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Objectives   This study aimed at determining the prognostic factors related to the recurrence of low-back pain
and future sickness absence due to low-back pain.
Methods   Data were used from a prospective cohort study in a working population with a 3-year follow-up
period. They were collected with annual questionnaires. A generalized estimating equation model was used to
study the relation between pain characteristics, individual characteristics, and work-related factors and the
recurrence of low-back pain or sickness absence due to low-back pain in the following year. Adjustments were
made for potential confounders.
Results   All the pain characteristics [odds ratios (OR) varying from 1.4 to 2.4], flexion and rotation of the upper
part of the body [OR 1.6, 95% confidence interval (95% CI) 1.1–2.5], low decision authority (OR 1.6, 95% CI
1.0–2.6), and low job satisfaction (OR 1.5, 95% CI 1.0–2.3), increased the risk of recurrent low-back pain. High
disability due to low-back pain (OR 2.6, 95% CI 1.2–5.7), low co-worker support (OR 4.1, 95% CI 1.6–10.5),
and low job satisfaction (OR 2.4, 95% CI 1.3–4.5) were predictors of sickness absence due to low-back pain.
Lifting weights did not influence the risk of recurrences or sick leave.
Conclusions   According to this study, high disability due to low-back pain is a prognostic factor for recurrent
low-back pain and future sickness absence due to low-back pain. In addition, the following work-related factors
predict a poor prognosis of low-back pain: flexion or rotation of the trunk, low job satisfaction, low decision
authority, and low social support.
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Low-back pain is a major health problem in The Neth-
erlands and other Western countries. In a Dutch study,
the following 1-year prevalences of self reported low-
back pain were found: 41.6% for men and 46.2% for
women in the Dutch general population aged 25 years
and older (1). Low-back pain is also one of the most
common work-related health problems. The same study
showed that 17% of the Dutch working population be-
lieves that their work causes low-back pain. This is a
relatively low value compared with that of other Euro-
pean countries. Overall, approximately 30% of Europe-
an workers report that their work causes low-back pain,
the rates varying between 13% and 44% (2).

The preceding findings indicate that low-back pain
is a considerable financial burden to society. Low-back

pain can cause sickness absence and (work) disability.
The previously mentioned Dutch study reported that
20% of the people who reported low-back pain also re-
ported sickness absence due to low-back pain (1). Esti-
mates of the total costs of low-back pain in various
countries indicate that these costs are 1–2% of the gross
national product (3). The total cost of low-back pain in
The Netherlands in 1991 was estimated to be approxi-
mately USD 5 billion (ie, 1.7% of the gross national
product) (4).

Results from existing studies suggest that low-back
pain typically runs a recurrent course characterized by
variation and change (5). The pain usually resolves with-
in 1 month, but recurrences are common (6). Several
studies examined pain characteristics as prognostic

vdheuvel.pmd 23.11.2004, 16:38459



460 Scand J Work Environ Health 2004, vol 30, no 6

Prognostic factors for recurrent low-back pain

factors for these recurrences (7–11), but only a few took
place in an occupational setting. Besides the prognostic
value of pain characteristics, it would be interesting to
know which work-related factors predict recurrent low-
back pain, especially in an occupational setting. Above
all, these factors can be influenced to benefit a better
outcome.

Recently, several of longitudinal studies have been
conducted to examine the relationship between work-
related physical and psychosocial load and the occur-
rence of low-back pain (12–18). Moreover, Hoogen-
doorn et al (19, 20) summarized the literature on risk
factors for the occurrence of low-back pain in two sys-
tematic reviews. In these studies the identified risk fac-
tors for physical load were flexion (12, 18, 19) and ro-
tation (12, 19) of the trunk and lifting (12, 18, 19). The
results for psychosocial characteristics were contradic-
tory.

Whereas studies on work-related risk factors for the
occurrence of low-back pain are abundant, few studies
could be found concerning the recurrence of low-back
pain. Most studies concern patient populations and are
focused on chronic disability or return to work (21–27).
The work-related prognostic factors that were identified
in these studies were the lack of opportunity to take un-
scheduled breaks (23), lack of stimulating worktasks
(24), and various psychosocial factors (25). Moreover,
a review of studies concerning biopsychosocial deter-
minants of chronic disability due to low-back pain iden-
tified psychosocial work characteristics as prognostic
factors (26). However, one of the few studies that took
place in an occupational setting did not identify psycho-
social factors as prognostic factors (27). Few studies on
risk factors for the recurrence of low-back pain have
dealt with work-related physical load. In these studies
heavy work (22, 26), lifting (23), and repetitive work
(23) were not identified as prognostic factors.

