Certified sick leave as a non-specific 
morbidity indicator: a case-referent study among nurses. Br J Ind Med 49:673–8.

Brooks PM (2005): Issues with chronic musculoskeletal pain. Rheumatology 44:831–833.

Buckle PW and Devereux JJ (2002): The nature of work-related neck and upper limb 
musculoskeletal disorders. Appl Ergon 33(3): 207–217.

Burdorf A, Naaktgeboren B and Post W (1998): Prognostic factors for sickness absence from 
MSD and return to work among welders and metal workers. Occup Environ Med 
55:490–495.

Cagnie B, Danneels L, Van Tiggelen D, Loose V and Cambier D (2007): Individual and 
work related risk factors for neck pain among office workers: a cross sectional study. 
European Spine Journal 16 (5): 679–686.

Carayon P, Smith MJ and Haims MC (1999). Work organization, job stress, and work-related 
musculoskeletal disorders. Hum Factors 41(4): 644–663.



77

Carenes D, Parsons S, Ashby D, Breen A, Foster NE, Pincus T, Vogel S and Underwood M 
(2007): Chronic musculoskeletal pain rarely present in a single body sites: results from 
a UK population study. Rheumatology (Oxford) 46 (7): 1168–1170.

Cho NH, Kim I, Lim SH and Kim HA (2012): Prevalence of widespread pain and its influence 
on quality of life: population study in Korea. J Korean Med Sci 27: 16–21.

Croft P (2009): The question is not “have you got it”? But “how much of it have you got”? 
Pain 141 (1–2): 6–7.

Croft P, Dunn KM and von Korff M (2007): Chronic pain syndromes: you can’t have one 
without another. Pain 131 (3); 237–238.

Croft P, Lewis M and Hannaford P (2003): Is all chronic pain the same? A 25-year follow-up 
study. Pain 105: 309–317.

Crombie IK, Croft PR, Linton SJ, Le Resche I and von Korff M (1999): Epidemiology of pain. 
Seattle IASP Press.

Davies, HTO, Crombie IK and Tavakoli M (1998): When can odds ratios mislead? BMJ 316 
(7136): 989–991.

Dekkers-Sanchez PM, Hoving JL, Sluiter JK and Frings-Dresen MH (2008): Factors 
associated with long-term sick leave in sick-listed employees: a systematic review. 
Occup Environ Med 65(3):153–157. 

Dersh J, Polatin PB and Gatchel RJ (2002): Chronic pain and psychopathology: research 
findings and theoretical considerations. Psychosom Med 64:773–786.

Dolan P and Adams MA (1998): Repetitive lifting tasks fatigue the back muscles and increase 
the bending moment acting on the lumbar spine. J Biomech 31:713–21.

Duijts SF, Kant IJ, Landeweerd JA and Swaen GM (2006): Prediction of sickness absence: 
development of a screening instrument. Occup Environ Med 63:564–569.

Elders LA, Heinrich J and Burdorf A (2003): Risk factors for sickness absence because of low 
back pain among scaffolders: a 3-year follow-up study. Spine 28(12): 1340–6.

Eriksen W, Bruusgaard D and Knardahl S (2004): Work factors as predictors of intense or 
disabling low back pain; a prospective study of nurses’ aides. Occup Environ Med 61: 
398–404.

EshØj P, Jepsen JR and Nielsen CV (2001): Long-term sickness absence: risk indicators 
among occupationally active residents of a Danish county. Occup Med (Lond) 51: 347–
353.

Feldt T, Hyvönen K, Mäkikangas A, Kinnunen U and Kokko K (2009): Development 
trajectories of Finnish managers’ work ability over a 10-year follow-up period. Scand J 
Work Environ Health 35(1): 37–47.



78

Feuerstein M (1996): Work style: definition, empirical support, and implications for 
prevention, evaluation, and rehabilitation of occupational upper-extremity disorders. 
In: Moon SD, Sauter SL, eds. Beyond Biomechanics: psychosocial aspects of 
musculoskeletal disorders in office work. Bristol, PA: Taylor and Francis, 177–206.

Finnish Centre for Pensions. Statistical yearbook of pensioners in Finland, 2011. Helsinki: 
Edita Prima Oy, 2012.

Fischer FM, Borges FN, Rotenberg L, Latorre MR, Soares NS, Rosa PL, Teixeire LR, Nagai 
R, Steluti J and Landsbergins P (2006): Work ability of health care shift workers: What 
matters? Chronobiol Int 23(6):1165–79.

Gamperiene M, Nygård JF, Sandanger I, Lau B and Bruusgaard D (2008): Self-reported work 
ability of Norwegian women in relation to physical and mental health, and to the work 
environment. J Occup Med Toxicol 3: 8.

Gimeno D, Benavides FG, Amick III BC, Benach J and Martinez JM (2004): Psychosocial 
factors and work related sickness absence among permanent and non-permanent 
employees. J Epidemiol Comm Health 58:870–6.

Gjesdal S, Haug K, Ringdal P, Mæland JG, Haqberg J, Roraas T, Vollset SE and Alexanderson 
K (2009): Sickness absence with musculoskeletal or mental diagnoses, transition into 
disability pension and all-cause mortality: A 9-year prospective cohort study. Scand J 
Public Health 37:387–94.

Goedhard WJ, Rijpstra TS and Puttiger PH (1998): Age, absenteeism and physical fitness in 
relation to work ability. Stud Health Technol Inform 48:254–257.

Gould R, Ilmarinen J, Järvisalo J and Koskinen S (2008): Dimensions of work ability. Finnish 
Centre for Pensions, Waasa Graphics Oy, Helsinki.

Grotle M and Croft P (2010):  More pain, less gain. Occup Environ Med 67(7): 434–435.

Gründemann RWM and van Vuuren CV (1997): Preventing absenteeism at the workplace. 
Dublin: European Foundation for the Improvement of Living and Working Conditions 
43–4.

Gureje O, Akinpelu A, Uwakwe R, Udofia O and Wakil A (2007): Comorbidity and impact of 
chronic spinal pain in Nigeria. Spine 32: E495–E500.

Guzman JEL, Hurwitz EL, Carroll LJ, Haldeman S, Côté P, Carragee EJ, Peloso PM, van der 
Velde G, Holm LW, Hogg-Johnson S, Nordin M and Cassidy (2008): A new conceptual 
model of neck pain: linking onset, course, and care: the Bone and Joint Decade 2000–
2010 Task Force on Neck Pain and Its Associated Disorders. Spine 33(4 Suppl): S14–
23.

Hagberg M and Wegman DH (1987): Prevalence rates and odds ratios of shoulder-neck 
diseases in different occupational groups. Br J Ind Med 44: 602–610.



79

Haldeman S, Carroll L and Cassidy JD (2010): Findings from the bone and joint decade 2000 
to 2010 task force on neck pain and its associated disorders. J Occup Environ Med 
52(4): 424–427.

Hales TR, Sauter SL, Peterson MR, Fine LJ, Put-Anderson V, Schleifer LR, Ochs TT and 
Bernard BP (1994): Musculoskeletal disorders among visual display terminal users in a 
telecommunications company. Ergonomics 37:1603–1621.

Han JH, Park HS, Shin CI, Change HM, Yun KE, Cho SH, Choi EY, Lee SY, Kim JH, Sung 
HN, Kim JH, Choi SI, Yoon YS, Lee ES, Song HR and Bae SC (2009): Metabolic 
syndrome and quality of life (QOL) using generalized and obesity-specific QOL scales. 
Int J Clin Pract 63: 735–741.

Hansson T and Jensen I (2004): Swedish Council on Technology Assessment in Health Care 
(SBU). Chapter 6. Sickness absence due to back and neck disorders. Scand J Public 
Health Suppl 63: 109–151.

Harcombe H, McBride D, Derrett S and Gray A (2010): Physical and psychosocial risk 
factors for musculoskeletal disorders in New Zealand nurses, postal workers and office 
workers. BMJ Inj Prev 16: 96–100.

Harkness EF, Macfarlane GJ, Nahit E, Silman AJ and MsBeth J (2004): Mechanical injury 
and psychosocial factors in the work place predict the onset of widespread body pain: 
a two-year prospective study among cohorts of newly employed workers. Arthritis 
Rheum 50:1655–64.

Harkness EF, Macfarlane GJ, Silman AJ and McBeth J (2005): Is musculoskeletal pain more 
common than 40 years ago?: two population-based cross-sectional studies. Rheum 44: 
890–895.

Haukka E, Leino-Arjas P, Ojajärvi A, Takala EP, Viikari-Juntura E and Riihimäki H (2011): 
Mental stress and psychosocial factors at work in relation to multi-site musculoskeletal 
pain: A longitudinal study of kitchen workers. Eur J Pain 15:432–438.

Haukka E, Leino-Arjas P, Solovieva S, Ranta R, Viikari-Juntura E and Riihimäki H (2006): 
Co-occurrence of musculoskeletal pain among female kitchen workers. Int Arch Occup 
Environ Health 80:141–8.

Haukka E, Ojajärvi A, Takala EP, Viikari-Juntura E and Leino-Arjas P (2012): Physical 
workload, leisure-time physical activity, obesity and smoking as predictors of multisite 
musculoskeletal pain. A 2-year prospective study of kitchen workers. Occup Environ 
Med 69: 485–492.

Head J, Kivimäki M, Martikainen P, Vahtera J, Ferrie JE and Marmot MG (2006): Influence 
of change in psychosocial work characteristics on sickness absence: The Whitehall II 
Study. J Epidemiol Community Health 60:55–61.

Henderson M, Glozier N and Holland EK (2005): Long term sickness absence. BMJ 330: 
802e3.



80

Hensing G (2004): Swedish Council on Technology Assessment in Health Care (SBU). 
Chapter 4. Methodological aspects in sickness-absence research. Scand J Public Health 
Suppl 63: 44–48. 

Hildebrandt VH, Bongers PM, van Dijk JH, Kemper CG and Dul J (2002): The influence of 
climatic factors on non-specific back and neck-shoulder disease. Ergonomics 45 (1): 
32–48.

Holtermann A, Hansen JV, Burr H and Søgaard K (2010): Prognostic factors for long-term 
sickness absence among employees with neck–shoulder and low-back pain. Scand J 
Work Environ Health 36(1):34–41.

Hoogendoorn WE, Bongers PM, de Vet HC, Ariens GA, van Mechelen W and Bouter LM 
(2002).  High physical work load and low job satisfaction increase the risk of sickness 
absence due to low back pain: results of a prospective cohort study. Occup Environ 
Med 59: 323–8.

Huang GD, Feuerstein M and Sauter SL (2002): Occupational stress and work-related upper 
extremity disorders: concepts and models. Am J Ind Med 41(5): 298–314.

Hunt IM, Silman AJ, Benjamin S, McBeth J and Macfarlane GJ (1999): The prevalence and 
associated features of chronic widespread pain in the community using the ‘Manchester’ 
definition of chronic widespread pain. Rheumatology (Oxford) 38(3): 275–279.

IJmker S, Huysmans M, Blatter BM, van der Beek AJ, van Mechelen W and Bongers PM  
(2007): Should office workers spend fewer hours at their computer? A systematic 
review of the literature. Occup Environ Med 64: 211–222.

IJzelenberg W and Burdorf A (2004): Impact of musculoskeletal co-morbidity of neck and 
upper extremities on healthcare utilization and sickness absence for low back pain. 
Occup Environ Med 61(10): 806–810.

Ijzelenberg W, Molenaar D and Burdorf A (2004): Different risk factors for musculoskeletal 
complaints and musculoskeletal sickness absence. Scand J Work Environ Health 30 (1): 
56–63.

Ilmarinen J (2005): Towards a longer work life. Finnish Institute of Occupational Health, 
Helsinki.

Ilmarinen J (2007): The work ability index (WAI). Occup Med 57:160.

International Association for the Study of Pain (IASP) (2010): Musculoskeletal Pain. Retrieved 
15.04, 2012, from http://www.iasp pain.org/AM/AMTemplate.cfm?Section=Home&C
ONTENTID=9287&TEMPLATE=/CM/ContentDisplay.cfm

International Association for the Study of Pain (IASP) (2009): Press release, available at 
http://www.iasppain.org/AM/Template.cfm?Section=Press_Release2&Template=/CM/
ContentDisplay.cfm&ContentID=9766

http://www.iasp
http://www.iasppain.org/AM/Template.cfm?Section=Press_Release2&Template=/CM/ContentDisplay.cfm&ContentID=9766
http://www.iasppain.org/AM/Template.cfm?Section=Press_Release2&Template=/CM/ContentDisplay.cfm&ContentID=9766


81

Jansen JP, Morgenstern H and BurdorfA (2004): Dose-response relations between occupational 
exposures to physical and psychosocial factors and the risk of low back pain? Occup 
Environl Med 61: 972–979.

Jones GT, Silman AJ and Macfarlane GJ (2003): Predicting the onset of widespread body pain 
among children. Arthritis Rheum 48 (9): 2615–2621.

Kaleta D, Makowiec-Dabrowska T and Jegier A (2006): Lifestyle index and work ability. Int J 
Occup Med Environ Health 19(3):170–7.

Kamaleri Y, Natvig B, Ihlebaek CM and bruusgaard D (2008a): Localized or widespread 
musculoskeletal    pain: does it matter? Pain 138: 41–6.

Kamaleri Y, Natvig B, Ihlebaek CM, Benth JS and Bruusgaard D (2008b): Number of pain 
sites is associated with demographic, lifestyle, and health-related factors in the general 
population. Eur J Pain 12:742–8.

Kamaleri Y, Natvig B, Ihlebaek CM and Bruusgaard D (2009): Does the number of 
musculoskeletal pain sites predict work disability? A 14-year prospective study. Eur J 
Pain 13: 426–30.

Karsh B (2006): Theories of work-related musculoskeletal disorders: implications for 
ergonomic interventions. Theoretical Issues in Ergonomics Sciences 7(1): 71–88.

Kauppila LI (2009): Atherosclerosis and disc degeneration/low-back pain-a systematic review. 
Eur J Vasc Endovasc Surg 37(6):661–670.

Kauppinen T, Hanhela R, Heikkilä P, Kasvio A, Lehtinen S, Lindström K, Toikkanen J, 
Tossavainen A, Eds. (2004): Work and health in Finland 2003. Helsinki: Finnish 
Institute of Occupational Health.

Kääriä S, Laaksonen M, Leino-Arjas, Saastamoinen P and Lahelma E (2012): Low back pain 
and neck pain as predictors of sickness absence among municipal employees. Scand J 
Public Health 40:150–156.

Kleiven M, Boggild H and Jeppesen HJ (1998): Shift work and sick leave. Scand J Work 
Environ Health 24(suppl 3):128–133.

Krause N and Lund T (2004): Returning to Work after Occupational Injury. In: Barling J, 
Frone MR, eds. The Psychology of Workplace Safety. Washington DC: American 
Psychological Association p 265–295.

Kromhout H, Oostendorp Y, Heederik D and Boleij JS (1987): Agreement between qualitative 
exposure estimates and quantitative exposure measurements. Am J Ind Med 12:551–62.

Kuorinka I, Jonsson B, Kilbom Å, Vinterberg H, Biering-Sørensen F, Andersson G and 
Jørgensen K (1987): Standardised Nordic Questionnaires for the analysis of 
musculoskeletal symptoms. Appl Ergon 18: 233–237.



