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Objectives: To investigate the effectiveness of a counselling and education programme on work ability and
work disability pension for employees in the construction industry.
Methods: Employees with a high disability risk of 38% or more in the following four years were included.
Employees in the intervention group were either selected by an occupational physician or enrolled themselves.
They received an assessment and individual programme focused on optimising work functioning, while the
control group received care-as-usual. Data on work ability measured with the Work Ability Index (WAI) and
work disability pensions were collected at baseline during a periodic occupational health examination and at
9, 18 and 26 months after the start of the intervention using a questionnaire.
Results: Most employees in both the intervention (n = 83) and control group (n = 209) were carpenters (43%
and 37%) and bricklayers (7% and 15%). In the intervention group, 42% successfully completed the
programme. Work ability in the intervention group was lower at baseline but showed an increase over time
while work ability of the control group remained the same. The work ability in the intervention group
improved slightly more (p = 0.09). No statistically significant differences in percentages of employees
receiving a disability pension between the intervention and control group were found at 9 or 18 months and
no differences in the age-adjusted percentages of employees receiving a disability pension were found
between the groups at any measurement.
Conclusions: The programme was slightly effective in improving the work ability but not in reducing work
disability pensions. A more comprehensive multidisciplinary intervention programme might be necessary.

W
orkers in the construction industry are often exposed
to hazardous working conditions, including the
manual handling of loads, and exposure to vibration,

noise, dust and chemicals.1 2 Adverse mental work conditions
such as working under time pressure, employment without
security or having boring work are also prevalent.3 It is,
therefore, well recognised that construction workers are at a
greater risk of developing health disorders and associated
disabilities than workers in other industries and the general
population.1 4 5 Several studies in Europe and the USA found
that construction employees had a higher prevalence of
musculoskeletal disorders, nervous complaints, allergies, lung
diseases and hearing deficiencies.3 5–7 Moreover, accidents and
falls are very common in the construction industry8 9 and they
can result in serious injuries.

Among construction workers these health problems caused
by the sustained heavy physical and/or mental working load,
in addition to frequent accidents and injuries, are likely to
reduce their work capacities and may lead to temporary
absence from work and ultimately to permanent disability. A
number of studies in European countries have shown a high
incidence of permanent work incapacity among construction
workers,4 10 mainly from musculoskeletal and cardiovascular
diseases.1 4

It is important to prevent work disability pension because of
the human and societal costs. Prevention of early retirement as
a result of disability will become even more important, because
the number of construction workers at risk for early retirement
on health grounds is likely to rise in the near future as a result
of the ageing population and work force.3 At the same time,
recent changes in the social legislation in Europe3 11 12 and the
recognition of disability pensioning as a social problem1 12 may

imply that workers need to retire later than they have done in
recent years.

In order to support workers at risk for a work-related
disability in their efforts to remain in paid employment, early
intervention programmes are needed that increase the work
ability of workers whose capabilities at work no longer match
the physical or mental requirements of their jobs. However, few
such early intervention programmes for workers in the
construction industry or elsewhere exist.13 14 It has been
hypothesised that active management and coaching of the
individual employee with difficulties prolonging his or her
working life could prevent the construction worker at risk from
early retirement by improving his work ability.15 16 Therefore, an
intervention programme adopted on the individual capacities
and focused on optimising work functioning was created for
the construction industry. It was based on individual counsel-
ling, education and coaching in the workplace and/or support.

The aim of this study was to evaluate whether this
occupational health intervention programme for construction
workers at risk could (1) increase work ability and (2) reduce
work disability pensions.

SUBJECTS AND METHODS
Subjects
All subjects were Dutch workers employed in the construction
industry. Inclusion criteria for the intervention group were
builders aged 18–64 years and working for a company in the
province of North Holland, while the control group consisted of
builders aged 40–64 years working for a company elsewhere in
the Netherlands.

Abbreviation: WAI, Work Ability Index

792

www.occenvmed.com

 on 21 November 2008 oem.bmj.comDownloaded from 

http://oem.bmj.com


Design
This study consisted of a prospective intervention study with a
longitudinal follow-up. The project included two steps: (1) the
selection of workers at risk; and (2) the provision of a
counselling and education programme.

The selection of workers at risk was based on a previously
developed decision model for the identification of workers at
risk for work disability in the forthcoming four years.17 For the
intervention group, occupational physicians were asked to
select workers at risk and refer these workers to the training
programme. Workers at risk were identified during the
voluntary periodic occupational health examination which
takes place every 2–5 years, depending on the age of the
worker. Approximately half of the employees attend the
examination.

