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activity-limiting neck/back pain: a
cohort study of a Swedish

working population

Tony Bohman @ ,2 Lena W Holm
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ABSTRACT

Objectives Long-duration activity-limiting neck/back pain is
common, but the knowledge of what work and lifestyle factors
that influence the prognosis is sparse. The objective was
therefore to evaluate if two factors, good self-perceived work
ability and no daily smoking, are associated with a favourable
prognosis of long-duration activity-limiting neck/back pain in a
working population, and if these exposures have a synergistic
prognostic effect.

Design A prospective cohort study based on three
subsamples from the Stockholm Public Health Cohort.
Settings A working population in Stockholm County,
Sweden.

Participants Individuals, 18—61 years old, reporting
long-duration activity-limiting neck/back pain the previous
6 months at baseline in 2010 (n=5177).

Measures The exposures were: self-perceived work ability
(categorised into good, moderate and poor) and daily smoking
(no/yes). The outcome in 2014 was ‘absence of long-duration
activity-limiting neck/back pain’ the previous 6 months
representing a favourable prognosis of reported problems at
baseline in 2010. Risk ratios (RRs) and risk differences (RDs)
with 95% Cl was estimated by general linear regressions, and
the synergistic effect was estimated by the synergy index (SI)
with 95%_Cl.

Results Participants with moderate or good work ability,
respectively, had an adjusted RR for a favourable prognosis

0f 1.37 (95% Cl 1.11 to 1.69), and 1.80 (1.49 t0 2.17) in
comparison with participants with poor work ability. The
corresponding adjusted RD were 0.07 (0.02 to 0.11) and 0.17
(0.12 t0 0.22). Participants not smoking on daily basis had an
adjusted RR of 1.21 (1.02 to 1.42), and an adjusted RD of 0.05
(0.01 to 0.10) for a favourable outcome compared with daily
smokers. The adjusted Sl was 0.92 (0.60 to 1.43).

Conclusion For participants with long-duration activity-
limiting neck/back pain, moderate or good self-perceived work
ability and not being a daily smoker were associated with a
favourable prognosis but having both exposures seemed to
have no synergistic prognostic effect.

INTRODUCTION
According to the Global Burden of Disease
study, neck pain and back pain are among

,' Mats Lekander,®* Johan Hallgvist,®

Strengths and limitations of this study

» The longitudinal design ensures temporality and the
large number of potential confounders considered
supports a possible causal association between the
exposures and the outcome.

» The large sample size and robust analyses strength-
ens the internal validity.

» The main limitations of this study are possible mis-
classification of the exposures and the outcome,
a relatively large loss to follow-up and a possible
change of exposure category during the follow-up
period of 4years, although these limitations most
probably lead to an underestimation of the associ-
ations studied.

» There is a possible risk that reversed causation have
influenced the analyses with perceived work ability
as exposure, but the additional analyses indicates
that this risk is small.

the top causes for ‘years lived with disability’,
with a high and rising prevalence globally.'
Most neck and back problems resolve, but
many individuals experience pain for a long
time following onset.” ® Between 17% and
70% of individuals with neck pain report
activity-limiting pain.” Long-duration activity-
limiting neck/back pain (LANBP) is most
prevalent in working age and often decrease
work performance.” * From a public health
perspective, LANBP adds to the societal and
individual burden as it is a common cause for
absenteeism and early retirement.” Still, and
in accordance with current recommenda-
tions, many individuals with musculoskeletal
pain go to work.*

One way to address this burden of LANBP
is to increase the understanding of modifi-
able lifestyle and work-related factors asso-
ciated to a favourable prognosis and their
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potential interactions. Research about prognosis of
LANBP have so far focused on factors of potential impor-
tance for the transition from acute/subacute neck and
back pain to LANBP, and several biopsychosocial factors
are suggested to be associated to such an unfavourable
prognosis. Examples of such factors are smoking, low
physical activity, depression, anxiety and low work satis-
faction.” ® However, only greater optimism, good social
support, positive coping and exercise/sport activities
are proposed as factors associated to a favourable prog-
nosis for long-duration and activity-limiting neck pain,
and none for back pain.” Thus, knowledge of if work-
related factors and lifestyle factors, other than physical
activities, associate to a favourable prognosis of LANBP
is lacking.

