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Impact of repetitive manual materials handling and psychosocial work
factors on the future prevalence of chronic low-back pain among
construction workers
by Ute Latza, PhD,1 Annette Pfahlberg, PhD,2 Olaf Gefeller, PhD 2

Latza U, Pfahlberg A, Gefeller O. Impact of repetitive manual materials handling and psychosocial work factors on
the future prevalence of chronic low-back pain among construction workers. Scand J Work Environ Health
2002;28(5):314—323.

Objectives This study investigated the influence of manual stone and brick handling and psychosocial work
factors on the risk of chronic low-back pain and describes the impact in terms of risk advancement period.
Methods The Hamburg Construction Worker Study included a longitudinal study among 488 male construction
workers. Adjusted prevalence ratios (PR) of chronic low-back pain (>3 months during the last 12 months)
according to self-reported worktasks in the baseline survey were estimated with the Cox proportional hazards
model.
Results The 1-year prevalence of chronic low-back pain was 15.4%. Workers with chronic low-back pain in the
baseline survey had a higher risk of such pain during the follow-up (PR 4.07, 95% CI 2.18–7.59). The prevalence
in association with laying large lime sandstones for >2 hours per shift (PR 1.80, 95% CI 1.04–3.14) further
increased after adjustment for job category (PR 2.69, 95% CI 1.25–5.78), and it advanced the risk by a risk
advancement period of 18 years (95% CI 4–39). Workers with low satisfaction with their work achievements had
a higher prevalence of chronic low-back pain (PR 2.07, 95% CI 1.10–3.88). Similar risk estimates were observed
in the subgroup without chronic low-back pain in the baseline survey. A strong effect of time pressure was only
present for these workers (high: PR 6.30, 95% CI 1.41–28.21).
Conclusions The results suggest that repetitive work involving bent positions and the manual manipulation of
heavy stones increases the risk of future chronic low-back pain. For risk communication, the notion that a 40year-old construction worker laying large sandstones has the same risk as an unexposed 58-year-old construction
worker may be more informative.
Key terms accelerated failure time, bricklayer, cohort studies, musculoskeletal diseases, occupational diseases,
risk and rate advancement periods, risk factors.

There is evidence that physical workplace factors and
probably psychosocial work factors contribute to the occurrence of low-back disorders (1–3). In industrialized
countries, chronic low-back pain accounts for the majority of disability cases and the costs of occupational
low-back pain (4, 5). In epidemiologic studies, chronic
low-back pain has been characterized by the duration
of symptoms (6).

1
2

In Germany, disc-related diseases of the lumbar
spine due to the long-term lifting or carrying of heavy
loads or on account of long-term activities requiring
extreme trunk flexion were added to the list of occupational diseases in 1993. The statutory insurance funds
for occupational accidents and diseases are responsible
for the compensation for these diseases. In 1999, 11 138
such claims (15% of the total number of claims) were
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filed by the 42 million insured employees in the industrial sector (7). However, only 240 claims of subjects
suffering from these low-back disorders (1.4% of the
total number of recognized claims) were recognized (7).
About 33% of the filed and recognized compensation
claims came from the construction industry. This industrial sector is known to have a comparatively high prevalence of musculoskeletal disorders (8, 9). In a British
study, the 1-year cumulative incidence of low-back pain
was 40% for construction workers as compared with
28% for managers (10). Cross-sectional studies have
suggested that bricklayers bear a particularly high risk
for developing low-back pain (11) and low-back disorders (9). Longitudinal studies are needed to identify further the hazardous aspects of construction work with
respect to low-back disorders in order to verify the occupational origin and to recommend and introduce effective preventive measures.
The cross-sectional baseline analysis of the Hamburg
Construction Worker Study reports an increased risk for
bricklayers (12). According to the longitudinal analysis, laying large lime sandstones was a potential risk factor for the 1-year prevalence of low-back pain in construction workers without low-back pain in the baseline
survey (13). In the ergonomic evaluation that was part
of the Hamburg Construction Worker Study, Grünwald
et al (14) characterized the work of bricklayers as repetitive, involving the manipulation of heavy loads.
Most of the observed activities of the bricklayers were
carried out in a standing position (94.2%). Thus more
than 50% of their workhours were spent in a bent position. On the average, a bricklayer moved about 881 kilograms per hour. Handling lime sandstones was regarded as a comparatively strenuous task. A bricklayer doing piecework on a large construction site moved more
than 1 tonne per hour when laying large lime sandstones.
A condition of the individual recognition of an occupational disease or the introduction of a new occupational disease in Germany or other countries is a probable occupational etiology. This condition has been translated into a probability of an occupational cause of more
than 50%, corresponding to a relative risk of 2. The approach poses problems if the underlying disease prevalence is high in the general population. As a consequence, alternative measures to quantify the leftward
shifting of disease onset have been suggested, similar
to the model of years of life lost. The concept of the risk
or rate advancement period (RAP) (15) has been used
in recent studies (16, 17) to quantify the temporal advancement of the risk or rate of a chronic disease that
increases with age.
In this article we report the risk of future chronic
low-back pain associated with the manual handling of
specific bricks or stones and the psychosocial work factors found in the entire cohort of the Hamburg Construc-