The purpose of this study was to examine prognos-
tic factors for recurrences of low-back pain and for fu-
ture sickness absence due to low-back pain in an occu-
pational setting of workers reporting low-back pain.  In-
stead of the prognosis of one low-back pain episode be-
ing studied, the prognosis of the course of low-back pain
of an individual was focused on.

Study population and methods

Study population

In 1994, the Study on Musculoskeletal Disorders, Ab-
senteeism, Stress and Health (SMASH), a large prospec-
tive cohort study with a follow-up period of 3 years, was
initiated among a working population in The Nether-
lands. The main purpose of this large-scale study was

to determine risk factors for musculoskeletal disorders,
with a focus on the low back, neck, and shoulder. A pre-
requisite for participating companies was that no major
reorganizations were planned for the next 3 years and
that the turnover rate of the workforce was lower than
15%. The 34 participating companies were asked to se-
lect workers who had been employed in their current
job for at least 1 year and who were working ≥24 hours
a week. The population included blue-collar workers,
white-collar workers, and workers in care professions.
At baseline, 1789 (87%) of the 2064 workers invited to
participate in SMASH filled out a questionnaire, 1738
of whom were eligible for participation in our study.

Data collection

After the baseline measurement in 1994, there was a
follow-up period of 3 years. Each year, in 1995, 1996,
and 1997, a postal questionnaire was sent to the work-
er’s home address. This questionnaire was similar to the
baseline questionnaire and contained questions about,
among others, low-back pain, work-related physical
load, psychosocial work characteristics, and individual
characteristics.

Individual characteristics. Data on individual character-
istics, age, gender, smoking habits, exercise behavior
(28) and coping styles (29), were derived from the base-
line questionnaire. Body weight and height were meas-
ured by a physiotherapist during the physical examina-
tion and were used to calculate the body mass index.
Data on exercise behavior were collected at each annu-
al measurement. The other individual characteristics
were considered as time-independent variables and were
measured at baseline only.

Pain characteristics and disability. Workers who report-
ed low-back symptoms in the previous 12 months were
requested to answer an additional number of questions
on duration, frequency, radiation, pain intensity, and
disability. The mean pain intensity related to the low
back was measured with the pain scale of Von Korff
(30). Workers who reported low-back pain were asked
to rate their mean pain intensity in the last 12 months
on an 11-point scale (with 0 being no pain at all and 10
being the most severe pain ever experienced).

Disability due to low-back pain was measured with
the disability questionnaire developed by Roland &
Morris (31). The workers who reported low-back pain
were requested to answer 24 questions concerning the
ability to carry out daily activities, such as getting
dressed, walking stairs, bending, or getting out of a
chair. A scale score was constructed by counting the
activities that workers were unable to perform due to
their low-back pain.
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Work-related physical load. Flexion or rotation of the
upper part of the body, moving heavy loads of >25 kg,
and driving a vehicle at work was measured with the
Dutch Musculoskeletal Questionnaire on a 4-point scale
(seldom or never, sometimes, quite often, very often)
(32). Physical load variables can vary in time. There-
fore, the questions concerning physical load were part
of all the annual questionnaires.

Psychosocial work characteristics. A Dutch version of
Karasek’s Job Content Questionnaire was used to meas-
ure the psychosocial work characteristics. Different
items of this questionnaire were combined into the five
dimensions proposed by Karasek et al (ie, quantitative
job demands, decision authority, skill discretion, super-
visor support, and co-worker support) (33). The precise
calculation of these dimensions has been described by
de Jonge et al (34) on the basis of data from our present
study. Variables concerning psychosocial work charac-
teristics also can vary in time, so questions concerning
them were present in all the annual questionnaires.

Low-back symptoms. Data on low-back symptoms were
collected with an adapted version of the Nordic Ques-
tionnaire (35). At each measurement, the workers were
asked to rate the occurrence of low-back symptoms in
the previous 12 months on a 4-point scale (seldom or
never, sometimes, regular, prolonged). They were iden-
tified as cases of recurrent low-back pain if they report-
ed regular or prolonged low-back pain in the previous
12 months in two successive measurements.