82

Laaksonen M, Martikainen P, Rahkonen O and Lahelma E (2008): Explanations for gender 
differences in sickness absence: evidence from middle-aged municipal employees from 
Finland. Occup Environ Med 65: 325–330.

Laaksonen M, Pitkäniemi J, Rahkonen O and Lahelma E (2010): Work arrangements, physical 
working conditions, and psychosocial working conditions as risk factors for sickness 
absence: Bayesian analysis of prospective data. Ann Epidemiol 20:332–338. 

Labriola M, Lund T and Burr H (2006): Prospective study of physical and psychosocial risk 
factors for sickness absence. Occup Med (lond) 56: 469–474.

Labriola M (2008): Conceptual framework of sickness absence and return to work, focusing 
on both the individual and the contextual level. Work 30: 377–387.

Lakke SE, Soer R, Takken T and Reneman MF (2009): Risk and prognostic factors for 
non-specific musculoskeletal pain: a synthesis of evidence from systematic reviews 
classified into ICF dimensions. Pain 147:153–164.

Lehto A and Sutela H (2009): Three decades of working conditions – Findings of Finnish 
Quality of Work Life Surveys 1977–2008.

Leigh J, Macaskill P, Kuosma E and Mandryk J (1999): Global burden of diseases and injuries 
due to occupational factors. Epidemiology 10(5):626–31.

Leijon M, Hensing G and Alexanderson K (1998): Gender trends in sick listing with 
musculoskeletal symptoms in a Swedish county during a period of rapid increase in 
sickness absence, Scandinavian Journal of Social Medicine 26 (3): 204–213.

Lidbeck J (2002): Central hyperexcitability in chronic musculoskeletal pain: a conceptual 
breakthrough with multiple clinical implications. Pain Res Manag 7(2): 81–92.

Lindberg P, Josephson M, Alfredsson L and Vingård E (2006): Promoting excellent work 
ability and preventing poor work ability: the same determinants? Results from the 
Swedish HAKuL study. Occup Environ Med 63(2):113–120.

Lötters F and Burdorf A (2006): Prognostic factors for duration of sickness absence due to 
musculoskeletal disorders. Clin J Pain 22:212–221.

Lund T, Labriola M, Christensen KB, Bultmann U and Villadsen E (2006): Physical work 
environment risk factors for long-term sickness absence: Prospective findings among a 
cohort of 5357 employees in Denmark. BMJ 332: 449–52.

Macfarlane GJ, Hunt IM and Silman AJ (2000): Role of mechanical and psychosocial factors 
in the onset of forearm pain: a prospective population based study. BMJ 321: 1–5.

Magnavita N, Elovainio M, De Nardis I, Heponiemi T and Bergamaschi A (2011): 
Environmental discomfort and musculoskeletal disorders. Occupational Medicine 
61:196–201.



83

Magni G, Moreschi C, Rigatti-Luchini S and Merskey H (1994): Prospective study on the 
relationship between depressive symptoms and chronic musculoskeletal pain. Pain 
56:289–297.

Main CJ, Sullivan MJL and Watson PJ (2008): Models of pain and disability. In Pain 
Management. Philadelphia, USA, Elsevier.

Mallen CD, Peat G, Thomas E, Dunn KM and Croft PR (2007): Prognostic factors for 
musculoskeletal pain in primary care: a systematic review. Br J Gen Pract 57 (541): 
655–661.

Mäntyselkä P, Kumpusalo E, Ahonen R, Kumpusalo A, Kauhanen J, Viinamäki H, Halonen 
P and Takala J (2001): Pain as a reason to visit the doctor: a study in Finnish primary 
health care. Pain 89(2–3): 175–180.

Mäntyselkä P, Turunen J, Ahonen R and Kumpusalo E (2003): Chronic pain and poor self-
rated health. JAMA 290 (18): 2435–2442.

Mäntyselkä P, Kautiainen H and Vanhala M (2010): Prevalence of neck pain in subjects with 
metabolic syndrome a cross-sectional population-based study. BMC Musculoskeletal 
Disorders 11:171.

Markkula R, Jarvinen P, Leino-Arjas P, Koskenvuo M, Kalso E and Kaprio J (2009): 
Clustering of symptoms associated with fibromyalgia in a Finnish Twin Cohort. Eur J 
Pain 13(7): 744–750.

Markkula R, Kalso E, Huunan-Seppälä A, Koskenvuo M, Koskenvuo K, Leino-Arjas P and 
Kaprio J (2011): The burden of symptoms predicts early retirement: a twin cohort study 
on fibromyalgia-associated symptoms. Eur J Pain 15(7): 741–747.

Marmot M, Feeney A, Shipley M, North F and Syme S (1995): Sickness absence as a 
measure of health status and functioning: from the UK Whitehall II study. J Epidemiol 
Community Health 49(2):124–30.

Marmot M, Feeney A, Shipley M, North F and Syme SL (1995): Sickness absence as a 
measure of health status and functioning: from the UK Whitehall II study. J Epidemiol 
Community Health 49:124–30.

Marras WS, Lavender SA, Leurgans SE, Fathallah FA, Ferquson SA, Allread WG and Rajulu 
SL (1995): Biomechanical risk factors for occupationally related low back disorders. 
Ergonomics 38:377–410.

Martinez MC and Latorre Mdo R (2006): [Health and work ability among office workers] 
Saude e capacidade para o trabalho em trabalhadores de area administrativa. Rev Saude 
Publica 40(5):851–858.

McBeth J, Macfarlane GJ, Benjamin S and Silman AJ (2001): Features of somatization 
predict the onset of chronic widespread pain: results of a large population-based study. 
Arthrities Rheum 44:940–6.



84

McEwen BS and Kalia M (2010)  : The role of corticosteroids and stress in chronic pain 
conditions. Metabolism 59: S9–19.

Melchior M, Niedhammer I, Berkman LF and Goldberg M (2003): Do psychosocial work 
factors and social relations exert independent effects on sickness absence? A six year 
prospective study of the GAZEL cohort. J Epidemiol Community Health 57:285–293.

Melin B and Lundberg U (1997): A biopsychosocial approach to work stress and 
musculoskeletal disorders. J Psychophysiol 11(3):238–247.

Miranda H, Kaila-Kangas L, Heliövaara M, Leino-Arjas P, Haukka E, Liira J and Viikari-
Juntura E (2010) : Musculoskeletal pain at multiple sites and its effects on work ability 
in a general working population. Occup Environ Med 67:449–55.

Miranda H, Punnett L, Gore R and Boyer J (2011): Violence at the workplace increases the 
risk of musculoskeletal pain among nursing home workers. Occup Environ Med 68: 
52–57.

Miranda H, Viikari-Juntura E, Martikainen R, Takala EP and Riihimäki H (2001): A 
prospective study of work-related factors and physical exercise as predictors of 
shoulder pain. Occup Environ Med 58 (8): 528–534.

Molano SM, Burdorf A and Elders LA (2001): Factors associated with medical care seeking 
due to low back pain in scaffolders. Am J Ind Med 40 (3): 275–281.

Monteiro MS, Ilmarinen J and Corraa Filho HR (2006): Work ability of workers in different 
age groups in a public health institution in Brazil. Int J Occup Saf Ergon 12(4):417–27.

Morken T, Riise T, Moen B, Hauge SHV, Holien S, Langedrag A, Pedersen S, Saue IL, 
SeljebØ GM and Thoppil V (2003): Low back pain and widespread pain predict 
sickness absence among industrial workers. BMC Musculoskeletal Disorders 4:21.

Murphy DF, Connolly DAJ and Beynnon BD (2003): Risk factors for lower extremity injury: a 
review of the literature. Br J Sports Med 37:13–29.

Nahit ES, Hunt IM, Lunt M, Dunn G, Silman AJ and Macfarlane GJ (2003): Effects of 
psychosocial and individual psychological factors on the onset of musculoskeletal pain: 
common and site-specific effects. Ann Rheum Dis 62(8): 755–760.

Nahit ES, Pritchard CM, Cherry NM, Silman AJ and Macfarlane GJ (2001): The influence 
of work related psychosocial factors and psychological distress on regional 
musculoskeletal pain: a study of newly employed workers. J Rheumatol 28 (6): 1378–
1384.

Natvig B, Bruusgaard D and Eriksen W (2001): Localized low back pain and low back pain as 
part of widespread pain musculoskeletal pain: two different disorders? A cross-sectional 
population study. J Rehabil Med 33: 21–25.

Natvig B, Eriksen W and Bruusgaard D (2002)  : Low back pain as a predictor of long-term 
work disability. Scand J Public Health 30(4):288–292.



85

Natvig B, Ihlebaek C, Grotle M, Brage S and Bruusgaard D (2010): Neck pain is often a part 
of widespread pain and is associated with reduced functioning. Spine 35 (23): E1285–
E1289.

Natvig B, NessiØy I, Bruusgaard D and Rutle O (1995): Musculoskeletal symptoms in a local 
community. Eur J Gen Pract 1:25–27.

Nordin M, Hiebert R,  Pietrek M,  Alexander M,  Crane M and Lewis S (2002): Association 
of comorbidity and outcome in episodes of nonspecific low back pain in occupational 
populations. J Occup Environ Med 44: 677–684.

Nordstrom DL, Vierkant RA, Layde PM and Smith MJ (1998): Comparison of self-reported 
and expert-observed physical activities at work in a general population. Am J Ind Med 
34:29–35.

Nurminen E, Malmivaara A, Ilmarinen J, Ylöstalo P, Mutanen P, Ahonen G and Aro T (2002): 
Effectiveness of a worksite exercise program with respect to perceived work ability and 
sick leaves among women with physical work. Scand J Work Environ Health 28(2):85–
93.

Nygård C-H and Arola H (2004): Evaluation of perceived work ability after interventions 
in a food factory. Proceedings of the 1st International Symposium on Work Ability. 
Past, present and future of work ability. 5–6 September 2001. Tampere, Finland. In: 
Ilmarinen J & Lehtinen S (eds) People and Work, Research Reports 65. Helsinki, 
Finnish Institute of Occupational Health: 71–75.

Nyman T, Grooten WJ, Wiktorin C, Liwing J and Norrman L (2007): Sickness absence and 
concurrent low back and neck-shoulder pain: results from MUSIC-Norrtälje study. Eur 
Spine J 16:631–8.

OECD (2008): Sickness, disability and work: breaking the barriers vol. 3

Øverland S, Harvey SB, Knudsen AK, Mykletun A and Hotopf M (2011): Widespread pain 
and medically certified disability pension in the Hordland Health Study. Eur J Pain. 
Published Online First: 6 September 2011. doi:10.1016/j.ejpain.2011.08.005.

Paananen M, Auvinen J, Taimela S, Tammelin T, Kantomaa M, Ebeling H, Taanila A, 
Zitting P and Karppinen J (2010): Psychosocial, mechanical, and metabolic factors in 
adolescents’ musculoskeletal pain in multiple locations: A cross-sectional study. Eur J 
Pain 14: 395–401.

Palsson B, Stromberg U, Ohlsson K and Skerfving S (1998): Absence attributed to incapacity 
and occupational disease/accidents among female and male workers in the fish-
processing industry. Occup Med (Lond) 48:289–295.

Papageorgiou AC, Silman AJ and Macfarlane GJ (2002): Chronic widespread pain in the 
population: a seven year follow-up study. Ann Rheum Dis 61:1071–74.

Picavet HS and Schouten JS (2003): Musculoskeletal pain in the Netherlands: Prevalences, 
consequences and risk groups, the DMC (3)-study. Pain 102: 167–178.



86

Picavet HSJ and van den Bos GAM (1997): The contribution of six chronic conditions to 
the total burden of mobility disability in the Dutch population. Am J Public Health 
87:1680–1682.

Pincus T, Vogel S, Burton AK, Santos R and Field AP (2006): Fear avoidance and prognosis in 
back pain: a systematic review and synthesis of current evidence. Arthritis Rheum 54: 
3999–4010.

Pohjonen T (2001): Perceived work ability of home care workers in relation to individual and 
work-related factors in different age groups. Occup Med (Lond) 51:209–17

Pope MH, Andersson GBJ,  Frymoyer JW and Chaffin DB (Eds.), Mosby-Year Book, Inc, St 
Louis, MO, 1991.

Pranjic N, Males-Bilic L, Beganlic A and Mustajbegović J (2006): Mobbing, stress, and work 
ability index among physicians in Bosnia and Herzegovina: survey study. Croat Med J 
47(5):750–8.

Punnet L, Pruss-Utun A, Nelson DI, Fingerhut MA, Leigh J, Tak S and Phillips S (2005): 
Estimating the global burden of low back pain attributable to combined occupational 
exposures. Am J Ind Med 48 (6): 459–469.

Punnet L and Wegman DH (2004): Work-related musculoskeletal disorders: the epidemiologic 
evidence and the debate. J Electromyogr Kinesiol 14 (1): 13–23.

Rantanen J and Malmivaara A (1996): eds. Tuki- ja liikuntaelinsairaudet Suomessa 
[Musculoskeletal disorders in Finland]. Helsinki, Ministry of Social Affairs and Health.

Rekola KE, Keinanen-Kiukaanniemi S and Takala J (1993): Use of primary health services 
in sparsely populated country districts by patients with musculoskeletal symptoms: 
consultations with a physician. J Epidemiol Community Health 47(2):153–157.

Rigler SK, Studenski S, Wallace D, Rejer DM and Duncan PW (2002): Co-morbidity 
adjustment for functional outcomes in community dwelling older adults. Clin Rehab 
16:420–428.

Riihimäki H (2005): Musculoskeletal disorders. In: Ahrens W, Pigeo I, eds. Handbook of 
epidemiology. Berlin: Springer, 1443–1472.

Roelen CAM, Koopmans PC, Anema JR and van der Beek AJ (2010): Recurrence of medically 
certified sickness absence according to diagnosis: A sickness absence register study. J 
Occup Rehabil 20:113–121.

Rustoen T, Wahl AK, Hanestad BR, Lerdal A, Paul S and Miaskowski C (2004): Prevalence 
and characteristics of chronic pain in the general Norwegian population. Eur J Pain 
8:555–65.

Ryan GA and Bampton M (1988): Comparision of data process operators with and witout 
upper limb symptoms. Community Health Stud 12 (1): 63–68.



87

Saastamoinen P, Leino-Arjas P, Laaksonen M, Martikainen P and Lahelma E (2006): Pain and 
health related functioning among employees. J Epidemiol Community Health 60(9): 
793–798.

Saastamoinen P, Laaksonen M, Lahelma E and Leino-Arjas P (2009): The effect of pain on 
sickness absence among middle-aged municipal employees. Occup Environ Med 
66:131–136.

Salonen P, Arola H, Nygård C-H, Huhtala H and Koivisto A-M (2003): Factors associated with 
premature departure from working life among ageing food industry employees. Occup 
Med 53: 65–68.

Sauter S and Swanson N (1996): An ecological model of musculoskeletal disorders in office 
work. In: Moon SD, Sauter SL, eds. Beyond biomechanics: psychosocial aspects of 
musculoskeletal disorders in office work. London: Taylor & Francis, 3–21.