The occupational physician was asked to fill out the validated
selection instrument and to calculate the risk of work disability,
based on the following risk factors: work ability, age, sickness
absence over three months in the previous year and muscu-
loskeletal complaints.17 The risk factors were used in a decision
model to calculate the probability of long-term disability in the
next four years for a particular construction worker, subject to a
specific combination of these four risk factors. The a priori
probability was set equal to the overall long-term disability risk
among the youngest construction workers (,30 years) with a
relatively short exposure history. Compared to excellent work
ability, the risk estimate for work disability was set with the
relative risk at 2.5 for good work ability, 5.4 for moderate work
ability and 10.7 for bad work ability. Age-dependent risks were
set at odds ratios of 1.5, 2.0 and 3.0 for the age groups of 30–
34 years, 35–44 years and 45–54 years, respectively. A sickness
absence period of >3 months had an odds ratio of 2.0, and
severe musculoskeletal complaints had an odds ratio of 3.0.17

All occupational physicians in the programme were provided
with computer software to calculate the risk of long-term
disability based on the four risk factors. According to the
protocol, only workers with a probability of long-term disability
in the next four years of 38% or higher would be advised to
contact the labour market organisation for enrolment in the
counselling and education programme. The decision to take a
cut-off point of 38% probability for long-term disability during
four years was taken in collaboration with social parties in the
construction industry. This probability is currently put into
practice and, in the upcoming years, will be evaluated as to its
effect on disability rates in the construction industry.17

The advice of contacting the labour market organisation was
given by the occupational physician who performed the
periodic occupational health examination and calculated the
risk on long-term disability. Referral to and participation in the
programme was at discretion of the employee. Alternatively,
employees eligible for the intervention group who felt they
would benefit from the programme, but were not scheduled for
the periodical health check-up nor selected based on the
decision instrument by their occupational physician, could also
sign up for the programme themselves. The work disability risk
of this group was assessed before the start of the programme. A
total of 195 employees in the intervention group participated in
the counselling and education programme, of whom 83 (43%)
were selected by their occupational physicians during the
periodical health check-up on the basis of a high risk of >38%
on receiving a disability pension within four years, or enrolled
themselves and were assessed with the same high risk. Only the
83 employees with a high risk were selected for this study.

Employees in the control group were not eligible for the
counselling and education programme and received care-as-
usual: they were invited for a periodical health examination
and received all the medical and occupational healthcare they

would need. Furthermore, they could participate in regular
work-related courses. However, they were not evaluated using
the decision model and could not participate in the individually
tailored counselling and education programme. A random
sample of 1000 employees in the control group was selected by
taking every 13th employee on the list of all employees over the
age of 40 years in the control group who took part in the
periodic occupational health examination between 1 September
2002 and 1 December 2002. Of the 1000 employees who were
randomly drawn from the control group, 998 employees
provided data on work ability and disability risk of whom 209
(21%) were assessed with a high risk of >38% on a disability
pension and 789 (79%) had a risk lower than 38% on a
disability pension in the next four years. Only the 209
employees with a high risk were selected for this study.

As well as the baseline questionnaire, three further ques-
tionnaires were sent to participants in the intervention
programme and to the random sample of employees in the
control group in December 2002, September 2003 and May
2004, which was 9, 18 and 26 months after the onset of the
study, respectively.

Counsell ing and education programme
The aim of the counselling and education programme was the
enhancement of the individual work ability and the prevention
of a disability pension. The programme comprised an assess-
ment interview, additional assessment of labour market
capabilities, devising an individual education programme,
executing the individual education programme and a follow-
up programme. The individual counselling and education
programme could involve educational courses, individual
counselling and coaching at the workplace. Occupational
relocation could also be the goal of the programme. The
counselling and education programme took place during
working hours and was executed by an independent labour
market organisation. A fully executed programme lasted half a
year. The project started on 1 April 2002.

Measurements
Data on current work situation and work ability were collected
at baseline with the periodic occupational health examination
questionnaire.18 In a standard situation, this questionnaire only
includes questions on work ability for workers older than
40 years, so the employees in the control group also had to be
.40 years. For the employees in the intervention group, the
occupational physicians were asked provide these additional
questions on work ability to all employees.

Current work situation included working (yes/no) or receiv-
ing a disability pension (yes/no). Work ability was measured
with the Work Ability Index (WAI)19 20 which covers seven
dimensions, each of which is evaluated with the use of one or
more questions: current work ability (1 question), work ability
in relation to job demands (2 questions), number of current
diseases (1 question with 15 items), work impairment due to
diseases (1 question), sick leave days during past 12 months (1
question), own prognosis of work ability in next two years (1
question) and mental resources (3 questions). The WAI is a
reliable21 and valid22 measure of work ability with scores
ranging from 7–49. Scores 7–27 indicate poor work ability in
need of restoring, scores 28–36 moderate work ability in need of
improving, scores 37–43 good work ability in need of support-
ing, and scores 44–49 indicate excellent work ability in need of
maintaining. These work ability classifications have been used
to calculate a high disability risk. Additionally, data on age, sex,
job position and health problems were collected at baseline
with the periodic occupational health examination question-
naire.18
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Longitudinal data on current work situation, receiving a
disability pension and work ability were collected with the
three follow-up questionnaires. Additionally, the process
variables of participation in a training programme aimed at
the current work or in a retraining programme aimed at
obtaining other work were assessed with these questionnaires.