Sickness absence. The companies were asked to regis-
ter sickness absence during the time of the study. For
only of 21 of the 34 companies, were complete data ob-
tained. From these 21 companies, 1080 workers (89%)
had given their informed consent to register their sick
leave specifically for this study. Physicians of the oc-
cupational health services coded the reasons for absence
according to an adapted Dutch version (36) of the In-
ternational Classification of Diseases (ICD) (37). The
following diagnoses were considered to constitute sick-
ness absence due to low-back pain: lumbosacral spond-
ylosis and spondylosis of an unspecified site (ICD num-
bers 721, 721.3, 721.42, 721.9), lumbar intervertebral
disc disorders and intervertebral disc disorders of an un-
specified site (ICD numbers 722, 722.10, 722.2, 722.52,

722.6, 722.73, 722.9), and other and unspecified back
disorders (ICD numbers 724, 724.2, 724.3, 724.4, 724.5,
724.9).

Statistical analysis

Exposure to work-related risk factors could change due
to low-back pain. A change in exposure could change
the relationship between exposure and outcome. There-
fore, as a preliminary step in the analysis, we examined
whether a change in exposure occurred between the time
of exposure and the time of the outcome measurement
and whether this was a favorable or unfavorable change,
apart for workers with and without regular low-back
pain at the time of exposure measurement.

To determine the prognostic factors for the recur-
rence of low-back pain, the relation was studied between
the exposure variables at one point in time and the out-
come variables 1 year later (figure 1). As can be seen
in figure 1, for each worker, a maximum of three com-
binations of exposure and outcome data were available.
However, for each combination, only the workers re-
porting regular or prolonged low-back pain in the pre-
vious 12 months at the time of the exposure measure-
ment were included in the analyses. The outcome meas-
ures were the recurrent 12-month prevalence of regular
or prolonged low-back pain at the next measurement in
the following year and sickness absence due to low-back
pain in the following year. Work-related physical load,
psychosocial work characteristics, pain characteristics,
and disability were defined as the independent variables.
The time-independent individual characteristics were
regarded as the covariates.

As one person could contribute several observations,
the generalized estimating equation (GEE), developed
by Liang & Zeger, was applied (38), as this method is
suitable for dependent observations. The Proc Genmod
procedure in the statistical package SAS (version 6.12)
(39) was used. Since the outcome under study was di-
chotomous, the link-function in Proc Genmod was spec-
ified as logistic. The working correlation structure for
the repeated measurements of the outcome variable was
specified as exchangeable, implying that all correlations
of the outcome variable were assumed to be equal, irre-
spective of the time-period between the measurements.
The exchangeable correlation structure is the most neu-
tral option (14, 38, 40).

Figure 1. Model used
to analyze the data.
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Table 1. Overview of changes in exposure between subsequent
follow-up measurements for workers with regular or prolonged
low-back pain and for workers with seldom–never or sometimes
low-back pain.

Exposure Favorable No Unfavorable
change a change change

Driving a vehicle

No low-back pain 10 78 12
Low-back pain 10 76 15

Flexion or rotation of the upper part of the body

No low-back pain 22 68 11
Low-back pain 25 64 12

Moving of heavy loads

No low-back pain 9 84 8
Low-back pain 12 80 9

Quantitative job demands

No low-back pain 16 65 19
Low-back pain 15 68 17

Decision authority

No low-back pain 18 65 17
Low-back pain 17 65 18

Skill discretion

No low-back pain 14 71 15
Low-back pain 15 71 13

Co-worker support

No low-back pain 13 70 17
Low-back pain 15 68 17

Supervisor support

No low-back pain 16 64 20
Low-back pain 17 62 20

Job satisfaction

No low-back pain 16 65 19
Low-back pain 17 59 23

a A favorable change means respectively less driving of vehicles, less
flexion or rotation of the upper part of the body, less moving of heavy
loads, fewer quantitative job demands, more decision authority, more
skill discretion, less co-worker support, less supervisor support, and
less job satisfaction.

in 1308 reports of regular or prolonged low-back pain
at the defined time of exposure (figure 1), correspond-
ing to a population of 778 subjects. Data on the outcome
measurement “regular or prolonged low-back pain” in
the following year were available for 1142 observations.
In these observations 57% reported the recurrence of
low-back pain in the following year. Data on the out-
come measurement “sickness absence in the following
year” were available for 629 observations. In these ob-
servations 18% had ≥1 days of sickness absence due to
low-back pain.