Schell E, Theorell T, Nilsson B and Saraste H (2012): Work health determinants in employees 
without sickness absence. Occup Med (Lond) doi: 10.1093/occmed/kqs164

Schierhout GH, Meyers JE and Bridger RS (1995): Work-related musculoskeletal disorders 
and ergonomic stressors in the South African workforce. Occup Environ Med, 52(1): 
46–50.

Schmidt CO and Baumeister SE (2007): Simple patterns behind complex spatial pain 
reporting? Assessing a classification of multisite pain reporting in the general 
population. Pain 133(1–2): 174–182.

Shiri R, Karppinen J, Leino-Arjas P, Solovieva S and Viikari-Juntura E (2010a): The 
association between obesity and low back pain: a meta-analysis. Am J Epidemiol 
171(2):135–154.

Shiri R, Karppinen J, Leino-Arjas P, Solovieva S and Viikari-Juntura E (2010b): The 
association between smoking and low back pain: a meta-analysis. Am J Med 123(1): 
87.e7–87.e35.

Sjögren-Rönkä T, Ojanen MT, Leskinen EK, Mustalampi ST and Mälkiä EA (2002): Physical 
and psychosocial prerequisites of functioning in relation to work ability and general 
subjective well-being among office workers. Scand J Work Environ Health 28 (3): 184–
190.

Solidaki E, Chatzi L, Bitsios P, Markatzi I, Plana E, Castro F, Palmer K, Coggon D and 
Kogevinas M (2010): Work related and psychosocial determinants of multisite 
musculoskeletal pain. Scand J Work Environ Health 36(1):54–61.

Solidaki E, Chatzi L, Bitsios P, Coggon D, Palmer K and Kogevinas M (2012): Risk factors 
for new onset and persistence of multi-site musculoskeletal pain in a longitudinal study 
of workers in Crete. Occup Environ Med; 0: 1.6. doi:10.1136/oemed-2012-100689.



88

Sormunen E, Remes J, Hassi J, Pienimäki T and Rintamäki H (2009): Factors associated with 
self-estimated work ability and musculoskeletal symptoms among male and female 
workers in cooled food-processing facilities. Ind Health 47: 271–282.

Stenbeck M and Persson G (2006): Chapter 10: Working life, work environment and health. 
In:Persson G, Danielsson M, Rosen M, et al, eds. Health in Sweden: the National 
Public Health Report 2005. Scand J Public Health 34 (suppl 67): 229–45.

Stordal E, Bjelland I,  Dahl AA and Mykletun A (2003): Anxiety and depression in individuals 
with somatic health problems. The Nord-Trondelag Health Study (HUNT). Scand J 
Prim Health Care 21: 136–141.

Szklo M and Nieto FJ (2000): Epidemiology: beyond the basics. 1st ed. Gaithersburg, 
Maryland: Aspen Publishers.

Takala J (2008): Work-related musculoskeletal disorders: Prevention report. European Agency 
for Safety and Health at Work. Available online http://osha.europa.eu/en/publications/
reports/en_TE8107132ENC.pdf

The Consensus Document (1998): The Bone and Joint Decade 2000–2010. Inaugural Meeting 
17 and 18 April. Acta Orthopaedica Scandinavica 69: 67–86.

Tielemans E, Heederik D, Burdorf A, Vermeulen R, Veulemans H, Kromhout H and Hartog K 
(1999): Assessment of occupational exposures in a general population: comparison of 
different methods. Occup Environ Med 56:145–51.

Toomingas A, Theorell T, Michelsen H and Nordemar R (1997): Associations between 
self-rated psychosocial work conditions and musculoskeletal symptoms and signs. 
Stockholm MUSIC I Study Group. Scand J Work Environ Health 23(2):130–139.

Trinkoff AM, Storr CL and Lipscomb JA (2001): Physically demanding work and inadequate 
sleep, pain medication use, and absenteeism in registered nurses. J Occup Environ Med 
43: 355–63.

Tuomi K, Huuhtanen P, Nykyri E and Ilmarinen J (2001): Promotion of work ability, the 
quality of work and retirement. Occup Med (Lond) 51:318–24.

Tuomi K, Ilmarinen J, Jahkola A, Katajarinne L and Tulkki A (1998): Work Ability Index. 2nd 
revised edn. Helsinki: Finnish Institute of Occupational Health.

Tuomi K, Ilmarinen J, Martikainen R, Aalto L and Klockars M (1997): Aging, work, life-
style and work ability among Finnish municipal workers in 1981–1992. Scand J Work 
Environ Health 23(Suppl 1), 58–65.

Tuomi K, Luostarinen T, Ilmarinen J and Klockars M (1991): Work load and individual factors 
affecting work ability among aging municipal employees. Scand J Work Environ Health 
17 (Suppl 1): 128–134.

Tuomi K, Vanhala S, Nykyri E and Janhonen M (2004): Organizational practices, work 
demands and the well-being of employees: a follow-up study in the metal industry and 
retail trade. Occup Med (Lond) 54:115–21.

http://osha.europa.eu/en/publications/reports/en_TE8107132ENC.pdf
http://osha.europa.eu/en/publications/reports/en_TE8107132ENC.pdf


89

Turunen J (2007): Pain and Pain Management in Finnish General Population. Kuopio 
University Publications A. Pharmaceutical Sciences 99. 110 p. ISBN 9789512704170

Vahtera J, Kivimäki M, Pentti J and Theorell T (2000): Effect of change in the psychosocial 
work environment on sickness absence: a seven year follow up of initially healthy 
employees. J Epidemiol Community Health 54:484–493.

Vahtera J, Pentti J and Kivimäki M (2004): Sickness absence as a predictor of mortality among 
male and female employees. J Epidemiol Community Health 58(4):321–6.

van den Berg TI, Elders LA, de Zwart BC and Burdorf A (2009): The effects of work-related 
and individual factors on the Work Ability Index: a systematic review. Occup Environ 
Med 66(4): 211–220.

Vandvik PO, Wilhelmsen I,  Ihlebaek C and Farup PG (2004): Comorbidity of irritable bowel 
syndrome in general practice: a striking feature with clinical implications. Aliment 
Pharmacol Ther 20: 1195–1203.

Virtanen P, Siukola A, Luukkaala T, Savinainen M, Arola H, Nygård C-H, Kivimäki M, 
Helenius H and Vahtera J (2008): Sick leaves in four factories – do characteristics 
of employees and work conditions explain differences in sickness absence between 
workplaces? Scand J Work Environ Health 34(4):260–266.

Virtanen P, Vahtera J and Nygård CH (2010): Locality differences of sickness absence in 
the context of health and social conditions of the inhabitants. Scand J Public Health 
38:309–316.

von Bonsdorff MB, Seitsamo J, Ilmarinen J, Nygård C-H, von Bonsdorff ME and Rantanen T 
(2011): Work ability in midlife as a predictor of mortality and disability in later life: a 
28-year prospective follow-up study. CMAJ 183 (4): 235–242.

von Korff M, Crane P, Lane M, Miglioretti DL, Simon G, Saunders K, Stang P, Brandenburg 
N and Kessler R (2005): Chronic spinal pain and physical-mental comorbidity in the 
United States: results from the national co morbidity survey replication. Pain 113: 331–
339

Waddell G (2006): Preventing incapacity in people with musculoskeletal disorders. Br Med 
Bull 77: 55–69.

Walker-Bone K, Palmer KT, Reading I, Coggon D and Cooper C (2004): Prevalence and 
impact of musculoskeletal disorders of the upper limb in the general population. 
Arthritis Rheum 51(4): 642–651.

Walker-Bone K, Reading I, Coggon D and Cooper C (2004). The anatomical pattern and 
determinants of pain in the neck and upper limbs: an epidemiologic study. Pain 109: 
45–51.

Wang P, Rempel DM, Harrison RJ, Chen J and Ritz BR (2007): Work-organizational and 
personal factors associated with upper body musculoskeletal disorders among sewing 
machine operators. Occup Environ Med 64: 806–813.



90

Wickström GJ and Pentti J (1998):  Occupational factors affecting sick leave attributed to low-
back pain. Scand J Work Environ Health 24(2):145–152.

Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL, Tugwell P, 
Campbell SM, Abeles M and Clark P (1990): The American College of Rheumatology 
1990 Criteria for the Classification of Fibromyalgia. Report of the Multicenter Criteria 
Committee. Arthritis Rheum 33(2): 160–172.

Woolf CJ (1987): Physiological, inflammatory and neuropathic pain. Adv Tech Stand 
Neurosurg 15: 39–62.

Yeung SS, Genaidy A, Deddens J, Alhemood A and Leung PC (2002): Prevalence of 
musculoskeletal symptoms in single and multiple body regions and effects of perceived 
risk of injury among manual handling workers. Spine 27:2166–2172.



ORIGINAL PUBLICATIONS

	 I	 Neupane S, Miranda H, Virtanen P, Siukola A, Nygård C-H. 
Do physical or psychosocial factors at work predict multi-site 
musculoskeletal pain? A 4-year follow-up study in an industrial population.  
Int Arch Occup Environ Health 2012. DOI: 10.1007/s00420-012-0792-2.

	 II	 Neupane S, Miranda H, Virtanen P, Siukola A, Nygård C-H.  
Multi-site pain and work ability among an industrial population.  
Occup Med 2011; 61:563-569.

	III	 Neupane S, Virtanen P, Leino-Arjas P, Miranda H, Siukola A, Nygård C-H. 
Multi-site pain and working conditions as predictors of work ability in a 
4-year follow-up among food industry employees.  
Eur J Pain 2012. DOI: 10.1002/j.1532-2149.2012.00198.x

	IV	 Neupane S, Virtanen P, Leino-Arjas P, Miranda H, Siukola A, Nygård C-H. 
Multi-site musculoskeletal pain and sickness absence at work due to 
musculoskeletal diagnosis among white-collar and blue-collar employees. 
(Submitted)



ORIGINAL ARTICLE

Do physical or psychosocial factors at work predict multi-site
musculoskeletal pain? A 4-year follow-up study in an industrial
population

Subas Neupane • Helena Miranda • Pekka Virtanen •

Anna Siukola • Clas-Håkan Nygård
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Abstract

Purpose Musculoskeletal pain at multiple sites is com-

mon among working-age people and greatly increases work

disability risk. Little is known of the work-related physical

and psychosocial factors contributing to multi-site pain.

Methods Survey responses from 734 employees (518

blue- and 216 white-collar; 65 % female) of a food pro-

cessing company were collected twice, in 2005 and 2009.

Information on musculoskeletal pain during the preceding

week, and on environmental, biomechanical and psycho-

social work exposures were obtained through a structured

questionnaire. The association of multi-site pain with work

exposures was estimated with logistic regression by gender

and age group.

Results At baseline, 54 % of informants reported pain in

more than one area, and 50 % at 4-year follow-up. Forty

percent of all employees had multi-site pain both at base-

line and at follow-up. Among those with multi-site pain at

baseline, 69 % had multi-site pain at follow-up. Both

repetitive work and awkward work postures at baseline

were associated with multi-site pain at follow-up. Psy-

chosocial factors (low job satisfaction, low team spirit, and

little opportunity to exert influence at work) also strongly

predicted multi-site pain at follow-up, especially among

younger workers and men.

Conclusion This prospective study provides new evi-

dence of the high occurrence and persistence of musculo-

skeletal pain at multiple body sites in an industrial

population with a strong association between biomechani-

cal and psychosocial exposures at work and multi-site pain.

Prevention of multi-site pain with many-sided modification

of work exposures is likely to reduce work disability.

Keywords Disability � Food industry �Multiple sites pain �
Work environment � Physical factors

Introduction

Most earlier studies on musculoskeletal pain have con-

centrated exclusively on single-site pain and considered

risk factors as distinct and specific to each pain area or

disorder (Grotle and Croft 2010). Recently, multi-site pain

has gained more attention in epidemiological research,

especially after the findings that multi-site musculoskeletal

pain is extremely common in the working population

(Haukka et al. 2006; Carnes et al. 2007; Miranda et al.

2009; Kamaleri et al. 2008a). Several studies have also

reported that the consequences of multi-site pain are more

severe than those of single-site pain (Haukka et al. 2006;

Carnes et al. 2007; Miranda et al. 2009). Multi-site pain has

a substantial impact on physical fitness, general health and

wellbeing, activities of daily living (Carnes et al. 2007;

Kamaleri et al. 2008a), self-reported work ability and plans

for early retirement (Miranda et al. 2009) as well as long-

term sickness absence (Nyman et al. 2007).

Although multi-site pain occurs as frequently as single-

site pain (Haukka et al. 2011; Solidaki et al. 2010), little is
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known about the determinants of multi-site pain. The

number of prospective studies investigating the role of

work-related exposures on multi-site pain is especially

limited. In a 2-year follow-up study among newly

employed subjects in 12 diverse occupational settings, the

risk of a new onset of chronic widespread pain was asso-

ciated with work-related psychosocial factors, such as low

job satisfaction, low social support, and monotonous work,

as well as with several mechanical and posture exposures.

The strongest independent predictors of symptom onset,

however, were psychosocial factors (Harkness et al. 2004).

In another study with a 2-year follow-up, Haukka et al.

found several psychosocial factors to predict multi-site

pain among female municipal kitchen workers. The role of

physical exposures was not investigated in this study

(Haukka et al. 2011).

Since workers with multi-site pain are at high risk of

work disability (Miranda et al. 2009), more information is

needed for preventive purposes on the workplace risk

factors that predict future multi-site pain. The prevalence

of multi-site pain is known to differ by gender (women

have higher prevalence) (Leveille et al. 2005; Rollman and

Lautenbacher 2001). Accordingly, the risk factors may also

differ by gender, or moreover by age. These differences

should be taken into account in order to better target pre-

ventive measures.

The aim of this prospective study in an industrial pop-

ulation was to investigate whether work-related physical

and psychosocial factors at baseline predict multi-site pain

at follow-up, whether these factors differ between men and

women, or younger and older workers, and which factors

contribute in particular to the continuation of multi-site

pain over the 4 years.

Materials and methods

Study population

A research project following up the employees of one of

the largest food industry companies in Finland was estab-

lished in 2003 (Virtanen et al. 2008). This study is based on

questionnaire surveys conducted among all employees of

the company in spring 2005 and spring 2009. The ques-

tionnaires were distributed at the workplaces to every

employee. It was possible to reply anonymously or to sign

the consent for individual follow-up of the surveys and for

linking to them to the personnel registers of the company

including information on age, gender occupational status,

workplace and duration and interruptions of the job con-

tract. The replies were placed in sealed envelopes which

were collected and forwarded to the researchers. As the

question forms were not addressed to individual

employees, no reminders could be sent. The study was

approved by the ethical committee of Pirkanmaa Hospital

District.

Outcome variable

The main outcome variable, that is, musculoskeletal pain

was assessed by modified questions from the validated

Nordic Musculoskeletal Questionnaire (Kuorinka et al.

1987) with a question on pain or numbness in four ana-

tomical areas (hands or upper extremities; neck or shoul-

ders; low back, and feet or lower extremities) during the

preceding week with the reply scale from 0 (not at all) to

10 (very much). Each reply scale was dichotomized from

the median (less than median: 0 = no and more than

median: 1 = yes). The cutoff values for pain in the upper

extremities, neck and shoulder, low back and lower

extremities were 4, 5, 2 and 2, respectively. All four

dichotomized variables were summed and the sum variable

was expressed in the number of areas with pain (from

0 = no pain to 4 = 4 pain sites). The dichotomous variable

‘‘multi-site pain’’ was then created by further combining 2,

3, and 4 pain sites (0 and 1 pain site as a reference category

‘‘no multi-site pain’’).