tion Worker Study and in the subgroup without chronic
low-back pain in the baseline survey. Furthermore, we
estimated potential risk factors according to the risk
advancement period to describe the impact of these factors on the timing of chronic low-back pain in exposed
persons.

Subjects and methods
Subjects
The Hamburg Construction Worker Study is a longitudinal study initiated to identify risk factors of musculoskeletal disorders in the construction industry with a
focus on bricklayers. The local ethics committee approved the study. Briefly, from May 1992 until December 1993, a sample of 571 male construction workers
aged 17–59 years in the area of Hamburg, Germany,
participated in the baseline survey, which has been described in detail earlier (12, 13). Out of this group, 371
employees were recruited from a routine health checkup (employer’s liability insurance) and 108 from contact with local employers. As these employees were older than representative national samples of bricklayers,
concrete builders, carpenters, and house painters from
1986, 32 employees were additionally signed up from
vocational schools. During the first months of 1993,
when recruitment was low, 60 subjects were approached
through advertisements. Due to the mixed sampling
frame, an overall participation rate was not determined.
After 3 years, from May 1995 to July 1996, all the workers were approached for a follow-up survey. Altogether
488 could be traced and were willing to participate (follow-up 85.5%). In previous analyses, younger age and
a history of unemployment were associated with losses
to follow-up (18).

Chronic low-back pain
During the structured interview, the participants were
asked about the occurrence of low-back pain during the
preceding 12 months (“Did you have pain in the lowback region during the last 12 months?”). Low back was
defined as the lumbar spine and specified by an illustration, in case of ambiguity. If workers affirmed the
question on low-back pain, further information about the
type of pain was gathered. In the baseline interview, the
interviewer asked several questions regarding the temporal pattern of different low-back pain types during the
last 12 months. In the follow-up survey, only one question about the number of days with low-back pain during the last 12 months was included. Chronic low-back
pain was defined as ≥90 days of low-back pain during
the last 12 months. Low-back pain lasting at least 90
Scand J Work Environ Health 2002, vol 28, no 5
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days in a row and low-back pain lasting at least 90 days
within 1 year were not differentiated. Nonchronic lowback pain described low-back pain lasting less than 90
days during the last 12 months.

Cumulative years of unemployment (0; 1–17 years),
potential confounders, and potential risk factors were
considered predictors of losses to follow-up.

