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Eija Haukka,1 Juha Liira,3 Eira Viikari-Juntura1

ABSTRACT
Objectives Musculoskeletal pain often occurs at multiple
sites concurrently. The aim of this study was to examine
the associations between multi-site pain and self-rated
work ability and retirement plans among actively working
people.
Methods The Health 2000 Survey was carried among
a representative sample of Finnish adults.
Musculoskeletal pain during the preceding month in the
lower back, neck or shoulders, upper extremities, hips
and lower extremities, and work ability and intentions to
retire early were assessed. Subjects were also clinically
examined. Analyses were restricted to 30e64-year-old
subjects actively working during the preceding
12 months who provided information on work ability
outcomes (population-weighted number of
subjects¼4087). Log-binomial regression was used to
estimate prevalence ratios of reduced work ability.
Results Single-site pain was reported by 33% of
subjects, 20%, 9% and 4% reported pain in two, three
and four sites, respectively, and 8%e15% reported poor
work ability. Every fifth person had thought about retiring
early. Age- and gender-adjusted risks of poor physical
work ability and own prognosis of poor future work ability
increased from 2 for single-site pain to 8 for pain at four
sites. Risks remained considerably elevated after
adjustment for various covariates, including clinical
musculoskeletal disorders and functional capacity. Poor
current work ability was most affected by multi-site pain
at older age (50e64 years) and intentions to retire early
at age 40e49 years.
Conclusions Co-occurring pain is a considerable threat
to work ability. Workers with multi-site pain may benefit
from targeted preventive measures to sustain their work
ability. Future studies should also consider multi-site pain
as an important risk factor for reduced work ability.

INTRODUCTION
Several recent population-based studies have
shown that people often have pain at several body
sites concurrently.1e3 In some studies, multi-site
pain has been more frequently reported than single-
site pain.1 Consequently, two recent editorials of
a leading pain research journal have suggested that
the basic expectation should be that one local pain
accompanies another, irrespective of pain site.4 5

This brings a new perspective to epidemiological
research on musculoskeletal disorders, which has
traditionally focused on assessing pain at a single
site, most often in the lower back, and ignored the
presence of pain at other sites.
The consequences of multi-site pain seem to be

worse than those of single-site pain. In a population

study with a 4-year follow-up, localised low back
pain alone did not predict long-term work
disability, but when low back pain was part of
a widespread pain condition, a significant increase
in the disability risk was found.6 In another study,
problems in functioning, measured with physical
fitness, feelings, daily activities and social activities,
increased almost linearly with the increasing
number of pain sites, whereas experiencing single-
site pain did not have an impact on functional
status.1 Also, other studies have reported wide-
spread pain affecting everyday functioning and
quality of life.7e9

Several studies on multi-site pain and work
ability have measured work ability in terms of sick
leave or disability pension.10e13 Although these
outcomes are objective and valid, they are also
always tied to the current social security system
used by the particular country or employer. Self-
rating of work ability is less prone to the effect of
existing social benefits and therefore more suitable
for cross-study comparisons. Work ability can be
assessed by people themselves, and these assess-
ments are relatively robust predictors of future
disability.14e17 A recent systematic review18

summarised the individual and work-related deter-
minants of work ability and showed that poor
musculoskeletal capacity is related to poorer work
ability measured with the Work Ability Index
(WAI).15 Pain as such was not included in the
review.18 Although there is evidence that pain has
a strong and immediate causal effect on work
ability,19 little is known of the effect of multi-site
pain on self-rated work ability. The aim of this
population-based study was to investigate whether
the number of pain sites is associated with self-
rated work ability and plans to retire early.

What this paper adds

< Pain at multiple sites concurrently is a common
phenomenon among working people.

< Multi-site pain poses a considerable threat to
work ability.

< Future studies should consider multi-site pain as
an important risk factor for reduced work ability.

< Multi-site pain should be screened for and given
special attention, for example. in health check-
ups organised by occupational health services.