Individual characteristics, pain characteristics and
disability

Table 2 gives the individual characteristics, pain char-
acteristics, and disability of the observations of regular
or prolonged low-back pain at the time of exposure. The
odds ratios are presented for the recurrence of low-back
pain and sickness absence due to low-back pain in the
following year. Table 2 shows that no individual char-
acteristics were found that predict low-back pain or sick-
ness absence in the following year. The adjustment for
physical and psychosocial factors hardly changed the
results, apart from the odds ratio for a high support-seek-
ing coping style and low-back pain. After adjustment,
this odds ratio was considerably higher and bordered on
statistical significance.

Almost all of the pain characteristics were identified
as prognostic factors for the recurrence of low-back
pain, as well as future sickness absence due to low-back
pain. However, a long duration of the pain episode, a
high pain intensity, and radiating pain were not prog-
nostic factors for future sickness absence after adjust-
ment for other factors. A high score on disability was
the best predictor for both outcomes.

Work-related physical load

Table 3 presents the distribution of the variables con-
cerning work-related physical load and the crude and
adjusted odds ratios for these factors and the recurrence
of low-back pain and sickness absence due to low-back
pain in the following year. Table 3 shows that flexion
and rotation of the upper part of the body were prog-
nostic factors for the recurrence of low-back pain, but
not for sickness absence in the following year. Moving
heavy loads turned out to have no effect on future re-
currences or sickness absence.

Psychosocial work characteristics

Table 4 presents the distribution of the variables con-
cerning psychosocial work characteristics and the odds
ratios of these variables for the recurrence of low-back

Univariate analyses and multivariate analyses were
carried out, the result being odds ratios with correspond-
ing 95% confidence intervals for all the variables test-
ed. Before the testing, the multivariate model correla-
tions were checked to avoid collinearity.

Results

An overview of the changes in the exposures is given
in table 1 for the workers with and without low-back
pain. It shows that there were no differences between
those with and those without low-back pain in the
change of exposure.

At baseline, 534 workers reported regular or pro-
longed low-back pain. At the first and second follow-up
measurements, regular or prolonged low-back pain was
reported by 395 and 379 workers, respectively, resulting
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Table 2. Crude and adjusted odds ratios (OR) and corresponding 95% confidence intervals (95% CI) for the individual characteristics
and pain characteristics resulting from analyses with a general linear equation (GEE) for the population reporting regular or prolonged
low-back pain at the time of exposure (N=778 workers) with regular or prolonged low-back pain and sickness absence due to low-back
pain in the following year as the outcome variable.

Characteristic Recurrent low-back pain Sickness absence due to low-back pain

Valid Crude 95%CI b Adjusted 95% CI c Valid Crude 95%CI b Adjusted 95% CI c

observations a OR b OR c observations a OR b OR c

N % N %

Gender

Men 791 69 1.00 ·· 1.00 0.55–1.23 470 75 1.00 ·· 1.00 ··
Women 351 31 0.85 0.64–1.13 0.82 ·· 159 25 0.66 0.39–1.14 0.61 0.28–1.32

Age · · 1.01 0.99–1.02 0.99 0.98–1.01 · · 1.00 0.97–1.03 0.98 0.95–1.01

Smoking habits

Never 338 30 1.00 ·· 1.00 ·· 170 28 1.00 ·· 1.00 ··
Quit smoking 304 27 1.10 0.78–1.57 1.14 0.76–1.71 167 27 0.91 0.49–1.67 0.73 0.33–1.58
Smoking now 476 43 1.07 0.78–1.46 1.02 0.71–1.48 271 45 0.87 0.50–1.53 0.80 0.41–1.57

Body mass index

Low (score <25) 710 63 1.00 ·· 1.00 ·· 381 61 1.00 ·· 1.00 ··
Medium (score 25–30) 350 31 0.95 0.71–1.27 0.80 0.56–1.13 205 33 1.39 0.87–2.22 1.41 0.82–2.41
High (score >30) 67 6 1.48 0.83–2.64 1.03 0.51–2.09 34 6 1.13 0.42–3.00 1.30 0.46–3.62