Data analysis
Work factors and covariates
In the baseline interview, questions were asked about
age, smoking habits (pack-years), job title (carpenter,
house painter, bricklayer, concrete builder, unskilled
worker), and average daily hours of worktasks including laying six different kinds of bricks or stones during
shifts in the preceding 12 months. Large lime sandstone
(3DF) is a frequently used stone with a weight of about
6 to 10 kilograms — depending on the number and size
of perforations. The size of 3DF stones is 50.0 × 23.0 ×
10.4 (length × width × height, in centimeters). 2DF lime
sandstone is smaller and weighs less (4–6.5 kg). The
durations of laying 2DF and 3DF lime sandstones were
highly correlated (Pearson correlation coefficient
r=0.88). Furthermore, the duration of laying clinker (0.8
to 1.4 kg), 2–3DF concrete blocks (2.8–3.6 kg), oversized (> 3DF) concrete blocks (> 3.6 kg), and oversized
lime sandstones (>10 kg) was requested. The reproducibility of the self-reported information on worktasks was
good (19).
An index to measure the stone load (sum of average
stone mass for each type of brick or stone multiplied by
hours per day working with that stone type) and an index for laying oversized concrete blocks or sandstones
normally weighing at least 10 kilograms and requiring
both hands for gripping (yes;no) were compiled.
Psychosocial work factors that have been related to
back pain and back disorders (20) were measured using
a 5-point Likert scale (1=completely disagree, 2=disagree more or less, 3=partly agree, 4=agree more or less,
5=completely agree). They included monotonous work
[“Altogether, my work is uniform (monotonous)”], time
pressure [“I am under time pressure (lack of time is recorded)”], low job control (“Regulations and instructions hinder my performance very much”), poor social
support (“Colleagues impede my work”), and satisfaction with own achievements at work (“I am satisfied
with my achievements at work”).
As in a previous analysis (13), worktask, the index
of stone load, and psychosocial work factors were
assigned to three categories according to the tertiles
of their distribution among the 230 workers without
low-back pain in the baseline survey. Anthropometric
measures, sitting height in centimeters, and body mass
index (kg/m2), were recorded during the orthopedic examination (12). Job change (yes;no) during the followup, reported by 75 workers, was considered a covariate.
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Cox regression models were fitted to the data using the
PHREG procedure of the SAS software (SAS Institute
Inc, Gary, NC, USA) assuming a constant risk period
(21). The dependent variable was the 1-year prevalence
of chronic low-back pain (yes;no) during the follow-up.
Prevalence ratios (PR) with 95% confidence intervals
(95% CI) were calculated. The prevalence ratios were
adjusted for age (years) and additional covariates as indicated. Confounding was reported if a change of more
than 15% in the adjusted risk estimates occurred after
additional adjustment for the covariates in separate models. A test for linear trend was analyzed with ordered
categories of exposure. All the reported P-values are
two-sided; those lower than 0.05 were considered significant.
The risk or rate advancement period has been proposed as an informative measure of risk factor impact
on chronic disease occurrence (15). In essence, it quantifies the effect of risk factors on the timing of diseases
that show a “natural” increase with age. The risk or rate
advancement period must be interpreted with reference
to the strength of the underlying age-incidence curve,
because the magnitude of the risk advancement varies
inversely to the strength of the age effect. For all diseases meeting the necessary assumptions, the risk or rate
advancement period can be derived from the corresponding generalized linear model for the disease risk
dividing the regression coefficient of the exposure (category) by the coefficient of age (15). Details of the technical realization of calculations of risk and rate advancement periods using the validated SAS macro RAPESTIM
have been published (22). Several methods to quantify
95% confidence intervals for ratio-type parameters like
the risk and rate advancement periods have been suggested. In our study setting, characterized by rather few
subjects in some of the exposure categories, we used the
method based on the application of Fieller’s theorem.
This approach, originating from statistically related
problems in bioassays (23), has been shown to be adequate even in cases of small sample sizes. The specific
formula used to estimate the 95% confidence interval
has been published elsewhere (24).

Results
Losses to follow-up were associated with age (PR 0.95,
95% CI 0.92–0.98 per year), nonchronic low-back pain
(PR 0.32, 95% CI 0.17–0.60), high social support (PR
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1.89, 95% CI 1.00–3.57), and a history of unemployment
(PR 2.30, 95% CI 1.08–4.92) in the group without
chronic low-back pain in the baseline survey. Similar
results were obtained for the entire cohort (not shown).
The basic characteristics of the participants are
shown in tables 1 and 2. By the end of the follow-up,
40 subjects had recovered from the chronic low-back
pain episodes recognized in the baseline survey, and 31
new cases had occurred. The prevalence of chronic lowback pain in the entire cohort was higher in the baseline survey than in the follow-up survey.