The multidimensional work ability model was intro-
duced in Finland in the 1980s in order to study self-
perceived work ability in relation to work disability and
health.” ® According to the model, self-perceived work
ability is based on health and functional capacity and built
on a balance between a person’s resources such as compe-
tence, values, attitudes, motivation and work demands.
Self-perceived work ability is commonly assessed by the
Work Ability Index (WAI) or by single items of the instru-
ment.” Work ability is associated with health and health
related outcomes, for example, depression, osteoar-
thritis, neck and back pain, sickness absence and general
health.” " Furthermore, the total WAI or single WAT items
seems to be valuable for predicting sickness absence in
healthy as well in unhealthy populations, with good work
ability being a protective factor in all diseases studied.'*™*
However, work ability in relation to the prognosis of neck/
back pain is rarely studied. Nordstoga et al,'” studying
back pain patients referred to physiotherapy, found no
association between baseline work ability and disability
or pain 3months later. Ahlstrom et al'’ followed Swedish
female workers on long-term sick leave for 12 months, the
majority with neck pain, and found work ability to predict
the future degree of neck pain. In a recent study from
our group, we found that poor work ability, assessed with
the second WAI item (perceived mental and/or physical
work ability), increased the risk of LANBP in workers with
occasional neck and/or back pain.16

So far, we know that smoking is associated with the
onset of neck and back pain and with the transition
from acute/subacute to long-duration back pain, but we
do not know if being a non-smoker is associated with a
favourable prognosis of LANBP.*® If so, and considering
a known association between smoking and poor work
ability, examining their potential interaction on the prog-
nosis of LANBP would enhance our understanding and
meet the demand for studies examining such interactions
from reviews on the prognosis of neck and back pain.'”"

Therefore, the objective of this study was to evaluate
if good self-perceived work ability and no daily smoking
are associated with a favourable prognosis of LANBP in a
working population, and if these exposures have a syner-
gistic prognostic effect.

39,704
Participants in any of three (2002,
2008, 2010) Stockholm Public Health
subsamples, aged 18-61 andworking
since at least 12 months in 2010

5,258
Long-duration activity limiting NP andior BP in
2010, NP andfor BP a few days perweek or
more often limiting activity in daily life or at
work inthe pasté months

34,446
Mo MP or BP (13,435), MP or BP lessthana
few days perweek, OR NP or BP afew days
perweek or more often, not limiting activity in
daily life or at work inthe past& months
(20,963), missing information on NP or BP (48)

81
Missing infarmation
on the main
exposure (PWA)

5,177
Study population

3,366
Respondersin 2014

1,811
Lostto follow-up

54
Missinginformation
on the outcome

3312
Analyses sample

Participants with Long-duration activity limiting MP and/or BP in 2010,

answeringtothe follow-up guestionnaire in 2014 andwithout missing in

the main exposure (PWA) andthe outcome

Figure 1 Flow chart describing the inclusion of participants
into the study population and the analyses sample. NP; neck
pain, BP; low back pain, PWA; perceived work ability.

METHODS

Design and study population

In this prospective cohort study, we used merged data
from three subcohorts of the Stockholm Public Health
Cohort (SPHC).?’ The SPHC consists of several public
health surveys of individuals randomly selected from the
adult population of Stockholm County. The first subco-
hort included individuals selected in 2002 and followed
up in 2007, 2010 and 2014. The second cohort included
individuals selected in 2006 and followed up in 2010 and
2014, and the third subcohort individuals selected in 2010
and followed up in 2014. Approximately 74000 individ-
uals from the subcohorts responded to the questionnaire
in 2010, which was used as baseline in the present study. Of
these, approximately 50 000 individuals (68%) responded
to the questionnaire in 2014, used as the follow-up survey
in the present study. Of the responders in 2010, 39704
were 18-61 years of age and were working since at least
12 months, representing our ‘working population’. We
chose the age limit of 61 years in 2010 to ensure that most
of our population would still be working in 2014 as 65
years was the norm for retirement age in Sweden at the
time of the data collection. Figure 1 describes the inclu-
sion of participants into the study population and the
analyses sample.