Active coping

Low (score 7–14) 143 13 1.00 ·· 1.00 ·· 92 15 1.00 ·· 1.00 ··
Medium (score 15–20) 687 61 1.13 0.75–1.70 1.24 0.74–2.07 367 60 0.88 0.48–1.62 0.79 0.40–1.56
Ligh (score 21–28) 287 26 1.22 0.77–1.93 1.36 0.76–2.44 151 25 0.71 0.34–1.48 0.65 0.28–1.51

Avoidance coping

Low (score 8–14) 485 44 1.00 ·· 1.00 ·· 263 43 1.00 ·· 1.00 ··
Medium (score 15–19) 531 48 0.96 0.73–1.27 1.03 0.75–1.43 296 49 0.88 0.55–1.43 0.84 0.48–1.46
High (score 20–26) 93 8 1.18 0.71–1.94 1.08 0.59–1.97 48 8 1.07 0.46–2.49 1.07 0.42–2.74

Support-seeking coping

Low (score 6–12) 614 55 1.00 ·· 1.00 ·· 377 62 1.00 ·· 1.00 ··
Medium (score 13–17) 417 37 0.83 0.63–1.09 0.88 0.64–1.23 200 33 0.79 0.48–1.31 0.92 0.49–1.73
High (score 18–24) 83 8 1.11 0.64–1.91 1.95 0.92–4.13 33 5 1.03 0.37–2.86 0.70 0.20–2.45

Exercise behavior

≤1 time a month 350 31 1.00 ·· 1.00 ·· 207 34 1.00 ·· 1.00 ··
1–3 times a month 276 25 1.09 0.82–1.45 1.17 0.79–1.72 157 26 0.71 0.40–1.24 0.71 0.34–1.47
1–2 times a week 351 31 1.05 0.79–1.40 1.20 0.82–1.76 176 29 0.91 0.53–1.54 1.25 0.65–2.39
>3 times a week 148 13 0.85 0.58–1.23 0.83 0.53–1.31 75 12 0.98 0.46–2.06 1.24 0.53–2.86

Duration

1–7 days 469 45 1.00 ·· 1.00 ·· 258 44 1.00 ·· 1.00 ··
1–7 weeks 274 26 1.52 1.13–2.06 1.41 1.00–1.99 144 25 1.31 0.75–2.29 1.27 0.61–2.63
7 weeks–12 months 307 29 1.97 1.47–2.63 1.66 1.14–2.39 183 31 1.40 0.84–2.35 0.97 0.51–1.84

Pain intensity d

Low (1–3) 439 43 1.00 ·· 1.00 ·· 236 41 1.00 ·· 1.00 ··
Medium (4–5) 388 38 1.52 1.15–2.00 1.41 1.01–1.96 208 36 1.76 1.03–3.02 1.37 0.73–2.58
High (6–10) 204 20 1.57 1.12–2.22 1.27 0.81–1.98 127 22 2.30 1.25–4.23 1.44 0.63–3.30

Radiating pain

Radiating low back pain 266 25 1.82 1.39–2.38 1.43 1.01–2.01 152 26 1.67 1.04–2.67 1.16 0.62–2.15
No radiation 784 75 1.00 ·· 1.00 ·· 433 74 1.00 ·· 1.00 ··

Disability e

Low (0–3) 514 49 1.00 ·· 1.00 ·· 302 52 1.00 ·· 1.00 ··
Medium (4–9) 378 36 1.77 1.37–2.29 1.65 1.20–2.25 191 33 1.28 0.78–2.10 1.42 0.78–2.56
High (10–24) 158 15 2.64 1.82–3.83 2.43 1.44–4.10 92 16 2.56 1.50–4.39 2.63 1.22–5.70

a Observations for which neither the exposure variable nor the outcome variable are missing.
b Crude OR and 95% CI resulting from univariate the GEE analysis.
c Adjusted OR and 95% CI resulting from the multivariate GEE analysis, adjustment having been made for the other individual characteristics and pain

characteristics, the work-related physical load variables, and psychosocial work characteristics.
d 11-point scale: 0=no pain at all, 10=most severe pain ever experienced.
e 24-point scale referring to the disability to carry out daily activities: 0=no disability, 24=not able to carry out any of the mentioned activities.
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Table 4. Crude and adjusted odds ratios (OR) and corresponding 95% confidence intervals (95% CI) for the psychosocial work charac-
teristics resulting from analyses with a general linear equation (GEE) with the population reporting regular or prolonged low-back pain at
the time of exposure (N=778 workers) with regular or prolonged low-back pain and sickness absence due to low-back pain in the
following year as the outcome variables.