Different pain characteristics of the subjects with
chronic low-back pain were consistently higher at follow-up than in the baseline survey (table 3). Nearly all
the subjects with chronic low-back pain in the followup survey had low-back pain during or after unusual
movements or tasks. The subjects with nonchronic lowback pain often reported sudden attacks of low-back
pain. Sciatic pain and long-lasting low-back pain were
more common among the subjects with chronic lowback pain than among those with nonchronic low-back
pain. The 1-year prevalence of low-back pain in the

Table 1. Personal characteristics of the workers without chronic low-back pain in the baseline survey and of all the workers at the time of
the follow-up — Hamburg Construction Worker Study, 1992–1996. (SD = standard diviation)
Age (years)
Median Range Mean SD

Smoking (pack-years)

Body mass index (kg/m2 )

Sitting height (cm)

Median Range Mean SD

Median Range Mean SD

Median Range Mean SD

Workers without chronic
low-back pain in the baseline
survey (N=404)

32

42

32.0

9.3

7.0

33.0

8.2

7.4

25

23

25.7 4.2

95

32

94.8 3.7

All workers with follow-up
(N=488)

31

42

33.1 10.0

7.5

33.0

8.7

7.7

25

23

25.8 4.1

94

32

94.6 3.7

Table 2. Job category and chronic low-back pain of the workers without chronic low-back pain in the baseline survey and of all the
workers at the time of the follow-up — Hamburg Construction Worker Study, 1992–1996.
Job category

Chronic low-back pain

House painter

Bricklayer

Carpenter

Concrete builder

Unskilled worker

In the baseline In the follow-up
survey
survey

N

%

N

%

N

%

N

%

N

%

N

%

N

%

Workers without chronic
low-back pain in the
baseline survey (N=404)

115

28.5

150

37.1

63

15.6

54

13.4

22

5.5

–

0

31

7.7

All workers with
follow-up (N=488)

137

28.1

197

40.4

72

14.8

59

12.1

23

4.7

84

17.2

75

15.4

Table 3. Selected back-pain characteristics in the baseline and follow-up surveys among the subjects with nonchronic low-back pain and
chronic low-back pain — Hamburg Construction Worker Study, 1992–1996.
Workers in the baseline survey (N=571)
With nonchronic low-back
pain (N=185)

With chronic low-back
pain (N=101)

Workers in the follow-up survey (N=488)
With nonchronic low-back
pain (N=168 a)

With chronic low-back
pain (N=75)

Back-pain characteristics

N

%

N

%

N

%

N

%

Low-back pain during rest

123

66.5

76

75.3

115

68.9

60

80.0

Low-back pain during or after unusual
movements or tasks

122

66.0

73

72.3

122

73.1

70

93.3

Sudden attack of low-back pain
(lumbago)

79

42.7

40

39.6

90

53.9

39

52.0

Low-back pain radiating to the leg
(sciatic pain)

55

29.7

49

48.5

60

36.9

40

53.3

Long-lasting low-back pain

91

49.1

73

72.3

83

49.7

56

74.7

0

0

101

100.0

0

0

75

100.0

Chronic low-back pain (≥90 days of
low-back pain during the last 12 months)
a

One subject with missing back-pain characteristics.
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baseline survey was associated with an increased risk
of chronic low-back pain at the time of the follow-up
survey in the entire cohort (PR 4.07, 95% CI 2.18–7.59)
and in the subgroup without chronic low-back pain in
the baseline survey (PR 2.08, 95% CI 1.01–4.29). The
risk of chronic low-back pain at the time of the followup survey in association with chronic low-back pain in
the baseline survey was even higher (PR 5.68, 95% CI
3.46–9.32).
Potential risk factors of the 1-year prevalence of
chronic low-back pain at the time of the follow-up were
investigated for the entire cohort and for the subgroup without chronic low-back pain in the baseline
survey (table 4). The risk increased monotonically
with age in the entire cohort but not in the subgroup
without chronic low-back pain. The age effect on the
entire cohort was significant if age was considered
a continuous variable (PR 1.05, 95% CI 1.03–1.08
per 1 year). In the subgroup, the risk of chronic lowback pain at the time of the follow-up survey was lower
in the age group between 40 and < 50 years when this
group was compared with the reference group (table 3).