Neck and back pain at baseline in 2010 were assessed
with the questions: ‘Have you had any pain in your upper
back or neck in the preceding 6 months?’ and ‘Have
you had any pain in your lower back in the preceding 6
months?’. Both questions were followed by the question,
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‘If yes: Do these problems limit your ability to work or
carry out other daily activities?’. Individuals answering,
‘Yes, on average, a few days per week or more’ to at least
one of the first two questions and then ‘Yes, to a high
degree orto some degree’ to the following question were
considered as having LANBP. The questions defining
LANBP incorporates duration, frequency and the impact
on daily activity and work, which is recommended when
classifying neck and back pain.'®*'

Exposures

The exposure ‘self-perceived work ability’ (PWA) was
categorised based on the second item of the WAL’ ? %
The item consists of two questions, one regarding phys-
ical demands and one regarding mental demands at
work, respectively: ‘How do you rate your current work
ability with respect to the physical demands/mental demands
of your work’. The response alternatives were ‘very good’,
‘rather good’, ‘moderate’, ‘rather poor’ and ‘very poor’.
The answers were dichotomised into good (very good or
rather good) and poor (moderate, rather poor or very
poor) physical and mental work ability, respectively.
Finally, PWA was operationalised into three categories:
good PWA (good physical and good mental work ability),
moderate PWA (good physical or good mental work
ability, but not both) and poor PWA (poor physical and
poor mental work ability).

The WAI is considered an internally coherent, reliable
and valid instrument appropriate for use in cross-national
research.’??* Most often, the full WAI is used in research,
but also single items have been used as measures, for
example, the second WAI item used to operationalise the
exposure in the present study.'*"**

The exposure ‘daily smoking’ (DS) was dichotomised
by the answer yes or no to the question: ‘Do you currently
smoke daily or almost daily?’.

Outcome

The outcome ‘absence of long-duration activity-limiting
neck/back pain’ in 2014 represents a favourable prog-
nosis of reported problems at baseline in 2010. The defi-
nition was based on the same questions used defining the
study population. Participants defined as having a favour-
able prognosis (cases) were those reporting no neck/
back pain or neck/back pain not limiting their activity
in daily life or at work the preceding 6 months. Conse-
quently, non-cases have had pain of any duration and
frequency in the neck and/or back that limited activity
in daily life or at work to some or to a high degree during
the preceding 6 months.

Potential confounders

Potential confounders for the association between the
exposure and the outcome were chosen based on liter-
ature, theoretical and clinical considerations, and avail-
ability in the questionnaire.””°*® Potential confounders
are presented in the online supplemental appendix. Most
of the items used to measure the potential confounders

have regularly been used in Swedish public health surveys
since 1975 and since 2002 in the SPHC.”’

Statistics
Stata V.14.2 (StataCorp) were used for statistical analyses.
The association between the exposures and the outcome
were estimated using general linear models with a bino-
mial distribution and a log-link and reported as risk ratio
(RR) and risk difference (RD) with corresponding 95%
Cls. The exposures, PWA and DS were assessed in sepa-
rate general linear models. Potential confounders were
identified by reviewing the literature of prognostic factors,
clinical considerations and availability. After careful
discussion about if they instead possibly could be inter-
mediators or colliders, the potential confounders were
introduced into the crude models one by one. Potential
confounders changing the estimated RR by 5% or more
were considered confounders and were included in the
final adjusted models.?” DS was tested as a confounder in
the analyses with PWA as exposure, and PWA was tested
as a confounder in the analyses with DS as exposure. A
variable indicating subsample participation was included
in all models to adjust for potential systematic difference
between the subcohorts. The general linear models were
performed using complete subject analyses. The * test
was used to test a potential dose-response effect.”®