After the end of the project, the labour market organisation
provided process variables on each participant in the pro-
gramme which included participation in the following phases
during the entire counselling and education programme: (1)
introduction; (2) assessment interview; (3) further labour
market capabilities assessment; (4) devising the individual
training programme; (5) executing the individual training
programme; (6) follow-up programme; or (7) accomplished
programme (yes/no).

Statistical analysis
Only employees with a risk of long-term disability in the next
four years of 38% or higher were selected from both the
intervention and the control group for the analyses. Differences
in baseline characteristics were tested with t tests for
continuous variables and x2 tests for categorical variables. The
process variables were described. To assess if the programme
was successfully executed, participation in the training pro-
gramme was dichotomised as unsuccessful (phases 1, 2, 3, 4)
and successful (phases 5, 6, 7).

Primary outcomes were work ability as measured with the
WAI and work disability pensions. To analyse if providing the
counselling and education programme had a subsequent effect
on work ability, work ability scores in the intervention and the
control group at 9, 18 and 26 months were analysed using a

mixed-model analysis based on repeated measurements. To
take possible differences in pre-test scores into account, the
work ability score at baseline was entered as covariate. In all
mixed model analyses, the main effects of time and the
interaction effect of group6time were estimated. If an effect of
the intervention on the WAI was found, separate analyses for
the WAI dimensions of current work ability, work ability in
relation to job demands, number of current diseases, work
impairment due to diseases, sick leave days during past
12 months, own prognosis of work ability in next two years
and mental resources was performed. A non-response analysis
was executed in which the scores on the WAI at baseline were
compared between the groups of employees who did and did
not return the questionnaire at the second and third measure-
ment.

The effect of the intervention on occurrence of work disability
was evaluated with a generalised linear model, estimating the
difference in disability risk between both groups, unadjusted
and adjusted for age.

Differences in percentages with 95% confidence intervals
were calculated based on the data gathered at 9, 18 and 26
months. All data were checked and analysed using the Statistical
Package for the Social Sciences (SPSS 12) and SAS. A p value of
,0.05 (two-sided) was considered statistically significant.

RESULTS
Subjects
Table 1 shows the baseline characteristics of the employees
with a high risk of >38% on receiving a disability pension
within four years in the intervention (n = 83) and control group
(n = 209).

The mean age of the participants in the intervention group
was 43 years (range 19–58) while the mean age in the control
group was 51 years (range 40–62) (p,0.001). The percentage of
males in the intervention and control group was 99% and 97%
respectively. Most employees in both intervention and control
group were carpenters (43% and 37% respectively), bricklayers
(7% and 15%), staff personnel (2% and 6%), and work foremen
(both 5%).

A questionnaire was sent at 9, 18 and 26 months after the
start of the intervention programme. At each time point,
questionnaires were returned by 72%, 82% and 80% of those in
the intervention group, and 76%, 86% and 87% in the control
group, respectively.

Intervention programme and process variables
Figure 1 shows the last completed phase of the counselling and
education programme for 69 participants in the intervention
group (data missing from 14 participants). Several participants
refrained from the programme after the introduction (6%) or
the assessment interview (7%). A third of the employees left
after the additional assessment of their labour market
capabilities (32%) and an additional 13% after devising the
individual training programme. Another third of the employees
(32%) executed their individual programme and then left the
programme, while some participants left during follow-up (4%)
and some completed the entire programme (6%).
Dichotomisation into successful completion of the programme
(yes/no) resulted in 29 participants (42%) with a successful
completion of the programme.

Nine months after the start of the programme, 11% of the
employees in the intervention group indicated having partici-
pated in the last six months in a training programme aimed at
their current work and 16% declared having participated in a
retraining programme aimed at obtaining other work. After 18
months these percentages were 13% and 13%, and after 26
months were 9% and 13%, respectively.

Table 1 Baseline characteristics of the employees in the
intervention group and the control group

Intervention
n = 83

Control
n = 209 p Value

Age in years (SD) 42.8 (8.8) 51.4 (5.7) ,0.001

n (%) n (%)
Sex (male) 73* (99%) 202 (97%) 0.69
Job position

Carpenter 36 (43%) 75 (37%)
Bricklayer, bricklayer’s assistant 6 (7%) 31 (15%)
Manager, staff member, director 2 (2%) 12 (6%)
Work foreman 4 (5%) 11 (5%)
Office worker 2 (2%) 11 (5%)
Driver, crane operator 1 (1%) 20 (10%)
Painter 0 (0%) 9 (4%)
Tiler, paver 4 (5%) 6 (3%)
Scaffolder 21 (25%) 0 (0%)
Other 7 (8%) 27 (14%)

*Data missing for nine employees.