In the subgroup, age had no significant effect if considered a continuous variable (PR 1.03, 95% CI 0.99–1.07
per 1 year).
Psychosocial work factors showed a similar pattern
in the entire cohort and in the subgroup without chronic
low-back pain in the baseline survey (table 4). Low satisfaction with own achievements at work increased the
risk of chronic low-back pain in the entire cohort. The
test for linear trend was significant (table 4). A strong
effect of time pressure on the 1-year prevalence of
chronic low-back pain at the time of the follow-up survey was only found for the subgroup without low-back
pain in the baseline survey. Adding covariates had no
effect on the risk estimates of satisfaction with own
achievements at work (not shown). Only the inclusion
of the other psychosocial work factors decreased the risk
estimate of low satisfaction with own achievements at
work in the subgroup without chronic low-back pain in
the baseline survey (medium: PR 1.51, 95% CI 0.76–
2.91; high: PR 1.53, 95% CI 0.56–4.21).
The risk of chronic low-back pain at the time of the
follow-up survey in association with laying 3DF lime

Table 4. Risk of chronic low-back pain at the time of the follow-up with respect to age and psychosocial work factors in the baseline
survey among the workers without chronic low-back pain in the baseline survey and among all the workers — Hamburg Construction
Worker Study, 1992–1996. (PR = prevalence ratio, 95% CI = 95% confidence interval)
Workers without chronic low-back pain
in the baseline survey (N=404)

All workers with follow-up (N=488)

Age-adjusted
PR

95% Cl

Age-adjusted
PR

95% Cl

1
1.64
0.93
2.28

Reference a
0.73–3.68 a
0.29–2.96 a
0.63–8.28 a

1
1.94
2.15
5.04

Reference a
1.02–3.67 a
1.06–4.34 a
2.56–9.92 a

1
1.39
1.40

Reference
0.58–3.36
0.59–3.31

1
1.46
1.50

Reference
0.82–2.60
0.86–2.62

1
7.43
6.30

Reference
1.70–32.57
1.41–28.21

1
1.63
1.70

Reference
0.87–3.06
0.92–3.15

1
1.48
1.13

Reference
0.53–4.12
0.40–3.20

1
1.45
1.39

Reference
0.71–2.96
0.69–2.83

1
1.39
1.40

Reference
0.58–3.36
0.59–3.31

1
1.46
1.50

Reference
0.82–2.60
0.86–2.62

1
1.53
1.85

Reference
0.55–4.23
0.67–5.01

1
1.67
2.07

Reference b
0.88–3.13 b
1.10–3.88 b

Age
<30 years
30–<40 years
40–<50 years
50–<60 years
Monotonous work
Low
Medium
High
Time pressure
Low
Medium
High
Job control
High
Medium
Low
Social support
Low
Medium
High
Satisfaction with own achievements at work
High
Medium
Low
a
b

Age-adjustment not applicable.
P=0.0402, test for linear trend (Wald test).

318

Scand J Work Environ Health 2002, vol 28, no 5

Latza et al

sandstones at the time of the baseline survey was increased and showed a dose-response relationship in the
entire cohort (table 5). The test for linear trend was significant. The risk associated with laying 3DF sandstones
for >2 hours per shift was higher in the subgroup without low-back pain in the baseline survey (table 5).
Adjustment for job category increased the strength
of the association between laying large lime sandstones
and chronic low-back pain and resulted in a stronger
dose-response gradient (table 6). Higher prevalence ratios in association with laying 3DF sandstones also appeared in the subgroup without chronic low-back pain
(> 0– <2 hours/shift: PR 0.81, 95% CI 0.14–4.57; 2–8.5
hours/shift: PR 4.66, 95% CI 1.36–16.00). Other covariates did not confound the associations between laying 3DF sandstones and chronic low-back pain at the
time of the follow-up survey (table 6), except for other
psychosocial work factors in the subgroup without
chronic low-back pain. They increased the risk estimate
of the highest exposure category (2–8.5 hours/shift: PR
3.70, 95% CI 1.64–8.33). Other individual factors (body
mass index, sitting height, smoking) did not confound
the associations (not shown). Job changes between the
baseline and follow-up surveys did not influence the risk

estimates. However, the highest category of stone load
became significant in the subgroup without chronic lowback pain in the baseline survey after job changes were
included in the model (PR 2.24, 95% CI 1.01–4.97).
The risk advancement period, interpretable in this
presentation as the length of the time period in which
exposed workers have the same risk of developing
chronic low-back pain earlier in their life than unexposed workers, can be adequately estimated. That of the
highest exposure category for laying large lime sandstones was more than 10 years in all the analyses (table
6). Similar to the observed effects of covariates on the
risk estimates, the inclusion of job category in the model increased the estimate of the risk advancement period for laying 3DF sandstones for > 2 hours/shift to 17.8
years (95% CI 4.0–39.1).