Determinants

Environmental exposures

Environmental exposure was constructed from the ques-

tions adopted from the survey of statistics of Finland

(Lehto and Sutela 2009) concerning draught, noise, poor

indoor climate, heat, cold, poor lighting and restlessness of

work environment (noisy and restless workplace) by

summing the replies (scaled from 1 = not at all to

5 = very much) into a sum score variable ranging from 7

to 35. The variable was then further categorized into 3 from

their tertile values and named ‘‘low,’’ (7–16) ‘‘moderate,’’

(17–21) and ‘‘high’’ (22–35) environmental exposure.

Biomechanical factors

Biomechanical factors were addressed with questions about

repetitive work and awkward work postures, giving the

choice on a 5-point Likert scale and categorized into three

equal parts from their tertile values for both variables as

low (1–2), moderate (3) and high (4–5).

Psychosocial factors

Job satisfaction was assessed with a question ‘‘how satis-

fied are you with your work?’’ on a reply scale 0 (totally
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dissatisfied) to 10 (highly satisfied) and classified to 3 equal

categories from tertiles, for example, low (0–7), medium (8),

and high (9–10). Variables ‘‘incentive and participative

leadership’’ (6 items, for example, ‘‘My manager pays

attention to my suggestions and wishes),’’ ‘‘team spirit’’ (6

items, for example, ‘‘My colleagues discuss improvements

to work and/or the work environment),’’ and ‘‘opportunities

to exert influence at work’’ (5 items, e.g.,: ‘‘The organization

allows its employees an opportunity to set their own goals’’)

were created by summing the response scores and divided by

number of variables measured on the 5-point Likert scale

from 1 (totally disagree/very probably not) to 5 (totally

agree/very probably) (Ruohotie 1993). Those three psycho-

social factors were further categorized into 3 equal parts

from their tertile values. The cutoff values for ‘‘incentive and

participative leadership’’ were 3.16 and 3.83. Similarly, the

cutoff values for ‘‘team spirit’’ were 3.16 and 3.66 also for the

‘‘opportunities to exert influence at work’’ were 3.00 and

3.60. The Cronbach’s alphas of these measures from the

reliability test varied between 0.68 and 0.85.

Confounders

The potential confounders were occupational status (blue-

or white-collar), physical exercise and body mass index

(BMI, kg/m2). BMI was calculated using workers’ self-

reported weight and height. The level of physical exercise

during the last month was elicited on a scale from 0 (not at

all) to 7 (strenuous physical activity for more than 3 h a

week).

Statistical analysis

The Chi-square test was used to study the difference in

background characteristics, exposure, and outcome between

study subjects and those lost to follow-up. Logistic regres-

sion analysis was performed to examine whether baseline

environmental exposure, biomechanical factors and psy-

chosocial factors were associated with multi-site pain after

4 years of follow-up. Binary outcomes in cohort studies

could be analyzed by applying a logistic regression model

to the data to obtain odds ratios for comparing groups with

different sets of characteristics (Barros and Hirakanta

2003). The associations are presented as odd ratios and their

95 % confidence intervals (95 % CI). In addition to the

whole cohort, analyses were conducted separately for those

who had multi-site pain at baseline ‘‘persistence of multi-

site pain’’ and those with no multi-site pain at baseline

‘‘onset of multi-site pain’’. The models were built up in 3

steps: Model I: crude odds ratios, Model II: adjusted for age,

gender and occupational status and lastly Model III:

includes those covariates considered as least likely to affect

the association between the exposure and outcome variable

such as variables used to adjust for Model II and physical

exercise and BMI. These analyses were also performed

stratified by gender and age group (cutoff value median age,

i.e., 42 years). All analyses were performed using SPSS

(version 15.0) software.

Results

The response rate at baseline (including those who con-

sented to the use of their individual responses) was 60 %

(1,201/1,985); corresponding figures at follow-up were

72 % (1,398/1,939). A total of 734 employees participated

and consented in both surveys. Of the 518 blue-collar

workers, the majority were food processing and mainte-

nance workers which entails muscular work with a lot of

lifting and carrying in different postures, while of the 216

white-collar employees, the majority worked in manage-

ment. The median age of the respondents was 42 years

ranging from 20 to 62 years at baseline, and two out of

three were women. Those lost to follow-up, that is, who

replied and consented to the individualized use of baseline

questionnaire but did not reply or consent at follow-up

(N = 467), were younger and more often women (60 %),

than were those who responded to both questionnaires.

They were also slightly more often exposed to awkward

work postures and had more often multi-site pain at base-

line (Table 1).

Multi-site pain was common in this cohort of industrial

workers: almost 54 % of the employees had pain in more

than one body area (55 % of the women and 53 % of the

men) at baseline and 50 % at follow-up. The baseline

prevalence in the age groups of 20–30, 31–40, 41–50, and

50? years were 51, 58, 57, and 53 %, respectively. Blue-

collar employees had a higher prevalence of multi-site pain

than white-collar employees (62 vs. 47 %). About one-

third of respondents did not have multi-site pain over the

four follow-up years, 15 % had multi-site pain only at

follow-up, and about 40 % of the all employees had multi-

site pain at both baseline and at follow-up (Table 2).

Among those with multi-site pain at baseline, the persis-

tence of multi-site pain at follow-up was 69 %.

The analyses among all employees showed that work

exposures (environmental exposure, repetitive task, and

awkward work postures) at baseline were strongly associ-

ated with multi-site pain at follow-up with a dose-response

relationship even after adjusting for age, gender, occupa-

tional status, physical exercise, BMI, and baseline pain

(data not shown). Low job satisfaction, low team spirit, and

poor opportunities to exert influence at work at baseline

also predicted multi-site pain, but in the final model only

poor opportunities to exert influence remained significant.
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In the gender-stratified analyses, the difference between

the women and men was small when multi-site pain at

follow-up was related to environmental exposures and

biomechanical factors. However, with respect to psycho-

social factors, mainly low job satisfaction and poor

opportunities to exert influence at work, a gender

Table 1 Characteristics of the

subjects lost to follow-up and

the study subjects

Lost to follow-up Study subjects P value

N = 467 % N = 734 %

Gender 0.028

Female 279 60 480 65

Male 188 40 254 35

Age (years) \0.001

20–30 127 27 132 18

31–40 143 31 206 28

41–50 79 17 244 33

51? 118 25 152 21

Occupational status \0.001

Blue-collar 377 81 524 71

White-collar 90 19 210 29

Environmental exposure 0.816

Low 151 32 249 34

Medium 172 37 259 35

High 144 31 226 31

Biomechanical factors

Repetitive work 0.188

Low 144 31 239 32

Medium 124 27 220 30

High 199 42 275 38

Awkward posture 0.014

Low 137 29 268 37

Medium 150 32 235 31

High 180 39 231 32

Psychosocial factors

Job satisfaction 0.287

High 99 21 184 25

Medium 261 56 396 54

Low 107 23 154 21

Leadership 0.069

Good 153 33 281 38

Intermediate 166 35 260 35

Poor 148 32 193 26

Team spirit 0.886

Good 148 32 242 33

Intermediate 177 38 270 37

Poor 142 30 222 30

Opportunities to exert influence 0.313

Good 157 34 235 32

Intermediate 137 29 246 33

Poor 173 37 253 35

Multi-site pain 0.026

No 185 40 334 46

Yes 282 60 400 54
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difference was seen: multi-site pain at follow-up (with

Model III adjustments) was associated more strongly with

low job satisfaction and poor opportunities to exert influ-

ence at work in men [(odds ratios 3.6 (95 % CI: 1.7–7.7)

and 4.0 (1.8–8.8), respectively)] than in women [(odds

ratios 1.9 (1.1–3.2) and 1.8 (1.3–3.1), respectively)]. Sim-

ilarly, the younger workers had stronger associations rela-

ted to all work environmental factors. The association of

multi-site pain with low job satisfaction and poor oppor-

tunities to exert influence at work for younger employees:

2.7 (1.5–4.8) and 2.8 (1.6–5.1), compared with that

for older workers was 1.8 (1.0–3.4) and 1.8 (0.9–3.4),

respectively.

Environmental exposure and biomechanical factors

under study were associated with onset of multi-site pain

among those with no multi-site pain at baseline year

(Table 3). Of the psychosocial factors, poor opportunities

to exert influence at work also increased the odds, but only

in the crude model.

Repetitive work and awkward work postures were

related to the highest probability of persistent multi-site

pain (Table 4). The odds ratios were higher, even after

adjustments, for low job satisfaction and poor opportunities

to exert influence at work compared with poor team spirit

and poor leadership.

Discussion

This study corroborates existing evidence that musculo-

skeletal pain at multiple body sites concurrently is a

common and persistent phenomenon among working peo-

ple. More than two-thirds of the workers in a food pro-

cessing company reported multi-site pain either at the

beginning or the end of the 4-year follow-up period, and

40 % had multi-site pain at both time-points. Of those with

multi-site pain at baseline, 69 % also experienced persis-

tent pain at follow-up. An important finding is the dose–

response relationship between exposures at work and

multi-site pain: biomechanical factors, such as repetitive

work and awkward work postures, as well as psychosocial

factors, such as poor opportunities to exert influence at

work, showed a graded association with future multi-site

pain. Environmental exposures also increased the risk of

multi-site pain.

Our study is in line with earlier studies in occupational

populations showing that multi-site pain is at least as pre-

valent as, if not more prevalent than single-site pain

(Haukka et al. 2011; Yeung et al. 2002; Gold et al. 2009;

Alexopoulos et al. 2004; Ijzelenberg and Burdorf 2005;

Solidaki et al. 2010; Papageorgiou et al. 2002; Andersson

2004; Hill et al. 2004; Kamaleri et al. 2009). For example,

among kitchen workers, prevalence as high as 73 % have

been reported for musculoskeletal pain occurring in at least

two body sites (Haukka et al. 2006). Pain in two or more

body sites was also more prevalent (64 %) than single-site

pain (19 %) among Chinese manual workers (Yeung et al.

2002). Our results also strongly support the finding from

earlier studies that multi-site pain is likely to persist once

established (Papageorgiou et al. 2002; Kamaleri et al.

2009).

Moreover, multi-site pain being more common among

women in our study is also consistent with other studies

(Picavet and Schouten 2003; Walker-Bone et al. 2004;

Kamaleri et al. 2008b). No linear age-related increase was

detected, which is also in accordance with another study in

actively working populations (Miranda et al. 2009). Multi-

site pain was most prevalent among workers aged 30–50,

becoming less prevalent after 50 years of age. The decrease

in the oldest age-group may indicate the healthy worker

effect; multi-site pain has been linked to work disability

and selection to lighter jobs or entirely out of workforce is

most likely to occur strongly among the oldest workers.

The association of future multi-site pain increased with

the increasing level of biomechanical and psychosocial

factors. The effect of the biomechanical exposures espe-

cially was considerable. Biomechanical exposures have

been linked to multi-site pain in some earlier studies, most

studies being cross-sectional, however. High perceived

physical workload among dentists increased the risk of co-

occurring musculoskeletal pain with odds ratios increasing

2–4-folds with increasing number of pain sites (Alexopo-

ulos et al. 2004). In another cross-sectional study among

Greek workers, a combination of various physical expo-

sures had a strong and graded relationship with the number

of pain sites (Solidaki et al. 2010). In a 2-year follow-up

study among newly employed workers, lifting and poor

work postures predicted the onset of widespread pain

(Harkness et al. 2004). Moreover, in a general population

sample, manual material handling and repetitive work and

awkward postures increased the risk of chronic widespread

pain 3 years later (McBeth et al. 2001). Repetitive work

movements also increased the risk of future episodes of

forearm pain co-occurring with other regional pain by

3–4-fold (Macfarlane et al. 2000).

Table 2 Multi-site musculoskeletal pain at baseline and follow-up

Multi-site pain

at baseline, [n(%)]

Multi-site pain at follow-up, [n(%)]

No Yes

No 213 (29) 108 (15)

Yes 122 (16) 291 (40)

Total n = 734

(100 %)
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In our study, low job satisfaction and particularly poor

opportunities to exert influence (corresponding to job

control) predicted pain at multiple body sites 4 years later.

Our results support the findings from other studies

according to which psychosocial factors contribute to the

development of multi-site pain. However, the number of

prospective studies on psychosocial factors and multi-site

pain is limited. Among kitchen workers, low job control

and low supervisor support were the strongest predictors of

multi-site pain 3 months later. Moreover, adverse changes

in psychosocial factors, especially in job control over a

2-year follow-up period were associated with a higher risk

of having persistent multi-site pain (Haukka et al. 2011).

Among newly employed workers, low job satisfaction and

low social support increased the risk of widespread pain

2 years later (Harkness et al. 2004).

Factors other than those associated with biomechanical

and psychosocial workload may also play a role in the

Table 3 Odds ratios with 95 % confidence intervals (CI) for multi-site pain at 4-year follow-up according to environmental exposure, bio-

mechanical factors, and psychosocial factors in an employee cohort with no multi-site pain at baseline

Baseline exposures All

N = 321

No. of casesa Multi-site pain at follow-up

Model I

OR (95 % CI)

Model II

OR (95 % CI)

Model III

OR (95 % CI)

Environmental exposure

Low 141 35 1.0 1.0 1.0

Medium 109 32 1.3 (0.7–2.2) 1.1 (0.6–2.0) 1.2 (0.6–2.2)

High 55 28 3.1 (1.6–6.0) 2.7 (1.3–5.5) 3.0 (1.4–6.2)

Biomechanical factors

Repetitive work

Low 148 33 1.0 1.0 1.0

Medium 87 33 2.1 (1.2–3.8) 2.1 (1.2–3.9) 2.3 (1.2–4.2)

High 72 29 2.4 (1.3–4.3) 2.2 (1.1–4.3) 2.3 (1.2–4.5)

Awkward work postures

Low 161 35 1.0 1.0 1.0

Medium 95 35 2.1 (1.2–3.7) 2.1 (1.1–3.9) 2.6 (1.4–5.1)

High 51 25 3.5 (1.8–6.7) 3.6 (1.7–7.6) 4.2 (1.9–9.3)

Psychosocial factors

Job satisfaction

High 112 35 1.0 1.0 1.0

Medium 114 33 0.9 (0.5–1.6) 0.9 (0.5–1.6) 0.9 (0.5–1.7)

Low 80 27 1.1 (0.6–2.1) 1.1 (0.6–2.1) 1.2 (0.6–2.3)

Leadership

Good 119 35 1.0 1.0 1.0

Intermediate 101 29 1.0 (0.5–1.7) 0.9 (0.5–1.7) 0.9 (0.5–1.7)

Poor 88 31 1.3 (0.7–2.4) 1.1 (0.6–2.1) 1.1 (0.6–2.0)

Team spirit

Good 138 42 1.0 1.0 1.0

Intermediate 77 23 1.0 (0.5–1.8) 0.8 (0.4–1.6) 0.9 (0.5–1.7)

Poor 93 30 1.1 (0.6–1.9) 0.9 (0.5–1.6) 0.9 (0.5–1.6)

Opportunities to exert influence

Good 126 31 1.0 1.0 1.0

Intermediate 100 30 1.3 (0.7–2.4) 1.2 (0.6–2.3) 1.2 (0.6–2.4)

Poor 81 33 2.1 (1.2–3.8) 1.8 (0.9–3.6) 1.9 (0.9–3.7)

Model I: crude odds ratios

Model II: adjusted for age, gender and occupational status

Model III: Model II ? physical exercise and body mass index
a No. of subjects with multi-site pain at follow-up
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development and persistence of musculoskeletal disorders.