To calculate the potential synergistic effect of PWA and
DS on the outcome, we used the EpiNET’s epidemiolog-
ical tool.*” We dichotomised PWA into good PWA and
moderate/poor PWA and then combined the dichot-
omised PWA and DS in a dummy variable, where the
reference group was set to those having moderate/poor
PWA and being daily smokers. The dummy variable was
then used as the independent factor in a crude and an
adjusted logistic regression. The results were presented as
RR with corresponding 95% CI together with the synergy
index (SI) with corresponding 95% CI. An SI >1 indicates
a joint effect between two factors greater than the sum of
their individual effects.

Additional analyses

Even though all participants reported LANBP at baseline,
we had no information on the intensity of LANBP at base-
line, which may be an important confounder in the anal-
yses. As poor self-related health may be a consequence
of severe pain intensity, we performed the adjusted anal-
yses with PWA as exposure stratified by good (very good/
good) and poor (fair/poor/very poor) self-rated health
(SRH), as a proxy for the intensity of neck/back pain at
baseline.”

The potential influence of attrition was assessed by
comparing the prevalence of the two exposures among
non-responders (n=1865) to the prevalence among
responders (n=3312) using y tests.

Patient and public involvement
Patients or the public were not involved in the design or
planning of the study.
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RESULTS

Baseline characteristics of the study population are
presented in table 1. The mean age was 46 years (SD 10)
and 66% were women. Eighty per cent reported good
or moderate self-perceived work ability and 84% were
not smoking daily. Most participants were non-manual
workers or self-employed (65%), and the majority lived
together with another adult person, with or without chil-
dren (77%). At follow-up in 2014, 36% of the participants
showed a favourable prognosis of LANBP.

The crude and adjusted associations between self-
perceived work ability, daily smoking and a favourable
prognosis of LANBP are presented in table 2. Socioeco-
nomic status, headache/migraine and sleep disturbances
were identified as confounders in the analyses with self-
perceived work ability as exposure, while socioeconomic
status, sleep disturbances and self-perceived work ability
confounded the association between daily smoking and
the outcome.

In comparison with participants with poor work ability,
participants with moderate or good work ability had an
adjusted RR for a favourable prognosis of 1.37 (95% CI
1.11 to 1.69) and 1.80 (1.49 to 2.17), respectively. The
corresponding adjusted RD were 0.07 (0.02 to 0.11)
and 0.17 (0.12 to 0.22). Participants not smoking on
daily basis had an adjusted RR of 1.21 (1.02 to 1.42) and
an adjusted RD of 0.05 (0.01 to 0.10) for a favourable
outcome compared with daily smokers.

The analyses with self-perceived work ability as expo-
sure showed a significant dose-response towards a more
favourable prognosis with higher work ability (p<0.001).

Table 3 shows the result of the evaluation of the
synergistic associations between the exposures and the
outcome, resulting in an adjusted SI of 0.92 (95% CI 0.60
to 1.43).

Additional results

Stratifying the analyses of the exposure self-perceived
work ability by good and poor SRH, as a proxy for the
intensity of neck/back pain at baseline, resulted in similar
adjusted RR for the two strata. The RR for a favourable
prognosis of LANBP when reporting moderate work
ability showed a similar increase for participants with
poor SRH and participants with good SRH, 1.42 (95% CI
0.93 to 2.15) and 1.27 (95% CI 0.98 to 1.63), compared
with participants with poor work ability. The RRs were
also similar for those reporting good work ability in both
strata: 1.72 (95% CI 1.17 to 2.53) and 1.56 (95% CI 1.23
to 1.96), respectively.

At baseline in 2010, non-responders had a significantly
higher prevalence (p<0.001) of individuals with poor self-
perceived work ability and daily smokers (23% and 19%)
in comparison with responders (18% and 14%).