Discussion
The study population of the Hamburg Construction Worker Study was not a random sample of all construction
workers in Hamburg. However, the age distribution of

Table 5. Risk of chronic low-back pain at the time of the follow-up survey with respect to job category and work factors of the bricklayers
in the baseline survey among the workers without chronic low-back pain in the baseline survey and among all the workers — Hamburg
Construction Worker Study 1992–1996. (PR = prevalence ratio, 95% CI = 95% confidence interval)
Workers without chronic low-back pain
in the baseline survey (N=404)

All workers with follow-up (N=488)

Age-adjusted
PR

95% CI

Age-adjusted
PR

95% CI

House painter

1

Reference

1

Reference

Bricklayer

1.25

0.49–3.19

0.93

0.52–1.64

Carpenter

1.45

0.45–1.60

1.23

0.59–2.57

Job category

Concrete builder

1.31

0.38–4.47

0.61

0.23–1.64

Unskilled worker

2.21

0.57–8.57

0.86

0.25–2.88

0 hours/shift

1

Reference

1

Reference

>0– <2.0 hours/shift

0.87

0.29–2.57

0.78

0.39–1.54

2.0–8.5 hours/shift

1.98

0.80–4.89

1.45

0.80–2.62

0 hours/shift

1

Reference

1

Reference a

>0– <2.0 hours/shift

0.50

0.12–2.14

1.13

0.59–2.16 a

2.0–8.5 hours/shift

2.89

1.32–6.35

1.80

1.04–3.14 a

Low

1

Reference

1

Reference

Medium

0.57

0.17–1.96

0.63

0.31–1.30

High

2.10

0.95–4.65

1.44

0.85–2.46

2DF lime sandstone

3DF lime sandstone

Stone load

Laying >3DF stones

a

No

1

Reference

1

Reference

Yes

1.88

0.81–4.39

0.98

0.51–1.86

P=0.0476, test for linear trend (Wald test).
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Table 6. Influence of covariates on the prevalence ratio (PR) and risk advancement period (RAP) for laying large (3DF) lime sandstone
— Hamburg Construction Worker Study, 1992–1996, N=488. (95% CI = 95% confidence interval)
Work factor

Covariates

PR

95% CI

Laying 3DF sandstone
0 hours/shift

Age (years)
1

Reference a

>0– <2.0 hours/shift

1.13

0.59– 2.16

2.0–8.5 hours/shift

1.80

1.04–3.14

Laying 3DF sandstone

a
a

RAP

95% CI

0

Reference

2.5

-10.6–19.2

11.9

0.7–31.0

Age (years) & occupation (5 job categories) b

0 hours/shift

1

Reference c

>0– <2.0 hours/shift

1.66

0.72–3.83

c

9.2

-6.1–28.3

2.0–8.5 hours/shift

2.69

1.25–5.78

c

17.8

4.0–39.1

0 hours/shift

1

Reference d

>0– <2.0 hours/shift

1.10

0.57–2.10

d

2.4

14.6–26.1

2.0–8.5 hours/shift

1.71

0.98–3.00

d

3.6

-0.5–45.0

Laying 3DF sandstone

Laying 3DF sandstone

0

Reference

Age (years) & low-back pain in the baseline
survey (yes; no)
Reference

Age (years) & psychosocial work factors
(low; medium; high) e

0 hours/shift

1

Reference f

0

>0– <2.0 hours/shift

1.29

0.66–2.51

f

3.6

-9.7–21.3

2.0–8.5 hours/shift

1.88

1.05–3.37

f

10.6

-0.9–31.7

Reference

a

P=0.0476, test for trend (Wald test). [From table 4]
House painter, bricklayer, carpenter, concrete builder, unskilled worker.
P=0.0104, test for linear trend (Wald test).
d
P=0.0760, test for linear trend (Wald test).
e Monotonous work, time pressure, job control, social support, satisfaction with own achievements at work.
f
P=0.0346, test for linear trend (Wald test).
b
c