To the best of our knowledge, this is the first study to report

that environmental exposures at work other than biome-

chanical factors also contribute to musculoskeletal pain at

multiple body sites. Of the environmental exposures mea-

sured in our study (draught, noise, poor indoor climate,

heat, cold, poor lighting, and restless work environment),

the strongest individual association with multi-site was

found for restless work environment. We included restless

work environment to our study, as belongs as an item in the

established questionnaire on environmental exposures

adopted for use in this study (Lehto and Sutela 2009); in

other words, it refers to exposure to ‘‘physically’’ restless

environment caused by other people talking and moving

around the site of the work.

Restless work environment as well as psychosocial

loading at work is likely to increase mental stress among

workers, and exposure to stress can exaggerate subsequent

pain experience and lower pain thresholds via many mech-

anisms (Geerse et al. 2006; Imbe et al. 2006). Stress may for

example, increase muscle tension. Cumulative stress has also

been linked to a number of physiological changes in the brain

Table 4 Odds ratios with 95 % confidence intervals (CI) for multi-site pain at 4-year follow-up according to environmental exposure,

biomechanical factors, and psychosocial exposures in an employee cohort with multi-site pain at baseline

Baseline exposures All

N = 413

No. of casesa Multi-site pain at follow-up

Model I

OR (95 % CI)

Model II

OR (95 % CI)

Model III

OR (95 % CI)

Environmental exposures

Low 101 65 1.0 1.0 1.0

Medium 147 91 0.9 (0.5–1.6) 0.9 (0.6–1.6) 0.9 (0.5–1.6)

High 158 113 1.5 (0.8–2.6) 1.5 (0.8–2.6) 1.4 (0.8–2.6)

Biomechanical factors

Repetitive work

Low 82 44 1.0 1.0 1.0

Medium 132 82 1.4 (0.8–2.6) 1.4 (0.8–2.5) 1.6 (0.8–2.8)

High 199 149 2.6 (1.5–4.6) 2.6 (1.5–4.8) 2.7 (1.5–4.8)

Awkward work postures

Low 101 59 1.0 1.0 1.0

Medium 136 86 1.2 (0.7–2.2) 1.3 (0.7–2.4) 1.3 (0.7–2.3)

High 175 129 2.1 (1.2–3.6) 2.3 (1.2–4.2) 1.9 (1.1–3.4)

Psychosocial factors

Job satisfaction

High 75 40 1.0 1.0 1.0

Medium 123 90 1.0 (0.6–1.9) 1.1 (0.6–1.9) 1.0 (0.5–1.9)

Low 172 145 1.9 (1.0–3.5) 2.0 (1.1–3.8) 1.8 (1.0–3.4)

Leadership

Good 127 74 1.0 1.0 1.0

Intermediate 121 91 1.2 (0.7–2.1) 1.2 (0.7–2.1) 1.2 (0.7–2.1)

Poor 153 109 1.2 (0.7–2.1) 1.2 (0.7–2.1) 1.3 (0.7–2.2)

Team spirit

Good 133 80 1.0 1.0 1.0

Intermediate 105 78 1.3 (0.7–2.3) 1.3 (0.7–2.3) 1.4 (0.8–2.5)

Poor 163 117 1.2 (0.7–2.0) 1.2 (0.7–1.9) 1.3 (0.8–2.2)

Opportunities to exert influence

Good 102 58 1.0 1.0 1.0

Intermediate 140 93 1.6 (0.9–2.8) 1.7 (1.0–3.1) 1.5 (0.9–2.7)

Poor 169 123 2.0 (1.2–3.4) 2.1 (1.2–3.6) 1.9 (1.1–3.3)

Model I: crude odds ratios

Model II: adjusted for age, gender and occupational status

Model III: Model II ? physical exercise and body mass index
a No. of subjects with multi-site pain at follow-up
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and body that reflect dysregulated hormonal and autonomic

activity (Lupien et al. 2009; McEwen and Kalia 2010). It has

been reported that chronic stress can activate the immune

system in such a way that pain transmission is facilitated at

the neuronal level (Sauro and Becker 2009).

Earlier studies have concluded that musculoskeletal pain

in general and widespread pain is more common among

women, especially older women (Leveille et al. 2005). In

addition to biological differences (e.g., hormonal factors),

gender segregation at work may at least partially explain the

gender differences in musculoskeletal morbidity. In a large

Finnish study among general working population, in women,

as opposed to men, the highest exposure to most physical

workload factors was found in their later work life. Regarding

psychosocial exposures, no major gender difference was

detected (Kausto et al. 2010). Interestingly, in our study, the

multi-site pain was more strongly related to psychosocial

factors among the men. We also found somewhat higher odds

for multi-site pain among younger (B42 years) workers

related to biomechanical factors, and among older workers

related to environmental exposures. It is possible that older

workers have developed strategies for coping with the

physical and psychosocial demands of the job while younger

workers may lack this experience (IJmker et al. 2007).

The food industry was chosen to represent an occupa-

tional area in which high levels of exposures to physical

and psychosocial load as well as enough variation in the

exposures can be found. Food processing is a universal

industry, employing a considerable proportion of the work-

force, for example, in Finland, 34,000 workers (1–2 % of

the workforce). Typically, work-related accidental injury

and sickness absence rates are remarkably high in food

processing. Musculoskeletal disorders are the major reason

for sick leaves in industrial occupations (Stenbeck and

Persson 2006). To the best of our knowledge, this is the

first study to report work-related risk factors for musculo-

skeletal pain at multiple body sites among food industry

workers.

The study had the advantage of a longitudinal design,

allowing us to examine baseline predictors of multi-site

pain at 4 years for those with and those without multi-site

pain at baseline. Response rates for both surveys were

satisfactory. However, we cannot rule out the possibility

that selection due to differential participation at baseline or

at follow-up affected our results. Selection out of the

workforce is more likely to occur among the workers with

most health problems, as well as the highest exposure

levels, leaving the healthiest workers at the workplaces and

being selected in cohort studies as ours. In our study,

workers who were exposed to poor overall work environ-

ments and had multi-site in the baseline were lost to fol-

low-up. Such biases deflate the associations between

workplace exposures and health outcomes.

The subjects were asked to report pain that had occurred

during the past 7 days. This timeframe increases the like-

lihood that pain had truly occurred at multiple body sites

concurrently and also decreases the likelihood of recall

bias. The perception of musculoskeletal pain, physical

factors and psychosocial were assessed by questionnaire,

that is, no objective measurements were carried out.

However, a self-report method appears to be the best (and

practically only) way of assessing pain in epidemiological

studies because of its complex and subjective nature

(Crombie et al. 1999; Natvig et al. 2001). In addition to

age, gender, and occupational status, BMI and physical

exercise were also considered as confounders, since some

studies have indicated that lifestyle factors are associated

with the number of pain sites (Kamaleri et al. 2008a). One

weakness of this study is that we did not measure personal

factors such as negative affectivity or tendency for soma-

tization, which may affect participant reporting behavior

for both exposure and outcome. They may cause systematic

overestimations and bias the association between exposure

and outcome. Information on smoking was likewise not

collected in this study. In a large population study, smoking

had no effect on multi-site pain (Miranda et al. 2009), so

the effect of unmeasured confounding by smoking is likely

to be minor.

Conclusions

This prospective study provides new evidence on the high

occurrence and persistence of musculoskeletal pain at

multiple body sites in an industrial population. It also

reports a significant association between biomechanical

and psychosocial exposures at work and multi-site pain.

Prevention of multi-site pain is crucial since workers with

multi-site pain are at high risk of work disability. Work-

place interventions to effectively reduce both physical and

psychosocial exposures at work are needed to tackle the

increasing rates of work disability due to common mus-

culoskeletal disorders such as multi-site pain.
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Miranda H, Kaila-Kangas L, Heliövaara M, Leino-Arjas P, Haukka E,

Liira J et al (2009) Musculoskeletal pain at multiple sites and its

effects on work ability in a general working population. Occup

Environ Med 67:449–455

Natvig B, Bruusgaard D, Eriksen W (2001) Localized low back pain

and low back pain as part of widespread pain musculoskeletal

pain: two different disorders? a cross-sectional population study.

J Rehabil Med 33:21–25

Nyman T, Grooten WJ, Wiktorin C, Liwing J, Norrman L (2007)

Sickness absence and concurrent low back and neck-shoulder

pain: results from MUSIC-Norrtälje study. Eur Spine J 16:631–

638

Papageorgiou AC, Silman AJ, Macfarlane GJ (2002) Chronic

widespread pain in the population: a seven year follow-up

study. Ann Rheum Dis 61:1071–1074

Picavet HS, Schouten JS (2003) Musculoskeletal pain in the

Netherlands. Prevalences, consequences and risk groups, the

DMC(3)-study. Pain 102:167–178

Rollman GB, Lautenbacher S (2001) Sex differences in musculo-

skeletal pain. Clin J Pain 17:20–24

Ruohotie P (1993) Ammatillinen kasvu työelämässä. Am-
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Background Multi-site pain is a common phenomenon among working-age people and it strongly increases work

disability risk. Little is known about the impact of musculoskeletal pain on work ability.

Aims To investigate whether the number of musculoskeletal pain sites predicts future poor work ability.

Methods The study was conducted in 2005 and 2009 in a food processing company. A total of 734 workers

participated in the study. The information on self-perceived work ability and musculoskeletal pain

during the preceding week was obtained through a structured questionnaire distributed to employees.

The risk of poor work ability at follow-up related to the number of pain sites at baseline was estimated

with logistic regression.

Results The proportion of poor work ability increased in 4 years from 15 to 22%, parallel to the increase in the

number of pain sites. Among those with ‘non-poor’ work ability at baseline, one-tenth reported their

work ability to be poor after 4 years. The number of pain sites predicted poor work ability after 4 years

of follow-up with a dose–response manner. Those with widespread pain had almost a 3-fold risk of

developing poor work ability at follow-up. The associations were stronger for younger and white-collar

workers.

Conclusions The results of the present study indicate that multi-site musculoskeletal pain at baseline strongly pre-

dicts poor work ability after 4 years among industrial workers. Counting the number of concurrent

pain sites may be a simple method of identifying workers with high risk of work disability in occu-

pational health practice.

Key words Follow-up study; food industry; multiple-site pain; musculoskeletal pain; work ability.

Introduction

Musculoskeletal pain is a common work-related health

problem among the working population. Many epidemio-

logical studies concentrating on the occurrence of muscu-

loskeletal pain have focused on a specific anatomical site.

However, musculoskeletal symptoms often occur in sev-

eral anatomical locations [1–4] and pain at one site is as-

sociated with an increased occurrence of pain at another

site [1]. Musculoskeletal pain at a specific anatomical site

is also associated with increased risk of impaired work

ability and increased sickness absenteeism [2,5].

Work ability is a useful concept in analysing work life,

in particular in responding to the challenge of prolonging

the job tenures of aging workers. The concept is built on

the balance between a person’s resources and work

demands [6]. High physical work demands such as heavy

muscular work, poor work postures and environmental

conditions impair work ability [7–11]. The few earlier

studies concerning the relationship of multiple-site pain

with work ability have mostly measured work ability in

terms of self-reported sickness absence and work disabil-

ity pension [12–15].

Musculoskeletal pain has direct and immediate effects

on work disability [16]. A recent study among a represen-

tative sample of actively working Finnish adults [17]

found that pain at multiple sites imparts considerable risk

for reduced self-perceived work ability. This study had,

however, a cross-sectional design and could not establish

causality between multi-site pain and reduced work abil-

ity. Therefore, longitudinal studies are needed to verify

that the total number of pain sites truly is an important

prognostic factor of poor work ability. This knowledge

has substantial public health importance since counting

pain sites can then act as a simple method in clinical work

for screening workers at high risk of work disability.
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The aim of this study was to investigate in an industrial

population whether the number of pain sites predicts future

poor work ability after 4 years and whether the predictive

effect differs by gender, age group or occupational status.

Methods

A follow-up study in a Finnish food industry company of

about 2000 employees was started in 2003 [18]. Ques-

tionnaire surveys were conducted among all employees

of the company in spring 2005 (N 5 1201) and spring

2009 (N 5 1398). The questionnaires were distributed

in the workplaces, filled in during the working hours,

and the closed reply envelopes were collected and sent

to the researchers. The forms were not addressed to in-

dividual employees; thus, no reminders could be sent.

The respondents provided written consent for linking

the survey data with data on age, gender and occupational

status obtained from the personnel registers of the com-

pany. This study was approved by the ethical committee

of Pirkanmaa Hospital District.

The questions in the survey covered working environ-

ment, work ability and musculoskeletal problems. The out-

come variable or work ability was assessed as a subjective

assessment of current work ability compared with a per-

son’s self-identified lifetime best (i.e. with the question

‘Assume that your work ability at its best has a value of

10 points. What score would you give your current work

ability?’).Thisquestionispartof theseven-itemWorkAbil-

ity Index (WAI) and contains most of the individual differ-

ences of the index [8]. The WAI was developed at the

Finnish Institute of Occupational Health in the 1980s

and has been validated against clinical data [19]. The

WAI is an instrument used in both clinical occupational

health care and in research in several countries (translated

in 26 languages) nowadays. The index is determined on

the basis of the answers to a series of questions regarding

demands of work, workers’ health status and resources

[20].Scores range from0(unable towork) to10(workabil-

ity at its best) and are categorized into excellent (score 10),

good (score 9), moderate (score 8) and poor (scores 0–7)

workability [21]. In this study,workability isdichotomized

into good (8–10) and poor (0–7).

The main determinant, multi-site musculoskeletal

pain, was assessed by modified questions from the vali-

dated Nordic Musculoskeletal questionnaire [22] with

a question on pain or numbness in four anatomical areas

(hands or upper extremities, neck or shoulders, low back

and feet or lower extremities) during the preceding week

with the reply scale from 0 (not at all) to 10 (very much).

Each reply scale was dichotomized from the median (less

than median: 0 5 no and more than median: 1 5 yes). All

four dichotomized variables were summed and the sum

variable was expressed in the number of areas with pain

(from 0 5 no pain to 4 5 4 pain sites).

Age, gender and occupational status (blue-collar and

white-collar), environmental exposure, biomechanical

and psychosocial factors and body mass index (BMI)

and the level of physical activity were included in the

analysis as covariates that may confound the relationship

of musculoskeletal pain with work ability. BMI was calcu-

lated by using self-reported weight and height of the

workers. The level of physical activity during the last

month was asked on a scale from 0 (not at all) to 7 (high

physical activity for more than 3 h a week). Environmen-

tal exposure was constructed from the questions concern-

ing draught, noise, poor indoor climate, heat, cold, poor

lighting and restless work environment [23] by summing

the replies (scaled from 1 5 not at all to 5 5 very much)

into a sum score variable ranging from 7 to 35. Biome-

chanical factors were addressed with questions about

repetitive work and awkward work postures [23], giving

the choice on a 5-point Likert scale. Other potential con-

founders were psychosocial factors at the workplace, for

example job satisfaction was assessed with a question

‘how satisfied are you with your work?’ with a reply scale

0 (absolutely unsatisfied) to 10 (very satisfied) [23]. Var-

iables ‘incentive and participative leadership’ (six items,

e.g. ‘My manager pays attention to my suggestion and

wishes’), ‘team spirit’ (six items, e.g. ‘My colleagues dis-

cuss improvements to work and/or the work environ-

ment’) and ‘possibilities to exert influence at work’

(five items, e.g. ‘The organization allows its employees

an opportunity to set their own goals’) were created by

summing of the response scores measured on the 5-point

Likert scale from 1 (totally disagree/very probably not) to

5 (totally agree/very probably) [24].