Characteristic Recurrent low-back pain Sickness absence due to low-back pain

Valid Crude 95%CI b Adjusted 95% CI c Valid Crude 95%CI b Adjusted 95% CI c

observations a OR b OR c observations a OR b OR c

N % N %

Quantitative job demands

Low (score 6–11) 259 23 1.00 ·· 1.00 ·· 137 22 1.00 ·· 1.00 ··
Medium (score 12–16) 719 64 1.14 0.86–1.51 1.02 0.73–1.42 399 65 1.50 0.82–2.77 1.34 0.70–2.55
High (score 17–20) 145 13 1.06 0.69–1.64 0.81 0.49–1.33 79 13 1.20 0.52–2.78 1.03 0.39–2.71

Decision authority

High (score 10–12) 212 19 1.00 ·· 1.00 ·· 114 19 1.00 ·· 1.00 ··
Medium (score 7–9) 697 63 1.20 0.89–1.62 1.26 0.90–1.78 388 63 1.16 0.64–2.11 1.10 0.54–2.21
Low (score 3–6) 200 18 1.44 0.97–2.14 1.60 1.01–2.55 110 18 1.92 0.94–3.93 1.89 0.82–4.38

Skill discretion

High (score 17–20) 231 21 1.00 ·· 1.00 ·· 120 19 1.00 ·· 1.00 ··
Medium (score 12–16) 758 67 1.01 0.78–1.32 0.93 0.67–1.29 415 67 1.20 0.69–2.11 0.89 0.48–1.62
Low (score 5–11) 135 12 1.30 0.85–1.99 1.26 0.76–2.08 83 13 1.23 0.58–2.62 1.11 0.44–2.80

Co-worker support

High (score 13–16) 175 16 1.00 ·· 1.00 ·· 92 15 1.00 ·· 1.00 ··
Medium (score 11,12) 786 70 0.94 0.68–1.30 1.05 0.72–1.53 426 69 1.84 0.83–4.05 2.53 1.09–5.90
Low (score 4–10) 161 14 1.30 0.86–1.96 1.51 0.92–2.46 99 16 3.15 1.34–7.40 4.08 1.59–10.5

Supervisor support

High (score 13–16) 104 9 1.00 ·· 1.00 ·· 59 10 1.00 ·· 1.00 ··
Medium (score 11,12) 540 48 0.92 0.61–1.38 0.87 0.56–1.37 284 46 1.83 0.72–4.66 2.68 0.83–8.67
Low (score 4–10) 476 43 1.14 0.75–1.73 1.15 0.72–1.84 274 44 2.00 0.79–5.10 2.69 0.85–8.44

Job satisfaction

(Almost) always 439 41 1.00 ·· 1.00 ·· 238 41 1.00 ·· 1.00 ··
Often 417 39 1.03 0.79–1.35 1.08 0.79–1.47 216 37 1.53 0.88–2.68 1.34 0.73–2.49
Seldom or never or sometimes 205 19 1.31 0.91–1.88 1.54 1.02–2.34 130 22 2.51 1.43–4.43 2.36 1.25–4.45

a Observations for which neither the exposure variable nor the outcome variable are missing.
b Crude OR and 95% CI resulting from the univariate GEE analysis.
c Adjusted OR and 95% CI resulting from the multivariate GEE analysis, adjustment having been made for the work-related physical load variables, pain

characteristics, and the following individual characteristics: gender, age, smoking habits, body mass index, exercise behavior, and coping skills.

Table 3. Crude and adjusted odds ratios (OR) and corresponding 95% confidence intervals (95% CI) for the work-related physical load
variables, resulting from analyses with a general linear equation (GEE) for the population reporting regular or prolonged low-back pain
at the time of exposure (N=778 workers) with regular or prolonged low-back pain in the following year as the outcome variables.