< Workers with multi-site pain may benefit from
better targeted preventive measures in order to
sustain their ability to work.

See Editorial, p 434
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METHODS
Study subjects and design
A national health examination survey was carried out between
autumn 2000 and spring 2001 in Finland.20 The main emphasis
of this Health 2000 Survey was to obtain up-to-date informa-
tion from Finnish adults on cardiovascular, respiratory, muscu-
loskeletal and mental diseases and related disability, treatments
and risk factors. The survey consisted of several questionnaires,
an extensive home interview, laboratory and functional capacity
tests, and clinical examination.21 The nationally representative
population sample of Finnish adults (30 years or older) was
formed using a two-stage cluster sampling method whereby
Finland was stratified into 20 strata, that is, the 15 biggest cities
and five university hospital districts. The 15 cities and 65 of the
234 municipalities or groups of municipalities with joint
primary care (within the five university hospital districts) drawn
by systematic sampling, formed the 80 clusters. A total of 8028
persons aged 30e99 years were originally sampled from the
clusters. The study population in this paper consisted of 30e64-
year-old participants who were actively working during the
preceding 12 months.

Outcomes
The five outcomes in this study were self-rated ability to work
(four features) and plans to retire early. The home interview
included questions on perceived current work ability with
respect to the physical demands of work (outcome I) and with
respect to the mental demands of work (outcome II). The
response options ‘good or very good’ were classified as 0 (refer-
ence category) and ‘moderate, poor or very poor ’ as 1. Future
work ability was assessed with two questions: own prognosis of
work ability 2 years from now (outcome III: 0¼will improve or
remain stable; 1¼will deteriorate) and ability to continue
working with regard to health issues in the same job for the next
2 years (outcome IV: 0¼rather certain; 1¼don’t think so or not
sure). Outcomes IeIII were items derived from the validated
WAI.15 Retirement plans (outcome V) were assessed with the
question: Have you thought about retiring early, before the age
of the old-age pension? (0¼no; 1¼sometimes or often).

Determinant
The main determinant was the number of anatomical sites with
pain. The subjects were asked in an interview whether they had
experienced pain in the neck or shoulders, low back, upper
extremities, and hips or lower extremities during the preceding
month (no/yes). Pain in the shoulders, hips and extremities
included right, left or both sides. A pain variable with five
categories was constructed (0¼no pain to 4¼pain in all four
sites).

Covariates
Covariates included in the analyses were chosen based on liter-
ature and prior knowledge. More detailed descriptions of the
variables have been published elsewhere.21 The demographic
factors were age, gender, education (years) and marital status.
Body mass index (BMI, kg/m2) was based on height and weight
measured in the clinical examination. Smoking (never, ex-,
current smoker) was assessed during the face-to-face interview,
and physical exercise (times per week, for at least 30 min) with
a questionnaire. Of the work-related factors, physical work load
was assessed in the interview with questions about being
exposed to any of the following for more than half of the daily
work time: lifting, carrying, working in awkward postures, with
a hand above shoulder level, on one’s knees or in a squatting

position, using repetitive hand motions, or forceful hand activ-
ities. Psychosocial factors included psychological demands at
work (five items from the Job Content Questionnaire, JCQ), job
control (eight items from the JCQ) and social support at work
(supervisor and co-worker support, four items from the JCQ22),
as well as job insecurity (five items).23

Of the health-related factors assessed by interview and the
questionnaires, the following variables were included in the
analyses: somatisation (Symptom Checklist; sum index of 10
items, three pain-related items excluded),24 self-rated health
(one item),25 psychological well-being (General Health Ques-
tionnaire: sum index of 12 items)26 and sleep problems (one
question from the 15-Dimension Quality of Life question-
naire).27 Somatic diseases (cardiovascular, respiratory, etc) and
musculoskeletal disorders were diagnosed by the examining
physician.28 Self-perceived functional capacity was assessed
during the interview with the following questions on six
activities: Are you able (nowadays) to run a long distance (about
half a kilometre); run a short distance (about 100 m); climb
several flights of stairs without resting; climb one flight of stairs
without resting; walk about 2 km without resting; or walk
about half a kilometre without resting? The response categories
for each item were: without difficulty; with minor difficulty;
with major difficulty; and not at all.29 A sum index was formed
from these items.