DISCUSSION
In this study, we found an association between self-
perceived work ability and a favourable prognosis of

LANBP 4years later. The results revealed that individuals
in a working population with moderate self-perceived
work ability (either good physical or good mental work
ability) had a 37% increased chance of a favourable prog-
nosis of LANBP, compared with individuals with poor self-
perceived work ability (poor physical and poor mental
work ability). The chance of a favourable prognosis was
even higher (80%) for individuals reporting good self-
perceived work ability (both good physical and good
mental work ability). In addition, the results showed that
individuals who did not smoke daily had a 21% higher
chance of a favourable prognosis than did daily smokers.

A possible synergistic effect on a favourable prognosis
for participants reporting good work ability and not
smoke on daily basis could not be confirmed.

Previously, Nordstoga et alfound no association between
baseline work ability and improvement of back pain or
disability in physiotherapy patients with back pain of any
duration, which contrasts with our results.”” Their study
included patients with back pain of any duration, had a
follow-up time of only 3months and they used the ques-
tion ‘describe your current work ability compared with
the lifetime best (0-10)’ as a measure of self-perceived
work ability. More in line with our result, Ahlstrom et al
found higher baseline work ability, defined by the same
question as Nordstoga et al and by the full WAI, to predict
lower degree of neck pain at six and 12 months among
women on long-term sick leave."” We have not found
any previous study of association between smoking and
a favourable prognosis, either for neck or for back pain,
or on the synergistic effect of work ability and smoking.

The mechanism for smoking to affect spinal pain is not
yet well understood but increased levels of proinflamma-
tory cytokines, changed pain perception, impaired blood
supply and impaired oxygen delivery to tissues caused by
increased sympathetic outflow has been suggested.”’ *
The latter could be one possible underlying mechanism
to the higher prevalence of osteoporosis and lumbar
disc disease found in smokers compared with non-
smokers.” * As the concept of self-perceived work ability
incorporate individual factors, work-related factors and
environmental factors, a specific mechanism for good
self-perceived work ability to associate with a favourable
prognosis of LANBP may be difficult to delineate.”

The present study has some possible limitations. Clus-
tering individuals with neck and back pain when studying
prognostic factors may be questioned, since prognostic
factors for neck and back pain may differ. However, as a
priori analysis evaluating participants with long-duration
activity-limiting neck and back pain separately, resulted in
almost identical crude estimates, we decided to merge the
data to increase the statistical power.

Even though a large number of potential confounders
was considered unmeasured confounding could not be
ruled out. There is also a risk of residual confounding
due to unprecise measure of confounding factors, for
example, socioeconomic status. Such bias may have led to
underestimation or overestimation of the results. We had
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Internal
Perceived work ability Daily smoking missing
(n=5177) (n=5138) PWA/DS
Baseline characteristics, n (%) Good Moderate Poor No Yes n/n

Sex 0/0

Mean age, years (SD) 45 (10) 46 (10) 47 (10) 45 (10) 47 (10) 0/0

Good 2679 (62) 377 (46)

Poor 753 (17) 255 (31)

Yes 377 (12) 186 (17) 255 (25)

Underweight/normal weight 1550 (51) 530 (51) 408 (41) 2093 (49) 383 (48)

SES 267/263

Skilled worker 393 (13) 173(17) 183 (20) 566 (14) 174 (22)

Middle level non-manual employees 806 (27) 255(25) 180(19) 1111 (27) 124 (16)

Household 40/36

Living alone/living with children only 601 (19) 277 (26) 320 (42) 928 (22) 258 (32)

Yes 1330 (44) 556 (53) 631 (66) 2084 (50) 416 (53)

No 2403 (78) 596 (56) 382 (38) 2876 (67) 479 (59)

Severe 207 (7)  217(20) 369 (36) 622 (14) 167 (20)

No 359 (12) 219(20) 307 (30) 698 (16) 182 (22)

Yes 1254 (42) 623 (59) 744 (76) 2120 (50) 480 (61)