Variable Recurrent low-back pain Sickness absence due to low-back pain

Valid Crude 95%CI b Adjusted 95% CI c Valid Crude 95%CI b Adjusted 95% CI c

observations a OR b OR c observations a OR b OR c

N % N %

Driving a vehicle

Never or sometimes 968 86 1.00 ·· 1.00 ·· 527 85 1.00 ·· 1.00 ··
Quite often or very often 154 14 1.11 0.75–1.63 1.20 0.76–1.89 94 15 1.21 0.67–2.20 1.23 0.56–2.69

Flexion or rotation of the upper part of the body

Seldom or never or sometimes 567 50 1.00 ·· 1.00 ·· 308 50 1.00 ·· 1.00 ··
Quite often 359 32 1.21 0.92–1.59 1.17 0.83–1.65 197 32 1.19 0.72–1.96 0.87 0.47–1.60
Very often 198 18 1.80 1.29–2.51 1.63 1.05–2.54 116 19 1.24 0.72–2.14 0.92 0.43–1.96

Moving heavy loads (>25 kg)

Seldom or never or sometimes 857 76 1.00 ·· 1.00 ·· 485 78 1.00 ·· 1.00 ··
Quite often 172 15 1.29 0.92–1.81 1.25 0.81–1.92 83 13 0.78 0.38–1.60 0.70 0.29–1.65
Very often 98 9 1.28 0.82–1.98 1.14 0.67–1.94 55 9 0.90 0.42–1.93 0.65 0.25–1.69

a Observations for which neither the exposure variable nor the outcome variable are missing.
b Crude OR and 95% CI resulting from the univariate GEE analysis.
c Adjusted OR and 95% CI resulting from the multivariate GEE analysis, adjustment having been made for the psychosocial work characteristics, pain

characteristics, and the following individual characteristics: gender, age, smoking habits, body mass index, exercise behavior, and coping skills.
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pain and sickness absence due to low-back pain in the
following year. The table shows that, after adjustment
for physical load and individual characteristics, low job
satisfaction was a prognostic factor for both recurrent
low-back pain and sickness absence due to low-back
pain in the following year. Low decision authority was
a prognostic factor for recurrent low-back pain, but the
odds ratio of this factor for sickness absence, although
higher, was not statistically significant. Both co-worker
support and supervisor support seemed to be more rele-
vant in the prognosis of sickness absence than in that of
recurrent low-back pain. However, only the odds ratio
for co-worker support and sickness absence was statis-
tically significant.

Discussion

Summary of findings

Pain characteristics were identified as predictors of a
poor prognosis for workers with low-back pain. High
disability due to low-back pain turned out to be the best
predictor of future low-back pain, as well as sickness
absence due to this pain. None of the individual charac-
teristics could be identified as prognostic factors.

In a working population, it is especially important
to identify work-related prognostic factors as these fac-
tors can be altered to reduce the risk of a poor outcome.
In this study driving a vehicle and moving heavy loads
were not identified as prognostic factors, whereas flex-
ion and rotation of the trunk were identified as prog-
nostic factors for recurrent low-back pain, but not for
future sickness absence due to this pain. Low job satis-
faction was identified as a prognostic factor for both re-
current low-back pain and sickness absence due to low-
back pain in the following year. Other prognostic fac-
tors were low decision authority, low co-worker sup-
port, and low supervisor support, but these factors were
not statistically significant for either outcome.

Our results can be compared with those of other
analyses with the same data, dealing with risk factors
for the onset of low-back pain (12–14) and the occur-
rence of sickness absence due to low-back pain (15). In
those analyses the study population consisted of work-
ers who did not report low-back pain at baseline. Both
flexion and rotation of the trunk and lifting weights were
risk factors for the occurrence of low-back pain (12, 14),
as well as sickness absence due to low-back pain (15).
Concerning psychosocial work characteristics low job
satisfaction was identified as a risk factor for sickness
absence due to low-back pain (15), while no statistical-
ly significant relations were found between psychoso-
cial work characteristics and the occurrence of low-back

pain (13, 14). However, indications were found of a re-
lationship between low social support and low-back
pain, as well as sickness absence due to low-back pain
(13, 15).

From these studies it appears that flexion or rota-
tion of the upper part of the body could be identified as
prognostic factors for the occurrence and recurrence of
low-back pain. With regard to flexion and rotation, it
should be noted that the exposure to these factors did
not change due to complaints of the low-back (table 1).
It seems that workers keep working in this unfavorable
posture in spite of their (former) complaints. It is not
clear why flexion and rotation predict recurrent low-
back pain but not future sickness absence in a popula-
tion of workers with complaints, whereas it was identi-
fied as a prognostic factor for both symptoms and sick-
ness absence in a symptom-free population.