Data analyses
The associations between the main independent variable and the
outcomes were estimated with log-binomial regression, and if
the log-binomial model failed to converge, the COPY method
was used.30 Risks are presented as prevalence ratios (PRs) with
95% CIs. The covariates had to be related to both the outcome
and the main independent variable to be included in the
modelling. All covariates except smoking and physical activity
fulfilled this criterion. Due to the cross-sectional design,
modelling was performed in several steps. First, the regression
models were adjusted for age and gender. Second, those cova-
riates which were considered as least likely to lie on the causal
pathway between the independent and dependent variable, were
included in the models. These variables were education, marital
status, physical work load, BMI and somatic diseases. The third
step in the modelling included psychosocial work-related factors
and tendency for somatisation. The last step included variables
that were potentially on the causal pathway, that is, clinically
diagnosed musculoskeletal disorders, psychological well-being,
sleep problems, self-perceived health and functional capacity.
The purpose of also adjusting for these possible intermediate
variables was to estimate the independent effect of multi-site
pain on the work ability outcomes, regardless of the presence of,
for example, a clinical musculoskeletal disorder or reduced
functioning.
Effect modification by age and gender was investigated with

stratified analyses. Since the proportion of missing values was
less than 10% for the main independent variable as well as
covariates, complete participant analyses were performed.31 The
distributions of the outcomes, main independent variable and
covariates both among subjects included in and excluded from
the multivariable models are presented separately to demon-
strate that no selection bias due to missing values occurred, and,
for example, multiple imputations for various covariates were
not needed. The population weighting was used to correct the
age, sex, living district and language distributions of the sample
to correspond with those of the Finnish population. Statistical
analyses were performed with SAS v 9.2.
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RESULTS
The study population consisted of 30e64-year-old subjects
(n¼5871), of whom 88% (n¼5152) participated in the interview
and 83% (n¼4886) attended the health examination. In the
present study, the analyses were restricted to subjects who were
actively working during the preceding 12 months and who
provided complete information on the work ability outcomes
(population-weighted number of subjects¼4087).

Among these 4087 subjects, poor work ability with respect to
physical work demands was reported by 636 subjects (16%) and
poor work ability with respect to the mental demands of work
by 556 subjects (14%). A total of 542 subjects (13%) estimated
that their work ability will deteriorate during the next 2 years,
and 332 subjects (8%) estimated that they will not be able to
continue working due to health issues in the same job for the
next 2 years. Women and men did not differ regarding these
outcomes. Only retirement plans differed slightly between the
genders: 21% of the women and 16% of the men had often
thought about retiring early before the old-age pension (18% of
all subjects, n¼745). The distributions of poor current and
future work ability and retirement plans are presented in table 1
and by age group in figure 1.

One third of subjects had musculoskeletal pain in one site only
during the preceding month, while 20%, 9% and 4% had pain in

two, three and four sites, respectively. Multi-site pain increased
the risk of poor physicalwork ability: the age- and gender-adjusted
PR was 1.9 (95% CI 1.4 to 2.6) for those with single-site pain,
increasing to 6.0 (95% CI 4.6 to 7.8) for four pain sites (table 2).
After stepwise adjustment for various covariates, the risks
remained considerably elevated for those with multi-site pain.
The PRs for poor mental work ability were generally lower than
those for poor physical work ability (table 2).
Pain had a strong association with the participant’s own

prognosis of work ability in the next 2 years measured with two
separate questions. Even in the ‘over-adjusted’ models, the risks
were two times higher for those with four pain sites when
compared to those without pain. Multi-site pain also increased
the possibility of having early retirement plans. Gender did not
modify the effect of the number of pain sites on the work ability
outcomes.
Age modified the effect of pain on poor physical work ability

and retirement plans. In the middle age group (40e49 years),
pain at four sites increased the risk of poor physical work ability.
In the oldest age group, there was an almost threefold increase in
the risk even after adjustment for all possible covariates (figure
2). The number of pain sites increased the likelihood of having
plans to retire early mainly among those aged 40e49 years
(figure 3).