the bricklayers in the baseline survey was comparable
with two representative, occupation-based samples of
German bricklayers aged 18–50 years and examined in
1992 and 1993 (data not shown). The prevalence of
chronic low-back pain at the time of the follow-up
(15.4%) was lower than the prevalence in the baseline
survey (17.7%). This decrease in spite of the observed
age effect on chronic low-back pain within the cohort,
the increasing age during follow-up, and the low percentage of withdrawals indicates selection bias. Although chronic low-back pain in the baseline survey was
not a significant predictor of losses to follow-up (PR
1.58, 95% CI 0.92–2.71), it can be assumed that some
workers with chronic low-back pain had been lost from
the follow-up.
The longitudinal analysis of the Hamburg Construction Worker Study was conducted with a 3-year lag in
time between the exposure and the 1-year prevalence
of chronic low-back pain. The cases of chronic lowback pain consisted of both incident and recurrent (or
chronic) cases. The transition from low-back pain to
chronic low-back pain is probably influenced by psychosocial, socioeconomic, and clinical factors apart
from occupational factors (25). In order to separate etiologic factors of low-back pain from predictors of
the recurrence or chronification of low-back pain, relative risk estimates were additionally shown for the subgroup without chronic low-back pain in the baseline survey.
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History of low-back pain, two psychosocial factors
(satisfaction with own achievements at work, time pressure), and a physical work factor (laying large lime
sandstones) were predictors of future chronic low-back
pain. The results were similar in the entire cohort and
in the subgroup without chronic low-back pain in the
baseline survey, except for differences regarding age,
laying 3DF lime sandstones, and time pressure. The
findings are consistent with previous findings according to which a history of low-back pain (25–31) proved
to be important, whereas height, weight, and probably
smoking habits were not associated with back disorders
in occupational populations (32).
Low satisfaction with own achievements at work increased the risk in the entire cohort. In other prospective studies, low job satisfaction influenced future lowback pain or disorders (26–28, 33–35). It is questionable whether job dissatisfaction is a separate psychosocial characteristic or a stress symptom due to work conditions that can modify the relation between a risk factor and low-back pain (3, 20). In a recent prospective
study of transit operators (36), job dissatisfaction was a
predictor of work-related spinal injury even after
control for past physical workload. Time pressure was
a potential risk factor in the group without chronic lowback pain but not for the 84 workers with chronic lowback pain in the baseline survey (data not shown). As
time pressure was not associated with an enhanced risk
of future low-back pain in an earlier analysis (13), this
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psychosocial work factor may be the most important for
the incidence of chronic low-back pain but not for its
persistence or aggravation. The subjects with chronic
low-back pain in both surveys were more exposed to low
levels of time pressure than those who reported chronic
low-back pain only at the time of the follow-up (data
not shown). This finding may imply self-selection out
of worktasks with high time pressure or minor importance for time pressure after the occurrence of chronic
low-back pain. More research on the influence of psychosocial work factors on the incidence of chronic lowback pain is required.
The risk of laying large lime sandstones weighing
about 7–10 kilograms was mostly independent of the
effect of psychosocial work factors. Laying large lime
sandstones showed a dose-response relationship in the
entire cohort, particularly after adjustment for occupation. The risk increased with higher levels of exposure.
If the models were additionally adjusted for occupation,
there was a twofold increase in the risk of chronic lowback pain for a workload of at least 2 hours per shift in
the entire cohort and in the group without chronic lowback pain. The results may be interpreted so that being
a bricklayer alone has a lower risk than being a bricklayer who lays large lime sandstones. Medium levels of
this work factor and of the other ones of the bricklayers
investigated were associated with no risk (or a marginally enhanced one). The fact that this finding particularly applied to the group without chronic low-back pain
in the baseline survey implies either a beneficial effect of a comparatively short exposure and particularly unfavorable work conditions when hard work
is done over a long time during the shift or selective
losses of moderately exposed workers who later develop chronic low-back pain in the follow-up survey. The
exposure to high levels of laying large lime sandstone
(>2 hours/shift) and to handling oversized stones
(>3DF) was comparatively rare among the subjects
with chronic low-back pain in the baseline survey
and who also reported chronic low-back pain at the
time of the follow-up (data not shown). This finding indicates that heavily exposed subjects may have changed
to less strenuous worktasks due to their back problems.
As a consequence, these risk estimates were lower in
the entire cohort in the group without chronic low-back
pain in the baseline survey even after control for job
changes.
The evidence that laying heavy stones is a potential
risk factor for low-back pain has been shown in previous analyses of the Hamburg Construction Worker
Study (13) and can be based on coherence with the ergonomic evaluation (14) and with other findings regarding physical work factors (14, 28, 33, 32, 37–41). The
previously reported risk of future low-back pain in association with laying large lime sandstones in the group