<2hours/day 1802 (59) 540 (50) 502 (50) 2441 (57) 385 (48)

Leisure physical activity, moderate intensity 52/49

>20min/day 2073 (68) 683 (64) 567 (57) 2851 (66) 456 (56)

<1 hour/week 1301 (43) 532 (50) 562 (56) 1883 (44) 495 (61)

Physical workload 117/114

Continued

(3]
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Table 1 Continued

Internal
Perceived work ability Daily smoking missing
(n=5177) (n=5138) PWA/DS

Baseline characteristics, n (%) Good Moderate Poor No Yes n/n
Sedentary at least 50% 1801 (60) 537 (51) 448 (46) 2410 (57) 361 (46)
Standing/walking/some lifting 727 (24) 291 (27) 319(33) 1094 (26) 230 (29)
Walking/lifting/heavy work 496 (16) 232 (22) 209 (21) 738 (17) 191 (25)

Subsample participation 0/0
2002/2007/2010/2014 781 (25 269 (25) 233(23) 1106 (26) 170 (21)
2006/2010/2014 1011 (33) 352 (33) 346(34) 1432 (33) 268 (33)

2010/2014 1284 (42) 459 (42) 442 (43) 1782 (41) 380 (46)

Self-rated health 49/48
Very good 293 (9) 23 (2) 12 (1) 302 (7) 26 (3)

Good 1801 (59) 336 (32) 145(14) 1982 (46) 286 (35)
Fair 877 (29) 567 (53) 536 (53) 1585 (37) 376 (46)

Poor or very poor

82(3) 137 (13)

319 (32)

408 (10) 125 (16)

For a description of the variables and their categorisation see the online supplemental appendix.

Study population: n=5177.
BMI, body mass index; SES, socioeconomic status.

no baseline information on pain intensity prior to inclu-
sion into the cohort; therefore, we could not consider
pain intensity as a potential confounder. If pain intensity
at baseline is associated with the reported levels of PWA at
baseline, bias due to reversed causation may be present.?’
Then our results may have been overestimated.

However, we believe that the risk of reversed causation
due to baseline pain intensity is limited as individual self-
perceived work ability is most likely a combination of many
factors other than pain, for example, content, demands

and organisation of work, personal attitudes, motivation,
knowledge and skills, and functional capacity.® Further-
more, given that pain is an important determinator of
objective as well as subjective measures of health, the
additional analyses stratified by good and poor SRH indi-
cating that good PWA is beneficial no matter the degree
of SRH also supports a low risk of bias due to reversed
causation.

Misclassification of the exposures and outcome needs
consideration. Problems to recall and to appraise whether

Table 2 Associations* between the exposures perceived work ability (PWA) and daily smoking (DS) in 2010 and a favourable
prognosis of long-duration activity-limiting neck and/or back pain in 2014

Crude (n=3312) Adjustedt (n=3049) Adjustedt
Exposure Cases/total RR 95% Cl RR 95% Cl RD 95% CI
Perceived work ability
Poor 115/596 1 1 0
Moderate 203/688 1.53 1.25t0 1.87 1.37 1.11 to 1.69 0.07 0.02 to 0.11
Good 873/2028 2.23 1.88 to 2.65 1.80 1.49to 2.17 0.17 0.12 to 0.22
Crude (n=3292) Adjustedt (n=3088) Adjusteds
Exposure Cases/total RR 95% Cl RR 95% Cl RD 95% Cl
Daily smoking
Yes 115/459 1 1 0
No 1070/2833 1.51 1.281t01.78 1.21 1.02 to 1.42 0.05 0.01 to 0.10

*General linear models with a binomial distribution and a log-link, estimating the risk ratio (RR), or an identity link, estimating the risk

difference (RD), with corresponding 95% Cls.

TAdjusted for socioeconomic status, headache/migraine, sleep disturbances and subsample participation.
FAdjusted for socioeconomic status, sleep disturbances, perceived work ability and subsample participation.