Table 1 Background characteristics of the participants included in and excluded from the analyses based on missing values, aged 30e64, who held
a job during the preceding year (weighted proportion)

Subjects included in the
multivariable analyses (no
missing values in any of the
covariates), n[3137

Subjects excluded from the
multivariable analyses
(missing values in one or more
covariates), n[618e950

N % N %

Individual factors

Age (years)

30e39 1056 34 306 32

40e49 1115 35 335 35

50e64 966 31 309 33

Female gender 1512 48 473 50

Low education (maximum 9 years) 607 19 250 26

Severely overweight or obese (BMI$28) 959 31 318 35

Psychological symptoms 647 21 182 24

Somatisation 280 9 90 13

Mild or severe sleep problems 1394 44 284 46

Considerably reduced functional capacity 399 13 137 15

Poor self-rated health 722 23 270 28

Somatic disease diagnosed by the physician 1472 47 351 46

Musculoskeletal disease diagnosed by the physician 961 31 231 30

Work-related factors

Physically demanding work 1259 40 441 47

Job insecurity 672 22 140 23

Psychosocial demands at work (scale 5e25), mean (SD) 16 (4) 16 (4)

Job control (scale 8e40), mean (SD) 31 (6) 31 (6)

Social support at work (scale 2e10), mean (SD) 8 (2) 8 (2)

Number of musculoskeletal pain sites

0 1031 33 245 33

1 1050 33 234 32

2 648 21 143 19

3 288 9 78 10

4 120 4 43 6

Work ability outcomes

Poor physical work ability 454 15 182 19

Poor mental work ability 405 13 151 16

Work ability likely to deteriorate 401 13 141 15

Not able to continue working in current job 235 8 97 10

Have thought about retiring early 568 18 177 19
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DISCUSSION
In this study among a representative sample of actively working
Finnish adults, pain at multiple body sites was strongly associ-
ated with self-perceived work ability. Those with multi-site pain
considerably more often perceived their current work ability to
be poor compared to those with no pain or only single-site pain.
Also, they estimated more frequently that their work ability will

deteriorate and that they may not be able to continue working
in the same job. They also had more often thought about
retiring early.
Approximately every sixth subject reported that his or her

current work ability was not good, while slightly fewer subjects
predicted that they would have difficulties in maintaining their
work ability in the near future. Early retirement was being
considered by every fifth worker. Our findings support the
results from earlier population-based studies from Finland
showing that a considerable proportion of workers report ‘non-
good’ work ability.15 32 Our results showing that men and
women perceive their work ability to be approximately the
same, as well as age having a strong effect on work ability, are
also consistent with earlier studies.15 32e34

The main determinant of interest in this study was the
number of concurrent pain sites. The finding that pain in more
than one site was as prevalent as single-site pain is in accordance
with other studies.1 A recent study suggests that multi-site pain
is a relatively stable phenomenon: the average number of pain
sites appears set by age 20 and little variation occurs after that.5 35

This is also supported by our study inwhich age did not show any
consistent association with the number of pain sites (data not
shown).
The risk of reporting poor work ability as well as early