Logistic regression analysis was performed to examine

whether baseline multi-site pain predicted the risk of poor

work ability after 4 years of follow-up. Risks are presented

as odds ratios (ORs) and their 95% confidence intervals

(95% CIs). The results of logistic regression analysis were

calculated and presented for all employees and separately

for those who did not have poor work ability in the base-

line. The models were built up in five steps: Model I:

crude ORs; Model II: adjusted for age, gender and occu-

pational status, biomechanical factors and environmental

exposures; Model III: adjusted for physical exercise and

BMI; Model IV: adjusted for job satisfaction, leadership,

team spirit and possibilities to exert influence and Model

V included all the covariates from Model II, Model III

and Model IV. These analyses were also performed strat-

ified by gender, age group and occupational status (cut-

off value median age, i.e. 42 years). All analyses were per-

formed using SPSS (version 15.0) software.

Results

A total of 734 employees participated in both surveys with

response rates of 60% at baseline and 72% at follow-up.
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Of these, 518 were blue-collar employees, the majority

worked in food processing and maintenance, whereas

216 were white-collar employees, mainly working in man-

agement. The mean age of the employees was 41 years (SD

5 9.9) ranging from 20 to 62 years at baseline and two-

thirds were women. Those lost to follow-up (i.e. who

replied to the baseline questionnaire but did not reply at

follow-up) were younger and more often men, compared

to those who replied to both questionnaires. They had more

often multi-site pain and poor work ability at baseline.

Among the 734 subjects, poor work ability was

reported by 106 subjects (15%) at baseline and 161 sub-

jects (22%) at follow-up. Women and men differed only

a little regarding their work ability; 15% of women and

13% of men reported poor work ability at baseline, while

20% of women and 25% of men reported poor work abil-

ity at follow-up. The distributions of poor, moderate,

good and excellent work ability are presented in Table 1.

Table 2 presents the graded association between

number of pain sites at baseline and poor work ability

at follow-up (P value for trend ,0.01). After mutual ad-

justment for various covariates, the risks remained ele-

vated being 3-fold for three to four pain sites (Model

II–IV). After additional adjustment for work ability at

baseline together with all other covariates in the model,

the ORs for three and four pain sites remained signifi-

cantly increased by more than 2-fold for three to four pain

sites (OR for four-site pain 2.1; 95% CI 1.0–4.3).

The association between the number of pain sites and

work ability did not differ by gender. Moreover, the risk of

poor work ability due to three to four-site pain was 4- to 5-

fold for both male and female employees. In the occupa-

tional status-stratified analyses (Table 3), most notable

findings were the high risk of poor work ability in

white-collar employees with four-site pain and the low,

albeit non-significant, risk of white-collar employees with

one-site pain. Two- and three-site pain incurred similar

risks (point estimates 1.9 and 3.3 for the blue-collar

and 2.1 and 3.3 for the white-collar employees in Model

IV) with statistical significance in the case of three-site

pain in blue-collar employees. However, when work abil-

ity at baseline was introduced into the model together

with other covariates, pain lost the significant association

for white-collar workers (Model V; Table 3). Conse-

quently, in the age-stratified analyses (Table 4), the risks

of poor work ability at follow-up differed considerably

among younger and older workers: the younger workers

were at greater risk due to multi-site pain compared to the

older workers. Older workers lost the significant associa-

tion with multi-site pain when baseline work ability was

introduced into the model (Model V).

Table 5 presents the association between number of

pain sites at baseline and poor work ability at follow-up

for those who did not have poor work ability at baseline.

Again, a strong dose–response association was found

(P value for trend , 0.01), with unadjusted ORs for

three-site pain of 2.7 (95% CI: 1.3–5.4) and for four-site

pain of 3.1 (95% CI: 1.6–5.8).

Discussion

The results of this prospective study showed that poor

self-perceived work ability became considerably more

common among industrial worker over the 4 years of

follow-up (about 50% increase in the prevalence) and that

the number of concurrent painful body sites was a strong

predictor of future self-perceived poor work ability. multi-

site pain at baseline increased the risk of poor work ability

even after controlling for baseline work ability and after

exclusion of those with poor work ability at baseline.

Moreover, the relatively minor confounding effect of

the various covariates (including several work-related

confounders), as well as the dose–response increase in

Table 1. Basic characteristics of the study subjects at baseline

Variables All employees

Age (mean, SD) 41 (10.0)

Gender (N, %)

Female 479 65

Male 255 35

Occupational status (N, %)

Blue collar 518 71

White collar 216 29

Physical working conditions (mean, SD)

Environmenta (7–35) 18 (5.5)

Biomechanicsb (2–10) 6 (2.5)

Pain sites (N, %)

None 194 27

One 108 15

Two 147 21

Three 107 15

Four 159 22

Work ability (N, %)

Poor 106 15

Moderate 235 32

Good 274 37

Excellent 116 16

BMI (N, %)

,23 180 26

23.0–25.9 221 32

26.0–28.9 150 22

.29.0 138 20

Physical exercise (N, %)

Not at all or only little 160 22

Moderate 324 45

Much 246 33

Psychosocial factors (mean, SD)

Job satisfaction (0–10) 7.4 (1.8)

Leadership (1–5) 3.5 (0.7)

Team spirit (1–5) 3.5 (0.7)

Possibilities to exert influence (1–5) 3.4 (0.7)

aEnvironmental exposure includes draught, noise, bad indoor climate, heat, cold,

poor lighting and restless environment.

bBiomechanical factors include repetitive work and awkward postures.
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the risks further strengthen the evidence that multiple-site

pain was a strong predictor of poor work ability. To our

knowledge, this study is the first to prospectively establish

this association.

The findings of this study support the results from an

earlier cross-sectional study among a sample of the gen-

eral population in Finland in which multi-site pain was

strongly associated with reduced self-perceived work abil-

ity. Work ability was assessed with respect to the physical

and mental demands of work [17]. In our study, the out-

come variable was based on a single-item question on

work ability compared with the lifetime best with the scale

from 0 to 10. This simple question has been shown to

strongly predict the status and progress of work ability

and has therefore been suggested to be used as a useful

indicator of work ability. It can also be used as a less

time-consuming alternative for the WAI [25].

This study showed that although work ability de-

creased with age and poor work ability was more common

among blue-collar workers, the relationship between

multi-site pain and poor work ability was stronger among

younger and white-collar workers. This is likely to be

caused by a selection bias called the healthy worker

effect, which may cause underestimations in the detected

associations. Those workers with pain at various body

areas may have left the workforce entirely or sought

lighter jobs, whereas those workers, especially the older

manual workers, who remain in the workforce, are health-

ier and more resistant to the effect of widespread

pain symptoms. The presence of a healthy worker

Table 2. The risk of poor work ability at follow-up by the number of musculoskeletal pain sites at baseline among all employees

Pain sites All subjects

(n 5 734)

No. of subjects

with poor work

ability (%)

The risk of poor work ability at follow-up

Model I, OR

(95% CI)

Model II, OR

(95% CI)

Model III, OR

(95% CI)

Model IV, OR

(95% CI)

Model V, OR

(95% CI)

None 194 21 (11) 1.0 1.0 1.0 1.0 1.0

One 108 14 (13) 1.2 (0.6–2.5) 1.1 (0.5–2.4) 1.1 (0.5–2.4) 1.3 (0.6–2.7) 0.9 (0.4–2.1)

Two 147 30 (20) 2.1 (1.2–3.9) 1.8 (1.0–3.4) 2.1 (1.1–3.9) 2.2 (1.1–4.1) 1.5 (0.7–3.1)

Three 107 33 (31) 3.7 (2.0–6.8) 3.2 (1.7–6.0) 3.5 (1.9–6.4) 3.5 (1.8–6.7) 2.5 (1.2–5.3)

Four 159 55 (35) 4.4 (2.5–7.6) 3.3 (1.8–6.0) 3.9 (2.2–7.0) 4.2 (2.3–7.6) 2.1 (1.0–4.3)

Model I: crude ORs; Model II: age, gender, occupational status, biomechanical factors and environmental exposure at baseline; Model III: BMI and physical exercise;

Model IV: job satisfaction, leadership, team spirit and possibilities to exert influence and Model V: Model II 1Model III 1 Model IV 1 baseline work ability.

Table 3. The risk of poor work ability at follow-up by the number of musculoskeletal pain sites at baseline among blue- and white-collar

employees

All subjects

(n 5 734)

No. of subjects

with poor work

ability (%)

The risk of poor work ability at follow-up

Model I, OR

(95% CI)

Model II, OR

(95% CI)

Model III, OR

(95% CI)

Model IV, OR

(95% CI)

Model V, OR

(95% CI)

Blue collar (n 5 518)

Pain sites

None 122 16 (13) 1.0 1.0 1.0 1.0 1.0

One 67 13 (19) 1.6 (0.7–3.6) 1.5 (0.7–3.4) 1.5 (0.7–3.4) 1.6 (0.7–3.8) 1.2 (0.5–3.2)

Two 101 22 (22) 1.8 (0.9–3.7) 1.7 (0.8–3.4) 1.9 (0.9–3.9) 2.0 (0.9–4.2) 1.4 (0.6–3.3)

Three 78 27 (35) 3.5 (1.7–7.1) 3.3 (1.6–6.9) 3.4 (1.7–7.0) 3.4 (1.6–7.3) 2.6 (1.1–6.1)

Four 133 45 (34) 3.4 (1.8–6.4) 3.0 (1.5–5.9) 3.1 (1.6–5.9) 3.6 (1.8–7.2) 2.3 (1.0–5.1)

White collar (n 5 216)

Pain sites

None 72 5 (7) 1.0 1.0 1.0 1.0 1.0

One 41 1 (2) 0.3 (0.1–3.0) 0.3 (0.1–2.8) 0.4 (0.1–3.4) 0.3 (0.1–2.9) 0.2 (0.0–3.2)

Two 46 8 (17) 2.8 (0.9–9.2) 2.3 (0.6–7.9) 2.7 (0.8–9.1) 2.4 (0.7–8.2) 2.2 (0.4–10.6)

Three 29 6 (21) 3.5 (1.0–12.5) 3.0 (0.8–12.0) 3.2 (0.8–11.9) 3.6 (0.9–13.5) 3.6 (0.6–20.8)

Four 26 10 (39) 8.4 (2.5–27.9) 6.3 (1.5–26.0) 7.2 (2.1–24.8) 6.8 (1.9–24.3) 1.9 (0.3–1.1)

Model I: crude ORs; Model II: age, gender, biomechanical factors and environmental exposure at baseline; Model III: BMI and physical exercise; Model IV: job sat-

isfaction, leadership, team spirit and possibilities to exert influence and Model V: Model II 1 Model III 1 Model IV 1 baseline work ability.

566 OCCUPATIONAL MEDICINE

 by guest on N
ovem

ber 30, 2012
http://occm

ed.oxfordjournals.org/
D

ow
nloaded from

 

http://occmed.oxfordjournals.org/


effect is also supported by our loss-to-follow-up analyses:

non-response at follow-up was related to the greater like-

lihood of having multi-site pain and poor work ability at

baseline.

Women tend to report more musculoskeletal pain and

have a higher risk of sickness absence and work disability

pensions, especially due to musculoskeletal disorders

[26]. However, with respect to self-perceived work ability,

some earlier studies among the general population have

indicated that males and females perceive their work abil-

ity to be approximately the same [21,27]. We also did not

find any major gender differences in the perceived poor

work ability related to multi-site pain. This is in line with

the other Finnish study in which the effect of multi-site

pain on perceived work ability did not differ between

the women and the men [17].

This study has strengths, of which the most important

is the prospective follow-up design. In addition to predict-

ing poor work ability at follow-up, the change in work

ability from non-poor to poor was assessed and similar

dose–response risk increases were detected. The response

rates for both surveys were satisfactory. However, it con-

siderably improved at follow-up to 72%. Musculoskeletal

pain reporting concerned the previous 7 days. This time

frame increases the likelihood of pain truly occurring at

multiple body sites concurrently. It also reduces the

Table 5. The risk of poor work ability at follow-up by the number of musculoskeletal pain sites at baseline among those who had ‘non-poor’

work ability at baseline

Pain sites All subjects

(n 5 628)

No. of subjects

with poor work

ability (%)

The risk of poor work ability at follow-up

Model I, OR

(95% CI)

Model II, OR

(95% CI)

Model III, OR

(95% CI)

Model IV, OR

(95% CI)

Model V, OR

(95% CI)

None 186 18 (10) 1.0 1.0 1.0 1.0 1.0

One 101 10 (10) 1.0 (0.5–2.3) 1.1 (0.5–2.4) 1.0 (0.5–2.3) 1.1 (0.5–2.5) 0.9 (0.4–2.3)

Two 125 20 (16) 1.8 (0.9–3.5) 1.7 (0.8–3.4) 1.8 (0.9–3.6) 2.0 (1.0–4.1) 1.7 (0.8–3.7)

Three 85 19 (22) 2.7 (1.3–5.4) 2.6 (1.2–5.6) 2.5 (1.2–5.1) 2.6 (1.2–5.7) 1.9 (0.8–4.4)

Four 117 29 (25) 3.1 (1.6–5.8) 2.7 (1.3–5.3) 2.7 (1.4–5.3) 3.4 (1.7–6.8) 1.7 (0.8–3.7)

Model I: crude ORs; Model II: age, gender, occupational status, biomechanical factors and environmental exposure at baseline; Model III: BMI and physical exercise;

Model IV: job satisfaction, leadership, team spirit and possibilities to exert influence and Model V: Model II 1 Model III 1 Model IV 1 baseline work ability.