With regard to moving heavy loads, it could be as-
sumed that the exposure to this factor differs for work-
ers with and without low-back pain. For example, work-
ers with (a recent history of) low-back pain who need
to lift weights may perform this task in a manner other
than that used by workers who have never experienced
low-back pain. With regard to the psychosocial factors,
it could be assumed that it is not that obvious to change
these conditions, as the relation to low-back pain is not
clear.

It appears that physical risk factors for the occur-
rence and recurrence of low-back pain are similar. This
finding is not surprising, as it is plausible that the caus-
es of a new episode of low-back pain have caused the
first episode as well. On the other hand, one might sus-
pect that, as a consequence of the complaints, one would
change the unfavorable work conditions. In such a case,
especially the risk factors concerning physical load
would not be identified as major risk factors for the re-
currence of the complaints. However, this assumption
appears to be incorrect.

Psychosocial work characteristics appear to predict
both the occurrence and recurrence of low-back pain.
However, in this study population, the relation with re-
currence and future sickness absence appears to be
stronger than the relation with first onset of low-back
pain.

Comparison with previous findings

Concerning pain characteristics and disability, similar
results were found in previous studies. In a review of
studies, based, to a large extent, on patient surveys with
return to work as the outcome measure (11), disability
was identified as a significant prognostic factor for a
poor prognosis, as well as pain severity. In another
study, based on the results of patients in primary care
(8), initial disability rather than initial pain intensity
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seemed predictive of poor recovery. In one study, based
on a working population (10), disability was identified
as the best predictor of future pain, whereas, in another
study in a working population (7), disability was one of
the best predictors of absenteeism but not of symp-
toms.

Previous studies concerning the recurrence of low-
back pain did not examine flexion or rotation or lifting
weights as a prognostic factor. Other variables concern-
ing physical load (heavy work, lifting, and repetitive
work), examined in these studies, were not identified as
prognostic factors (22, 23, 26). The results of other stud-
ies on the prognostic value of psychosocial work char-
acteristics were rather ambiguous. Furthermore, the
comparison of these studies is sometimes difficult as
different operationalizations of psychosocial factors
were applied.

Limitations and potential sources of bias

The model used in our study is a time-lag model, im-
plying that the repeated measurements of the exposure
were related to outcome reported at one measurement
point later (40). With the use of such a time-lag model,
the temporal sequence of cause and effect is taken into
account. In this model the time lag of 1 year was stud-
ied. However, it is not known if this is an appropriate
time lag. Moreover, it could be possible that the differ-
ent variables need to be studied in different time-lag
models. For example, psychosocial work characteristics
may have a more short-term effect, whereas work-re-
lated physical load may have a more long-term effect.
It was beyond the scope of this study to explore these
alternatives.

In the analyses, the correlation structure was speci-
fied as exchangeable. To examine whether the results
are strongly susceptible with respect to the choice of
correlation structure, we repeated the analyses with an
unstructured correlation structure. However, the results
with an unstructured correlation structure were practi-
cally identical to the results with an exchangeable cor-
relation structure.

A potential bias is “feedback bias” (41). It implies
that earlier outcomes may affect subsequent exposure.
Table 1 shows that workers with and without low-back
pain do not differ in the change of exposure between
subsequent follow-up measurements. It seems that the
complaints do not affect work conditions. Therefore, no
effect of feedback bias was expected, although it may
be possible that the effect of complaints on exposure
could not be demonstrated with our data. For example,
workers with low-back pain may not change the fre-
quency in which they move heavy loads, but, as men-
tioned earlier, they may lift them in another manner than
workers without low-back pain.

Concluding remarks

High disability due to low-back pain was identified as a
prognostic factor for recurrent low-back pain and future
sickness absence due to low-back pain. With respect to
work-related physical factors, flexion and rotation of the
trunk were identified as prognostic factors for the re-
currence of low-back pain, but not for future sickness
absence due to low-back pain. With respect to work-re-
lated psychosocial factors, an unfavorable psychosocial
work environment (low decision authority, low social
support, and low job satisfaction) appeared to predict a
poor prognosis of low-back pain, especially future sick-
ness absence.
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