retirement plans was notably higher among those with multi-

Table 2 Adjusted risks of poor work ability by number of pain sites

No.
of
pain
sites

Work ability outcomes

No. of
references

No. of
cases

Model 1* Model 2y Model 3z Model 4x
PR 95% CI PR 95% CI PR 95% CI PR 95% CI

Poor physical work ability

0 966 65 1.0 1.0 1.0 1.0

1 929 121 1.9 1.4 to 2.6 1.8 1.4 to 2.4 1.8 1.4 to 2.4 1.5 1.1 to 1.9

2 529 119 2.8 2.1 to 3.7 2.5 1.9 to 3.3 2.3 1.8 to 3.1 1.7 1.3 to 2.2

3 199 89 4.5 3.4 to 5.9 3.6 2.7 to 4.8 2.7 2.0 to 3.6 1.7 1.3 to 2.3

4 60 60 6.0 4.6 to 7.8 3.9 2.9 to 5.3 3.1 2.3 to 4.2 1.9 1.4 to 2.6

Poor mental work ability

0 938 92 1.0 1.0 1.0 1.0

1 929 121 1.3 1.0 to 1.7 1.3 1.0 to 1.7 1.3 1.0 to 1.6 1.1 0.8 to 1.6

2 558 90 1.5 1.2 to 2.0 1.5 1.1 to 1.9 1.2 0.9 to 1.6 0.9 0.6 to 1.4

3 229 59 2.1 1.6 to 2.8 2.0 1.5 to 2.7 1.4 1.0 to 1.9 1.0 0.6 to 1.6

4 78 43 3.4 2.5 to 4.7 2.9 2.1 to 3.9 1.6 1.1 to 2.3 1.3 0.7 to 2.3

Work ability will deteriorate

0 968 63 1.0 1.0 1.0 1.0

1 944 106 1.7 1.3 to 2.2 1.6 1.2 to 2.2 1.6 1.2 to 2.2 1.4 1.1 to 1.9

2 542 106 2.4 1.8 to 3.2 2.3 1.7 to 3.1 2.2 1.6 to 2.9 1.8 1.3 to 2.4

3 216 72 3.3 2.4 to 4.5 2.8 2.0 to 3.8 2.5 1.8 to 3.4 1.7 1.2 to 2.4

4 66 54 4.5 3.4 to 6.0 3.9 2.8 to 5.3 3.1 2.2 to 4.2 2.3 1.6 to 3.3

Not able to continue working

0 1002 29 1.0 1.0 1.0 1.0

1 996 54 2.0 1.3 to 3.0 1.8 1.2 to 2.8 1.8 1.2 to 2.8 1.5 1.0 to 2.2

2 581 67 3.5 2.3 to 5.4 3.0 2.0 to 4.6 2.7 1.8 to 4.1 1.9 1.2 to 2.8

3 241 47 5.1 3.3 to 7.8 3.8 2.4 to 5.8 2.7 1.6 to 4.3 1.8 1.1 to 2.7

4 82 38 7.9 5.2 to 12.1 5.2 3.3 to 8.2 3.3 2.0 to 5.4 2.0 1.3 to 3.1

Thought about retiring early

0 892 138 1.0 1.0 1.0 1.0

1 886 164 1.2 1.0 to 1.5 1.2 1.0 to 1.4 1.1 0.9 to 1.4 1.1 0.9 to 1.3

2 530 118 1.4 1.1 to 1.7 1.3 1.0 to 1.6 1.2 1.0 to 1.5 1.1 0.8 to 1.3

3 188 101 2.4 1.9 to 2.9 2.1 1.7 to 2.7 1.8 1.4 to 2.2 1.5 1.2 to 2.0

4 73 47 2.5 2.0 to 3.2 2.3 1.7 to 3.0 1.8 1.4 to 2.4 1.5 1.1 to 2.0

Prevalence ratios (PR) with 95% CIs)
*Model 1: adjusted for age and gender.
yModel 2: Model 1+education, marital status, physical work load, body mass index and somatic disease.
zModel 3: Model 2+psychological demands of work, job control, social support, job insecurity and somatisation.
xModel 4: model 3+clinically diagnosed musculoskeletal disorder, psychological well-being (General Health Questionnaire), sleep problems, self-perceived health and functional capacity.