RD, risk difference; RR, risk ratio.
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Table 3 Analyses* of the potential synergistic effects of the two exposures perceived work ability (PWA) and daily smoking
(DS) on a favourable prognosis of long-duration activity-limiting neck and/or back pain

Crude (n=3312) Adjustedt (n=3049)

Exposure Cases/total RR 95% ClI RR 95% ClI
Moderate/poor perceived work ability and daily smoking 39/253 1 1

Moderate/poor perceived work ability and no daily smoking 276/1022 1.88 1.32 t0 2.66 1.61 1.11t02.34
Good perceived work ability and daily smoking 76/206 2.96 1.93t04.54 2.33 1.4910 3.66
Good perceived work ability and no daily smoking 794/1811 3.96 2.84t0 5.52 2.80 1.95t04.02

Synergy index

0.92 0.60to1.43

*Using EpiNET’s epidemiological tool ‘Epinetcaculation.xlsx’ based on the results from logistic regressions.
TAdjusted for socioeconomic status, headache/migraine, sleep disturbances and subsample participation.

RR, risk ratio.

the pain during the preceding 6months was activity
limiting or not may have resulted in non-cases being
classified as cases and vice versa. This possible misclassi-
fication of the outcome is most probably non-differential
potentially leading to a dilution of our associations.”” The
exposure PWA was assessed with only one subscale of the
WAI. Nonetheless, this subscale from the WAI is found
to be internally coherent to the full WAL Furthermore,
the operationalisation of the exposure PWA by dichoto-
mising a five-category scales of mental and physical work
ability and then combining them may have led to bias due
to misclassification. Smoking was measured with a yes/no
question about daily smoking, which is a rough measure
of such exposure. By categorising former smokers as non-
smokers and smokers who only smoke a few cigarettes a
day as smokers, we might have introduced a misclassifica-
tion of this exposure. These potential misclassifications of
the exposures most likely is non-differential, thus poten-
tially diluting the associations.

As the follow-up period was 4years, work ability and
smoking status may have varied across this period, and
participants may have changed jobs or work assignments.
If so, this would probably dilute the estimation of the
association.

With a response rate of 64% between baseline and
follow-up, there is a risk of selection bias. Non-responders
had a significantly higher proportion of smokers and
individuals with poor self-perceived work ability than did
responders. If most of these individuals would experi-
ence a favourable prognosis of their LANBP, a scenario
we find unlikely, our results may be overestimated. The
study population in the Stockholm County are mainly
non-manual employees and self-employees. The general-
isability of the results may be limited in general popula-
tions with other socioeconomic status.

Strengths of this study are the longitudinal design and
a relatively large sample size, allowing evaluation of the
outcome along categories of the exposure. However,
despite a large sample, the evaluation of synergistic effects
may have been hampered by few cases in the reference
categories. The dose-response results found support a
causal association between self-perceived work ability and

LANBP, and the extensive confounder control supports
internal validity. We also regard the incorporation of
activity limitations in the definition of the baseline pain
and in the outcome as a strength. Activity limitations is
recommended to be included in measures for neck and
back pain, recognised to be of clinical importance, and
to have negative consequences for the affected individual
and for the society.' > '**!

To our knowledge, this is the first study assessing self-
perceived work ability and smoking focusing on a favour-
able prognosis of LANBP. Even though more research
is needed to confirm our findings, they imply that good
work ability and not smoking daily appears to predict a
favourable prognosis of LANBP. Thus, interventions to
improve physical and mental work ability and reduce
smoking may enhance the chance for a favourable prog-
nosis in workers with LANBP. Therefore, further research
focusing on such interventions is motivated. Such inter-
ventions could be directed towards both the workplace
organisation and the individual, possibly resulting in
reduced human suffering and societal costs.

Conclusion

Having a good physical and/or mental self-perceived
work ability as well as not smoking on daily basis is asso-
ciated to a favourable prognosis in a working population
with LANBP. However, fulfilling both criteria seem to
have no synergistic prognostic effect.
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