Table 4. The risk of poor work ability at follow-up by the number of musculoskeletal pain sites at baseline among younger (,42 years) and

older ($42 years) employees

All subjects

(n 5 734)

No. of subjects

with poor work

ability (%)

The risk of poor work ability at follow-up

Model I, OR

(95% CI)

Model II, OR

(95% CI)

Model III, OR

(95% CI)

Model IV, OR

(95% CI)

Model V, OR

(95% CI)

Younger (n 5 393)

Pain sites

None 115 9 (8) 1.0 1.0 1.0 1.0 1.0

One 54 8 (15) 2.0 (0.7–5.6) 2.1 (0.8–5.8) 2.2 (0.8–6.1) 1.9 (0.6–5.6) 1.7 (0.5–5.2)

Two 77 14 (18) 2.6 (1.1–6.4) 2.6 (1.0–6.6) 2.6 (1.1–6.5) 2.7 (1.0–6.8) 2.1 (0.8–5.9)

Three 60 18 (30) 5.0 (2.1–12.1) 4.8 (1.9–12.2) 4.4 (1.8–10.8) 4.9 (1.9–12.6) 3.2 (1.1–9.4)

Four 87 25 (29) 4.8 (2.1–10.8) 4.2 (1.7–10.3) 4.3 (1.9–10.0) 4.9 (2.0–11.9) 2.9 (1.0–8.0)

Older (n 5 322)

Pain sites

None 79 12 (15) 1.0 1.0 1.0 1.0 1.0

One 54 6 (11) 0.7 (0.2–2.0) 0.6 (0.2–1.9) 0.6 (0.2–1.7) 0.8 (0.3–2.3) 0.4 (0.1–1.6)

Two 70 16 (23) 1.7 (0.7–3.8) 1.3 (0.6–3.2) 1.6 (0.7–3.7) 1.6 (0.7–3.9) 1.0 (0.4–2.7)

Three 47 15 (32) 2.6 (1.1–6.2) 2.3 (0.9–5.6) 2.7 (1.1–6.4) 2.6 (1.0–6.6) 2.0 (0.7–5.8)

Four 72 30 (42) 4.0 (1.8–8.6) 2.9 (1.2–6.7) 3.6 (1.6–8.0) 3.4 (1.5–8.0) 1.3 (0.4–3.6)

Model I: crude ORs; Model II: Occupational status, biomechanical factors and environmental exposure at baseline; Model III: BMI and physical exercise; Model IV: Job

satisfaction, leadership, team spirit and possibilities to exert influence and Model V: Model II 1 Model III 1 Model IV 1 baseline work ability.
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effects of recall bias. A variety of work-related factors, in-

cluding environmental exposures such as cold work envi-

ronment, was considered as confounders. However, the

effects of unmeasured confounding, for example due to

chronic illnesses, cannot be ruled out. The role of age,

gender and occupational status as effect modifiers was in-

vestigated with stratified analyses. The risks varied by age

and occupational status, and hence, they should be con-

sidered in future studies as well. All information was eli-

cited by questionnaire, i.e. no objective measurements

were carried out. However, a self-report method appears

to be the best (and practically only) way of assessing pain

in epidemiological studies [28, 29]. Moreover, the single-

item question on self-perceived work ability is a quick and

cost-effective method especially for clinical use and its re-

sults are easy to interpret [25].

This study represents food industry employees in

which high levels of exposures to physical and psychoso-

cial load can be found. Including white-collar workers in

the cohort increased the variation and contrast in the

exposures. Although sickness absence and work disability

rates are remarkably high in the food industry and mus-

culoskeletal disorders are the major reason for sick leaves

and work disability, the occurrence of musculoskeletal

disorders and its relation with work ability have rarely

been assessed in an epidemiological study. The food pro-

cessing industry is a significant employer in Finland with

about 34 000 workers (1–2% of the workforce).

In conclusion, single-site and multi-site pain have

a very different prognosis with respect to work ability.

Multi-site musculoskeletal pain increases the risk of fu-

ture poor self-perceived work ability, especially among

younger workers. The study results support the view that

simply counting the concurrent pain sites can be used to

screen for workers with high risk of work disability in oc-

cupational health practice. In general, widespread pain

requires special attention and effective preventive meas-

ures in order to improve the work ability and prolong

the work careers of working-age people.
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Abstract

Background: We investigated the separate and joint effects of multi-site
musculoskeletal pain and physical and psychosocial exposures at work on
future work ability.
Methods: A survey was conducted among employees of a Finnish food
industry company in 2005 (n = 1201) and a follow-up survey in 2009
(n = 734). Information on self-assessed work ability (current work ability
on a scale from 0 to 10; 7 = poor work ability), multi-site musculoskeletal
pain (pain in at least two anatomical areas of four), leisure-time physical
activity, body mass index and physical and psychosocial exposures was
obtained by questionnaire. The separate and joint effects of multi-site pain
and work exposures on work ability at follow-up, among subjects with
good work ability at baseline, were assessed by logistic regression, and
p-values for the interaction derived.
Results: Compared with subjects with neither multi-site pain nor adverse
work exposure, multi-site pain at baseline increased the risk of poor work
ability at follow-up, allowing for age, gender, occupational class, body mass
index and leisure-time physical activity. The separate effects of the work
exposures on work ability were somewhat smaller than those of multi-site
pain. Multi-site pain had an interactive effect with work environment and
awkward postures, such that no association of multi-site pain with poor
work ability was seen when work environment was poor or awkward
postures present.
Conclusions: The decline in work ability connected with multi-site pain
was not increased by exposure to adverse physical or psychosocial factors
at work.

1. Introduction

Recent epidemiological studies have shown that multi-
site musculoskeletal pain is very common among the
general (Haukka et al., 2006; Carnes et al., 2007;
Kamaleri et al., 2008) and the working population
(Miranda et al., 2010; Neupane et al., 2011). Studies
with a cross-sectional design have reported a substan-
tial correlation with multi-site pain (MSP) on physical
fitness, general health and functioning (Haukka et al.,

2006; Saastamoinen et al., 2006; Carnes et al., 2007;
Natvig et al., 2010), as well as on self-reported work
ability and plans of early retirement (Miranda et al.,
2010). We have previously found that the number of
pain sites among actively working people predicted
poor work ability 4 years later in a dose–response-like
manner (Neupane et al., 2011).

Work ability is a multidimensional concept
(Ilmarinen, 2006). It reflects the balance between the
work demands and individual resources of a worker. In
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the literature from systematic review, poor work ability
has been associated with high age, low socio-economic
status, high physical and mental demands at work,
poor work autonomy, overweight, lack of leisure-time
physical activity and poor physical capacity (van den
Berg et al., 2009). Among Dutch construction workers,
decreased work ability was associated with awkward
postures [odds ratio (OR) = 2.05; 95% confidence
interval (CI) = 1.86–2.27] and manual handling tasks
(OR = 1.21; 95% CI = 1.01–1.34), high job demands
(OR = 1.11; 95% CI = 1.01–1.21) and low job con-
trol (OR = 1.35; 95% CI = 1.24–1.46; Alavinia et al.,
2007). Prospective studies investigating the role of
work-related exposures on work ability are few. In an
11-year follow-up of municipal employees, declined
work ability was associated with decreased possibilities
for development and influence at work, increased role
ambiguity, increased muscular work, decreased satis-
faction with work tools and workrooms, poor physical
climate and decreased leisure-time physical exercise
(Tuomi et al., 1997). Consistently, excellent work
ability among managers over a 10-year period was
connected with high job control, good organizational
climate and high organizational commitment at base-
line (Feldt et al., 2009).

Our earlier study among food industry workers
showed that multi-site musculoskeletal pain predicts
poor self-perceived work ability, especially among
younger workers (Neupane et al., 2011). That study
left, however, unanswered questions about possible
interactions between MSP and working conditions. It
seems plausible that pain would affect work ability
differently depending on the amount of physical
workload or adverse psychosocial working conditions.
The aim of this prospective study was to examine

these conditions as potential moderators of the asso-
ciation between multi-site musculoskeletal pain and
decline in the work ability. The second aim was to
examine whether and how physical and psychosocial
exposures – separately and jointly with MSP – predict
poor work ability.

2. Methods

2.1 Study design and data collection

This study is a part of a 6-year follow-up survey in one
of the leading food industry companies in Finland
employing more than 2000 employees (Virtanen
et al., 2008). A questionnaire survey was conducted
among all employees of the company in 2005
(n = 1201, response rate 61%) and in 2009 (n = 1398,
response rate 72%). Of the respondents in 2005, 734
subjects (61 %) participated also in the survey in 2009.
The questionnaires were distributed to the work-
places, after which the closed reply envelopes were
collected and sent to the researchers. There were no
reminder rounds. The respondents provided written
consent for linking the surveys data with register data
obtained from the personnel registers of the company
including information on age, gender and occupa-
tional status. This study was approved by the ethics
committee of Pirkanmaa Hospital District.

2.2 Work ability

Work ability was reported as an assessment of current
work ability compared with a person’s self-identified
lifetime best (i.e., with the question ‘Assume that your
work ability at its best has a value of 10 points. What
score would you give your current work ability?’).
This question is part of the 7-item Work Ability Index
(Tuomi et al., 1998) and the currently used single item
has been highly associated to the whole index (Ahl-
strom et al., 2010). Work ability scores ranges from 0
(unable to work) to 10 (work ability at its best) and
were categorized into four groups according to a cross-
sectional population study (Gould et al., 2008), with
following cut-off points: excellent (score 10), good
(score 9), moderate (score 8) and poor (scores 0–7)
work ability. However, for the regression analysis,
work ability was dichotomized as poor work ability
(scores 0–7) and good work ability (scores 8–10).

2.4 Multi-site musculoskeletal pain

Musculoskeletal pain was assessed by modified ques-
tions from the validated Nordic Musculoskeletal Ques-

What’s already known about this topic?
• Multi-site pain is a common phenomenon in the

working population.
• Multi-site pain predicts poor future self-

perceived work ability.
• Decrease in work ability is associated with poor

working conditions.

What does this study add?
• Multi-site pain is associated with a decline in

work ability, which is stronger than that of work-
related exposures.

• The effect of multi-site pain on work ability was
not potentiated by the concurrent occurrence of
physical or psychosocial exposures.

Multi-site pain, working conditions and work ability S. Neupane et al.
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tionnaire (Kuorinka et al., 1987) with a question on
pain or numbness in four anatomical areas (hands or
upper extremities; neck or shoulders; low back; and
feet or lower extremities) during the preceding week
with the reply scale from 0 (not at all) to 10 (very
much). Each reply scale was dichotomized from the
median (less than median: 0 = no and more than
median: 1 = yes). The cut-off values for upper
extremities, neck and shoulder, low back and lower
extremities pain were 4, 5, 2 and 2, respectively. The
four dichotomized variables were summed to inform
about the number of body sites with pain (0 = no pain
to 4 = 4 pain sites). The dichotomous variable ‘multi-
site pain’ was then created by further combining 2, 3
and 4 pain sites (0 and 1 pain site as ‘no multi-site
pain’).

2.5 Psychosocial factors

Variables ‘incentive and participative leadership’ (six
items, e.g., ‘My supervisor pays attention to my sug-
gestions and wishes), ‘team spirit’ (six items, e.g., ‘My
colleagues discuss improvements to work and/or the
work environment’) and ‘possibilities to exert influence at
work’ (five items, e.g., ‘The organization allows its
employees an opportunity to set their own goals’)
were created by summing up the response scores and
dividing them by the number of variables measured
on the 5-point Likert scale from 1 (totally disagree/
very probably not) to 5 (totally agree/very probably;
Ruohotie, 1993). The three psychosocial factors were
further dichotomized by their median values. The cut-
off values for incentive and participative leadership, team
spirit and possibilities to exert influence at work were 3.50,
3.33 and 3.20, respectively. The Cronbach’s alphas of
these measures were 0.68, 0.81 and 0.85, respectively.

2.6 Work environment

An index of environmental exposures at work was
constructed from the questions concerning the occur-
rence of draught, noise, poor indoor climate, heat,
cold, poor lighting and restless work environment by
summing the replies (scale from 1 = not at all to
5 = very much) into a score ranging from 7 to 35. The
variable was then further categorized into ‘low’ (7–19)
and ‘high’ (�20) environmental exposure by the
median value. The Cronbach’s alpha of the index was
0.71

2.7 Biomechanical exposures

Biomechanical exposure was addressed with ques-
tions about the occurrence of repetitive work and

awkward work postures, giving the choice on a 5-point
(1 = not at all, 5 = very much) Likert scale. The vari-
ables were dichotomized by their median values as
‘low’ (1–2) and ‘high’ (�3) exposure.

2.8 Covariates

Age, gender and occupational status (blue collar and
white collar), body mass index (BMI) and the level of
leisure-time physical activity were included in the
analysis as covariates that may confound the relation-
ships of work environmental factors and musculosk-
eletal pain with work ability. The level of physical
activity during the past month was asked by a scale
from 0 (not at all) to 7 (high physical activity for more
than 3 h a week).

2.9 Statistical analysis

To study the separate and joint effects of MSP and
various work-related exposures, new variables were
created combining the dichotomous variables into
four category variables as follows: (1) neither MSP nor
adverse work exposure, (2) MSP but no adverse work
exposure, (3) no MSP but adverse work exposure and
(4) MSP and adverse work exposure. Logistic regres-
sion was performed to examine whether baseline MSP
or work factors separately or jointly predicted poor
work ability at the 4-year follow-up. The regression
analyses were restricted among those with ‘non-poor
work ability’ at baseline. Odds ratios and their 95% CI
were calculated. The models were built up in four
steps: model I: adjusted for age and gender; model II:
adjusted for the variables in model I plus occupational
status; model III: adjusted for the variables in model II
plus physical or psychosocial variables at baseline; and
model IV: adjusted for the variables in model II plus
leisure-time physical activity and body mass index.
Age was forced into the models as a continuous vari-
able throughout the analyses.

To assess if work exposures and MSP modify each
others effects on work ability, p-values for their inter-
actions were derived from the fully adjusted logistic
regression models. The nature of those interactions
was ascertained by stratification according to the level
of psychosocial and physical factors.

All analyses were performed using SPSS (version
15.0, SPSS Inc., Chicago, IL, USA) software.

3. Results

The age of the 734 subjects who participated in the
4-year follow-up survey ranged between 20 and 62

S. Neupane et al. Multi-site pain, working conditions and work ability
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years (mean 41, standard deviation 9.9) at baseline.
There were 518 blue-collar employees (Table 1), the
majority of whom were food processing and mainte-
nance workers, and 216 white-collar employees, the

majority working in administrative duties. Compared
to those who replied to both questionnaires, the non-
respondents in the follow-up survey were younger;
mostly, men were more often exposed to poor physical
and psychosocial factors and had mostly poor work
ability.

The prevalence of poor work ability was 14%
(n = 106) at baseline and 22% at follow-up (n = 161).
A total of 16% estimated their work ability as excel-
lent at baseline and 14% at follow-up (data not
shown). Women and men did not differ regarding
their work ability, but there were differences by age
group, poor work ability becoming more prevalent
with age. Also, blue-collar workers reported more
often poor work ability.

Adjusted risk estimates of poor work ability at
follow-up in relation to baseline MSP, psychosocial
exposures and their combinations, among the
employees with ‘non-poor work ability’ at baseline are
shown in Table 2. In model III, when adjusted also for
baseline psychosocial factors, an increased risk of
future poor work ability was either due to the pres-
ence of MSP or both exposures. In the adjusted models
(model IV), MSP increased the risk of future poor
work ability with the OR of 2.4 (95 % CI = 1.1–4.9),
when leadership was assessed to be good, and with the
OR of 2.7 (95% CI = 1.4–5.1), when possibilities to
exert influence at work were good. The former OR
slightly increased and the latter decreased when the
psychosocial work factors were assessed as poor. There

Table 1 Characteristics of background variables.