Figure 1 The distribution of poor current and future work ability and
retirement plans by age group.
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site pain compared to those with localised pain or without any
pain. Age- and gender-adjusted prevalence ratios were high at up
to 8. Since the data were based on an extensive health survey, we
were able to further adjust the relationships with various self-
reported and more objectively measured covariates. We were able
to examine most factors that, based on the literature, are related
to work ability and pain and hence could confound the associ-
ations between the two. Kamaleri and others recently published
a paper showing that multi-site pain predicted disability pension
for any health reason 14 years later. In their study, self-rated
health and sick leave during the previous year captured almost
all the predictive power of the number of pain sites regarding
work disability.35 In our study, the risks of decreased work
ability still remained elevated after self-rated health was
included in the analyses. Prior sick leaves, although measured,

were not included in the main analyses since they are likely to be
a consequence of self-rated poor work ability. Additional
adjustment for prior sick leaves did not affect the results (data
not shown).
Many studies have shown that women have higher rates of

sickness absence and disability pensions due to musculoskeletal
disorders.36 However, our study did not indicate that the effect
of multi-site pain on self-perceived work ability was stronger for
women than for men. Other studies on multi-site pain
predicting these more objective outcomes have not reported
gender-specific results.10e13 Therefore, more studies are needed
to investigate whether the higher prevalence of multi-site pain
explains the higher rates of musculoskeletal disorder-specific
sickness absence and disability among women.
Age modified the effect of pain on physical work ability and

retirement plans. Most of the effect of multi-site pain on poor
physical work ability occurred among the oldest workers (50+
years). The associations among the youngest workers
(30e39 years) were almost completely captured by somatisation
in the model, that is, the tendency to express personal and social
distress through physical symptoms, such as fatigue, nausea,
breathing difficulties or a lump in the throat.24 37 Somatisation
has been shown to predict chronic widespread pain.38 In our
study, almost half of those with four pain sites, and 25% of
those with three pain sites were ‘somatisers’, whereas only 3%e
6% of those with no or one pain site belonged to this group. It
should be noted, however, that more than half of the subjects
with pain in four sites were not somatisers, indicating that
multi-site pain is not just a manifestation of somatisation. The
associations between pain and retirement plans occurred mainly
in the middle age group (40e49 years). The reason for this could
be that Finns retire relatively early (on average at the age of
59 years) and among the older workers (50+ years), factors
other than pain, such as somatic diseases, may become more
important determinants of retirement.
Pain at multiple sites affects work ability through various

possible mechanisms, for instance clinical diseases giving rise to
pain, such as rheumatoid arthritis, and in some cases decreased
fitness as a consequence of a disease-related reduction in physical
activity. In our study, however, even after adjustment with
factors such as clinically diagnosed musculoskeletal disorders or
reduced functional capacity, which can be seen as mediators of
the effect of multi-site pain on work ability, the risks remained
increased twofold for most outcomes. This implies that pain per
se is a strong and immediate determinant of work ability. A
mechanism potentially important from a preventive viewpoint
is that widespread pain changes the subject’s experience of time,
as a recent qualitative study among chronic widespread pain
patients demonstrated.39 First, the time needed to complete
everyday tasks increases, and second, the ability to sustain tasks
for any length of time decreases. Reduced control over time
among pain sufferers should be considered in future work-
related disability research, particularly because time, or rather
the lack of it, is a dominant feature in many workplaces. For
example, in 2005, 26% of the workforce in the European Union
reported having to work at very high speed all or almost all of
the time.40 Work intensity has increased considerably in EU
countries during the past two decades.40

This study has several strengths. The original study sample
represents the entire population aged 30 years and older in
Finland. The participation rate was very good with 83%e88% of
the working age subjects taking part. Most items in the ques-
tionnaires, face-to-face interview and health examination
protocols were selected on the basis of standardised, generally

Figure 3 The risk of reporting early retirement plans by the number of
pain sites and by age group (prevalence ratios*, vertical lines present
95% CIs not including unity). *Adjusted for gender, education, marital
status, physical work load, body mass index, somatic disease,
psychological demands of work, job control, social support, job
insecurity, somatisation, clinically diagnosed musculoskeletal disorder,
psychological well-being, sleep problems, self-perceived health and
functional capacity.