without low-back pain in the baseline survey was comparable, although lower than the risk estimate reported
in this analysis (13). Grünwald et al (14), who monitored construction workers for the Hamburg Construction Worker Study, characterized the work of bricklayers as repetitive and involving frequent work in bent or
awkward positions and the manipulation of heavy loads.
Due to confidentiality regulations, ergonomic data could
not be combined with the epidemiologic study. Physical work factors were associated with incident low-back
pain (28, 37), and care seeking for low-back pain (33)
in prospective studies on British nurses (37) and Dutch
workers doing hard physical work (28) and in a population-based study in Sweden (33). In a Dutch inception
cohort, the risk associated with frequent bending during work was doubled for patients with chronic symptoms as compared with those with nonchronic symptoms
(38). In recent studies, cumulative physical workload
was assessed by new monitoring methods (39–41). In a
study in the American automobile industry, trunk flexion and lifting at work were identified as risk factors
for back disorders (39). In a prospective cohort study
among several Dutch companies, flexion of the trunk
and lifting at work were identified as risk factors of lowback pain (41).
Risk and rate advancement periods quantify the period in which the risk or rate of a chronic disease is advanced or delayed among exposed people in the absence
of competing risks (15, 22, 24). A fundamental assumption for the application of the concept of the risk or rate
advancement period is the existence of a monotonous
relationship between the outcome and age. The entire
cohort of the Hamburg Construction Worker Study revealed a monotonous age effect on chronic low-back
pain risks. The risk advancement period was not calculated for the group without chronic low-back pain in the
baseline survey because the workers of the group aged
43–53 years at the time of the follow-up had a lower risk
than the reference age group; this finding indicates a nonmonotonous age effect, perhaps due to selection bias.
A further prerequisite for the application and interpretation of the concept of the risk advancement period
is a causal association between exposure and disease.
Given that laying large lime sandstones is a potential
causal risk factor, we employed the risk advancement
period and derived (for the first time) estimates of the
risk advancement period in an occupational setting. That
a 40-year-old construction worker laying large lime
sandstones has the same risk of chronic low-back pain
after 3 years as an unexposed 62-year-old construction
worker provides useful information for risk communication. As the age effect on chronic low-back pain was
moderate and as the risk advancement periods were
computed with reference to the underlying age incidence
curve, the estimation of the risk advancement
Scand J Work Environ Health 2002, vol 28, no 5
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period in this situation resulted in high values. When
risk advancement periods are interpreted, it should
be kept in mind that the estimates are not only sensitive to bias in the exposure-outcome association (as are
all epidemiologic effect measures), but also in the
age-outcome association. Therefore, underestimating
the true age effect due to some form of selection bias
that may be operating in the presented study will lead
to an overestimation of the risk advancement periods.
A more precise quantification of the associated risk advancement periods by a future larger study on this topic
carefully addressing potential selection bias is needed.
Regarding mortality, it is accepted that a life-span of ≥1
years is important. The further application of the approach to measure the accelerated failure time of chronic
diseases in association with work factors will lead to a
better interpretation of the observed advancement associated with the repetitive manual handling of heavy
stones.
This study could not detect moderately increased
risks. Given the study size and the low prevalence of
chronic low-back pain, there was considerable imprecision in many of the estimates; in other words the confidence intervals were wide for exposures with low prevalence and risk estimates of < 2.5 (eg, the risk estimates
of laying 2DF lime sandstones). Moreover, a conservative approach was taken with the used Cox proportional hazards model, which produces standard errors that
are too large (21). In addition, we used a method for
quantifying the precision of the risk advancement periods that guarantees valid confidence intervals (ie, those
holding the nominal confidence levels of 95% even in
case of sparse data). The price typically to be paid for
the application of this procedure is an asymmetric widening of the confidence intervals as compared with those
derived by standard asymptotic procedures like the delta method (15).
In conclusion, the presented results suggest that time
pressure and a physical work factor characterized by
repetitive work in bent positions, as well as the manipulation of heavy stones, increase the risk of developing
chronic low-back pain. The estimates for the risk advancement periods of laying large lime sandstones
shown in this presentation translate the impact of this
potential risk factor into time periods that may be better
understood by exposed workers and thus play an important role in the process of risk communication.
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