All employees

at baseline

Employees with

‘non-poor’ work

ability at baseline

n = 734 % n = 628 %

Gender

Female 479 65 407 65

Male 255 35 221 35

Age (years)

20–30 132 18 121 20

31–40 205 28 170 27

41–50 244 33 209 33

51+ 153 21 128 20

Occupational status

Blue collar 518 71 433 69

White collar 216 29 195 31

Leisure-time physical activity

Not at all or only little 160 22 128 20

Moderate 324 44 267 43

Much 250 34 233 37

Body mass index (kg/m2)

<23 180 25 162 26

23.0–25.9 230 31 204 33

26.0–28.9 153 21 128 20

>29.0 171 23 134 21

Table 2 Separate and joint effects of multi-site musculoskeletal pain (MSP) and exposure to poor leadership, poor team spirit and poor possibility to exert

influence on poor work ability at follow-up, among employees with ‘non-poor’ work ability at baseline. Logistic regression analysis, odds ratios (OR) with

95% confidence intervals.

n = 628

No. of subjects with

poor work ability (%)

OR (95%CI)

Model I Model II Model III Model IV

MSP/poor leadership

No/no 157 13 (8) 1 1 1 1

Yes/no 141 19 (14) 2.6 (1.3–5.3) 2.5 (1.2–5.0) 2.7 (1.3–5.5) 2.4 (1.1–4.9)

No/yes 144 27 (19) 1.8 (0.8–3.7) 1.6 (0.7–3.3) 1.8 (0.7–4.4) 1.6 (0.8–3.5)

Yes/yes 186 42 (23) 3.3 (1.7–6.5) 2.9 (1.5–5.7) 3.3 (1.4–7.5) 2.8 (1.4–5.6)

MSP/poor possibilities to exert influence

No/no 208 22 (11) 1 1 1 1

Yes/no 193 53 (28) 2.9 (1.6–5.5) 2.8 (1.5–5.3) 2.9 (1.5–5.5) 2.7 (1.4–5.1)

No/yes 114 21 (18) 2.1 (1.0–4.4) 1.6 (0.7–3.3) 1.1 (0.4–2.9) 1.7 (0.8–3.5)

Yes/yes 219 65 (30) 3.0 (1.6–5.6) 2.3 (1.2–4.3) 1.6 (0.6–4.0) 2.2 (1.1–4.3)

MSP/poor team spirit

No/no 180 23 (13) 1 1 1 1

Yes/no 200 50 (25) 1.7 (1.0–3.1) 1.6 (0.9–2.9) 1.6 (0.9–2.9) 1.5 (0.8–2.8)

No/yes 141 20 (14) 0.7 (0.3–1.5) 0.6 (0.3–1.3) 0.6 (0.2–1.5) 0.6 (0.3–1.3)

Yes/yes 213 68 (32) 2.0 (1.1–3.7) 1.7 (0.9–3.1) 1.7 (0.7–3.8) 1.7 (0.9–3.1)

Model I: age and gender; model II: model I+ occupational status; model III: model II+ poor leadership, poor possibilities to influence and poor team spirit

at baseline; model IV: model II+ leisure-time physical activity and BMI.
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was an influence of MSP on poor work ability under
good team spirit when adjusted for age and gender,
but the effect attenuated with further adjustments.
Poor leadership, poor possibilities to exert influence
and poor team spirit were not predictive of poor work
ability, separately from MSP, when all covariates were
considered.

The joint effect of MSP and poor leadership on work
ability was only slightly stronger than that of MSP
separately (model III, OR = 2.8 and OR = 2.4, respec-
tively). In contrast to this, the joint effect of MSP and
poor possibilities to exert influence was slightly lower
than the separate effect of MSP (OR = 2.2 and
OR = 2.7). The effect of the combination of MSP and
poor team spirit on work ability failed to reach statis-
tical significance in models II, III and IV.

Table 3 shows the adjusted risk estimates of poor
work ability at follow-up in relation to baseline MSP,
biomechanical and work environmental exposures,
and to the combinations of MSP with these exposures.
Work environmental exposures (model IV, OR = 2.3;
95% CI = 1.0–4.9) and awkward postures (OR = 3.7;
95% CI = 1.6–9.0) as well as MSP (OR = 3.1; 95%
CI = 1.6–5.9 and OR = 4.6; 95% CI = 1.8–11.3, respec-
tively) were separately predictive of poor work ability.
The joint effect of MSP with poor work environment
or awkward postures was intermediate in size com-
pared with the separate effects in the fully adjusted
models. Neither MSP nor exposure to repetitive move-

ments influenced work ability when adjusted for all
covariates, while their combination did (OR = 2.9;
95% CI = 1.5–5.9).

The interaction terms of MSP and the psychosocial
factors on work ability turned out as statistically non-
significant. Of the physical factors, the interaction was
significant for work environment * MSP (p = 0.030)
and for awkward postures * MSP (p = 0.012). The
nature of these interactions is displayed in Table 4,
which demonstrates that MSP increased the risk of
poor work ability when working conditions were good
(ORs varied between 2.0 and 4.7), but not when
working conditions were poor (ORs between 1.1 and
1.7).

4. Discussion

To our knowledge, this study is the first to report
separate and combined effects of MSP and physical
and psychosocial work exposures on work ability in a
prospective design. The results show that MSP had a
clear separate influence on the decrease of work
ability that was stronger than the effect of the work
exposures. Poor work environment (OR = 3.1; 95%
CI = 1.6–5.9) and awkward postures (OR = 4.6; 95%
CI = 1.8–11.3) had a negative separate influence on
future work ability. We also found an interaction
between MSP and work environment on one hand,
and MSP and awkward postures, on the other. This

Table 3 Separate and joint effects of multi-site musculoskeletal pain (MSP) and exposure to poor work environment, awkward postures and repetitive

movements on poor work ability at follow-up, among employees with ‘non-poor’ work ability at baseline. Logistic regression analysis, odds ratios (OR) with

95% confidence intervals (CI).

n = 628

No. of subjects with poor

work ability (%)

OR (95% CI)

Model I Model II Model III Model IV

MSP/poor work environment

No/no 222 21 (10) 1 1 1 1

Yes/no 175 45 (26) 3.2 (1.7–6.1) 3.2 (1.7–6.1) 2.8 (1.4–5.4) 3.1 (1.6–5.9)

No/yes 99 22 (22) 2.7 (1.3–5.7) 2.1 (1.0–4.5) 2.1 (0.8–5.7) 2.3 (1.0–4.9)

Yes/yes 238 73 (31) 3.2 (1.7–6.0) 2.6 (1.3–4.9) 2.3 (0.9–5.7) 2.5 (1.3–4.8)

MSP/awkward postures

No/no 167 9 (5) 1 1 1 1

Yes/no 102 25 (25) 4.3 (1.7–10.5) 4.4 (1.8–10.9) 4.3 (1.7–10.6) 4.6 (1.8–11.3)

No/yes 154 34 (22) 4.5 (1.9–10.4) 3.5 (1.5–8.3) 2.9 (1.2–7.2) 3.7 (1.6–9.0)

Yes/yes 311 93 (30) 5.8 (2.7–12.7) 4.6 (2.0–10.3) 3.5 (1.4–8.4) 4.4 (1.9–10.0)

MSP/repetitive movements

No/no 159 16 (10) 1 1 1 1

Yes/no 82 19 (23) 2.1 (0.9–5.1) 2.1 (0.9–5.0) 1.9 (0.8–4.7) 2.1 (0.8–5.1)

No/yes 162 27 (17) 2.1 (1.0–4.6) 1.7 (0.8–3.7) 1.3 (0.6–2.9) 1.8 (0.8–4.0)

Yes/yes 331 99 (30) 3.7 (1.9–7.3) 3.0 (1.5–6.0) 2.1 (1.0–4.6) 2.9 (1.5–5.9)

Model I: age and gender; model II: model I+ occupational status; model III: model II+ environmental exposures, awkward postures and repetitive

movements at baseline; model IV: model II+ leisure-time physical activity and BMI.
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interaction was such that MSP increased the risk of
poor work ability when working conditions were good
but not when working conditions were poor.

We found that only one psychosocial factor at work
(possibility to exert influence) among workers free of
MSP increased the risk of poor work ability when
adjusted for age and gender (OR = 2.1; 95% CI = 1.0–
4.4). The effect became smaller with subsequent
adjustments. In analyses stratified by psychosocial
exposures, MSP had an effect on future work ability
only in the absence of poor psychosocial exposures – a
similar finding to that with physical exposures.

Our results are in line with previous studies report-
ing on the importance of pain in several body sites on
perceived work ability (Miranda et al., 2010; Neupane
et al., 2011) and decreased work ability leading to
sickness absence (Morken et al., 2003; Nyman et al.,
2007) or work disability pension (Kamaleri et al.,
2009). The results also corroborate findings showing
that high physical workload and high work environ-
mental exposures increase the risk of poor work ability
(Gamperiene et al., 2008; Alavinia et al., 2009; van
den Berg et al., 2009). Work-related physical risk
factors such as working in awkward postures were
strongly associated with poor work ability among
Dutch construction workers (Alavinia et al., 2009). In
another study of female workers, poor self-reported

physical health and unskilled work were the strongest
factors associated with reduced work ability (Gampe-
riene et al., 2008). Of the environmental exposures
measured in our study (draught, noise, poor indoor
climate, heat, cold, poor lighting and restless work
environment), the strongest individual association
with poor work ability was found for restless work
environment. Statistical significance of the interac-
tions indicates that physical conditions are an impor-
tant moderator of the MSP-related decline in work
ability. Lower risk in more adverse conditions seems
paradoxical. It may be due to stronger MSP-related
healthy worker effect. In particular, this finding is
pending replication studies with data about the MSP-
related replacements and rearrangements of the jobs
within the company as well as about the routes of exit
from the company.

Poor leadership and team spirit (or work climate)
are concepts that have gained increasing attention in
occupational research. They both have been shown to
affect workers’ health and predict disability (Son-
nentag and Zijlstra, 2006; Sinokki et al., 2010). The
evidence suggests that psychosocial factors can con-
tribute to the development of work-related muscu-
loskeletal pain (Macfarlane et al., 2009) and MSP
(Haukka et al., 2011), and a recent study showed that
mental stress mediates the effect of pain on disability
(Hall et al., 2011). It is possible that there exists a
cumulative process where adverse psychosocial factors
and MSP influence each others. Our results suggest
that once MSP has appeared, its interaction with
work-related psychosocial conditions is non-
significant, in other words, the conditions are not
anymore an important moderator with respect to the
decline of work ability. Moreover, earlier research
seems not to report our finding that poor psychosocial
working conditions do not influence work ability in
the absence of MSP.

In addition to replicating the findings of our earlier
study (Neupane et al., 2011) with the cohort with
‘non-poor’ work ability at baseline, this study pro-
vided insight to the importance of the physical and
psychosocial conditions and contexts for the conse-
quences of pain among working population, in par-
ticular among workers of food processing industry.
This work sector was chosen to represent an occupa-
tional area with high levels of exposures to physical
and psychosocial loading. The food processing indus-
try employs in Finland 34,000 workers (1–2% of the
workforce). Typically, work-related accidental injuries
and sickness absence rates are high in food processing.
Musculoskeletal disorders are the major reason for
sick leaves in industrial occupations. Also, we may

Table 4 Associations of multi-site pain (MSP) with poor work ability at

follow-up, among the employees with good work ability at baseline, strati-

fied by psychosocial and physical work factors. Logistic regression analy-

ses adjusted for age, gender, occupational status, physical activity and

BMI. Odds ratios (OR) with 95% confidence intervals (CI).

No. of subjects (n = 628) Good Poor

Psychosocial working conditions

Leadership

No MSP 1 1

MSP 2.2 (1.0–4.5) 1.7 (0.9–3.2)

Team spirit

No MSP 1 1

MSP 2.9 (1.4–6.0) 1.5 (0.8–2.9)

Possibilities to exert influence

No MSP 1 1

MSP 2.7 (1.4–5.2) 1.3 (0.7–2.6)

Physical working conditions

Environmental exposure

No MSP 1 1

MSP 3.0 (1.6–5.9) 1.1 (0.6–2.2)

Repetitive movements

No MSP 1 1

MSP 2.0 (0.8–5.1) 1.6 (0.9–2.9)

Awkward posture

No MSP 1 1

MSP 4.7 (1.9–11.9) 1.2 (0.7–2.1)

Multi-site pain, working conditions and work ability S. Neupane et al.
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argue that corresponding study in any work sector
with heavy manual work would yield similar findings.

The prospective design is among the strengths in our
study. Response rates for both surveys were satisfac-
tory. However, we cannot rule out the possibility of a
selection due to differential participation at baseline or
at follow-up affected our results. Selection out of the
workforce is more likely to occur among the workers
with health problems, as well as with the highest
exposure levels, leaving the healthiest workers at the
workplaces, for instance to be selected in cohort
studies such as ours. Such a bias deflates the asso-
ciations between workplace exposures and health
outcomes.

The validated Nordic Musculoskeletal Question-
naire (Kuorinka et al., 1987) was used in the study. It
measures musculoskeletal pain that has occurred
during the past 7 days. This time frame increases the
likelihood that pain had truly occurred at multiple
body sites concurrently and which also decreases the
likelihood of a recall bias. The information regarding
musculoskeletal pain, physical factors and psychoso-
cial factors were measured by questionnaire, i.e., no
objective measurements were carried out. However, a
self-report method appears to be a good (and practi-
cally only) way of assessing pain in epidemiological
studies because of the complex and subjective nature
of the pain (Crombie et al., 1999; Natvig et al., 2001).
Physical and psychosocial factors were measured by
using single-item question, which have already been
used in scientific research since 1977 in Finnish Sta-
tistics (Virtanen et al., 2008; Lehto and Sutela, 2009).
In addition to age, gender and occupational status, also
BMI and physical exercise were considered as possible
confounders, since some studies have indicated that
lifestyle factors are associated with the number of pain
sites and work ability (Miranda et al., 2010). However,
we did not find that those factors had much influence
on our results.

Work ability was measured by a single-item ques-
tion. In addition to being a quick and cost-effective
method, it has been shown to be valid especially for
clinical use and its results are easy to interpret (Ahl-
strom et al., 2010). Work ability could be considered as
an intermediate variable between exposures and
future work ability, and a follow-up of those with
non-poor work ability at baseline would decrease the
power to determine additional effects of baseline
exposures on future poor work ability.

Personal factors such as negative affectivity or ten-
dency for somatization can affect participant reporting
behaviour for both exposure and outcome, which may
be a weakness of this study. They may cause system-

atic overestimations and bias the association between
exposure and outcome. This calls for the development
of objective measurement options of both physical
exposures and psychosocial factors at work, applicable
in epidemiological studies.

This prospective study indicates a clear effect of MSP
on the decline in work ability, separate from and
stronger than those of work-related exposures. It also
shows that the effect of MSP on work ability was not
potentiated by the concurrent occurrence of physical
or psychosocial exposures at work. However, a limited
number of work exposure variables available is a limi-
tation of our study. The results also imply that among
workers without widespread pain symptoms, poor
work environment and high biomechanical exposures
are associated with an increased risk of future poor
work ability, while some central psychosocial factors at
work may be less significant. On the other hand, the
decreasing effect of MSP on work ability was only seen
among employees without adverse physical or psy-
chosocial working conditions. The latter suggests that
once MSP has appeared, work-related influences on
work ability decrease in importance. Therefore, occu-
pational health care services should pay attention to
screen and alleviate adverse physical and psychosocial
working conditions as well as MSP in order to help
workers to sustain work ability for the future. We
hope that these findings can guide prevention efforts
among food industry workers and similar occupational
groups and may have importance public health impli-
cations for this labour force.
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