Figure 2 The risk of reporting poor current work ability in respect of
the physical demands of work, by the number of pain sites and by age
group (prevalence ratios*, vertical lines present 95% CIs not including
unity). *Adjusted for gender, education, marital status, physical work
load, body mass index, somatic disease, psychological demands of
work, job control, social support, job insecurity, somatisation, clinically
diagnosed musculoskeletal disorder, psychological well-being, sleep
problems, self-perceived health and functional capacity.
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accepted recommendations, or nationally established practice.21

Work ability questions were taken mainly from the validated
and internationally recognised WAI.15 The WAI and its items
have been shown to reliably predict work disability, retirement
and mortality.16 We decided not to use the entire validated WAI
which has seven items, since two of the items (the number of
current diseases diagnosed by a physician, and estimated work
impairment due to diseases) already included information on
diseases such as musculoskeletal disorders, and the number of
musculoskeletal pain sites would have correlated with such an
outcome variable. Further, our aim was to investigate whether
the effect of multi-site pain on self-perceived work ability
differed with respect to the physical or mental demands of
work. Therefore, these two items were chosen as outcome
variables, instead of the item on overall work ability (current
work ability compared with lifetime best). Moreover, regarding
the very high rates of sick leaves and disability pensions due to
musculoskeletal disorders, it was important from a preventive
perspective to also examine whether multi-site pain has longer-
term consequences on work ability in addition to affecting
current work ability. With outcome variables such as the
workers’ own prognosis of the future development of work
ability as well as their early retirement plans, we were able to
examine this issue in this cross-sectional study.

Pain in various anatomical sites was assessed for the preceding
month. The 1-month prevalence question was also used in the
previous large population-based health examination survey, the
Mini-Finland Study 20 years earlier, and it has been commonly
used in other studies, particularly in Europe.41 Many studies
have defined multi-site pain based on symptoms occurring in
several body sites over a much longer time period, most often
12 months.35 The shorter the time period to assess symptoms,
the more accurately they are recalled, the more likely the
symptoms in different body sites are truly concurrent and the
better they fit into the definition of multi-site pain. Moreover,
the large sample size allowed us to include a wide variety of
possible confounders and intermediate variables in the anal-
yses.42 Hence, the observed associations are unlikely due to
confounding by unmeasured factors of major importance.

The main limitation in this study is the cross-sectional study
design: the independent and dependent variables were measured
at the same time and hence the true temporal order cannot be
established. However, it seems unlikely that poor current work
ability or poor prognosis of future work ability would have
caused pain in multiple body sites. It is possible that some
subjects have a reporting behaviour that leads to a higher
reporting both of adverse health symptoms and of the conse-
quences of these symptoms, such as poorer work ability. As
a result, the associations between pain and work ability would
be overestimated. However, since these subjects report more
physical symptoms overall, not only those pain-related, adjust-
ment for somatisation at least partly reduced the effect of this
phenomenon.37 Despite the lack of temporal evidence in our
study, most findings support the causal relationship between
multi-site pain and reduced work ability because of the strength
of the associations with doseeresponse effects, alternative
explanations being unlikely, plausible mechanisms, and agree-
ment with current knowledge according to which multi-site
pain has worse consequences than single-site pain.

CONCLUSIONS
To our knowledge, this is the largest population-based study
showing a graded association between multi-site pain and self-
rated work ability among those still actively at work. Our

results add to the increasing body of evidence arguing that
epidemiological research that concentrates on localised pain
without assessing other pain sites will inevitably be of limited
value. Future studies should also consider multi-site pain as an
important risk factor for reduced work ability. It can be
concluded that the co-occurrence of pain poses a considerable
threat to the ability to continue working, especially among the
older workforce. Hence, multi-site pain should be screened for
and given special attention, for example, in health check-ups
organised by occupational health services. Workers with multi-
site pain may benefit from better targeted preventive measures
in order to help sustain their ability to work.
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