Figure 1 Number of participants in the intervention group (n = 69)* for
each last accomplished phase of the programme. *Data unknown for 14
employees.
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Work ability
Figure 2 shows the WAI scores at baseline, 9 months, 18
months and 26 months for the employees who had a high risk
on work disability in the next four years (.38%) at baseline.
Employees in both the intervention (n = 83) and control group
(n = 209) started with moderate work ability scores at baseline
whereby the scores of the intervention group were statistically
significantly (p,0.001) lower than those in the control group:
28.0 (SD 6.0) and 30.9 (SD 5.0). After correction for the
baseline differences in WAI scores, results of the mixed model
analysis showed no overall improvement over time (p = 0.52)
and no differences in improvement over time between the
groups, although the intervention group improved slightly more
(p = 0.09). Analyses on the different dimensions of the WAI
showed that this slight difference was caused by differences in
the change of the dimensions work ability in relation to job
demands (p = 0.012) and mental resources (p = 0.05), but not
by differences in the change of the other dimensions. The non-
response analysis comparing the scores on the WAI at baseline
of the groups of employees who did and did not return the
questionnaire at the second and third measurement indicated that
there were no differences (p = 0.56 and p = 0.74, respectively).

Disability pension
The percentage of employees receiving a disability pension was
analysed both with unadjusted data and adjusted for age.
Table 2 shows that the overall percentages of employees
receiving a disability pension were 3.1%, 6.4% and 8.3% at 9,
18 and 26 months, respectively. The percentage of employees

receiving a disability pension in the intervention group
increased more than in the control group, but no statistically
significant differences in percentages of employees receiving a
disability pension between the intervention and control group
were found at 9 months (0.0% (95% CI 25.2 to 5.2)) or
18 months (5.7% (95% CI 21.1 to 12.5)). At the third
measurement 26 months after the start of the programme,
17.9% of the employees in the intervention group versus 6.2% of
the employees in the control group were receiving a disability
pension, which was a statistically significant difference (11.7%
(95% CI 4.6 to 18.7)). An additional age-adjusted generalised
linear model analysis showed similar results: the age-adjusted
estimated differences in percentages were 0.8%, 5.4% and
11.8%, but none of those were statistically significant differ-
ences (95% CI 24.8 to 6.5; 23.5 to 14.4; and 0.0 to 23.7,
respectively).

DISCUSSION
The aim of this study was to evaluate if a counselling and
education intervention programme for construction workers at
high risk for disability pension could increase work ability and
reduce future work disability pensions. A successful completion
of the programme was achieved by almost half of the
participants. Results showed that the work ability of partici-
pants in the intervention programme was lower at baseline
than in the control group. The work ability of the employees in
the intervention slightly improved over time while the work
ability of the employees in the control group remained the
same. However, when differences in baseline scores were taken
into account, the improvement was not statistically significant.

The percentages of employees receiving a disability pension
increased in both the intervention and control group. The
difference in the percentages of employees receiving a disability
pension was significant 26 months after the start of the
programme, but when the data were adjusted for age, there was
no statistically significant difference between the groups at any
measurement point.

Interventions, be it on societal, organisational or individual
level, need to be supported by evidence obtained through
research.23 This study is one of few prospective controlled trials
on prevention of early retirement in which the effect of the
intervention on several outcome measures was investigated
with a sufficiently long follow-up period.

However, a number of problems within the project were
encountered. First, the selection of participants was found to be
difficult. Fewer employees than expected were selected by their
occupational physician via the selection instrument during the
periodic occupational health examination. It might be possible

Figure 2 Work Ability Index scores at baseline, 9 months, 18 months and
26 months for the participants in the intervention group (n = 83) and control
group (n = 209) with an initial high risk of work disability at baseline.

Table 2 Percentage of employees receiving a disability pension at 9, 18 and 26 months after
the start of the programme: intervention group vs control group

Follow-up Employees, n
Disability
pensions, n (%)

Difference in
percentage (95% CI)

Estimated difference
in percentage (95% CI),
age-adjusted

At 9 months
Intervention group 64 2 (3.1%) 0.0% (25.2 to 5.2) 0.8% (24.8 to 6.5)
Control group 162 5 (3.1%)
Total 226 7 (3.1%)

At 18 months
Intervention group 47 5 (10.6%) 5.7% (21.1 to 12.5) 5.4% (23.5 to 14.4)
Control group 141 7 (5.0%)
Total 188 12 (6.4%)

At 26 months
Intervention group 28 5 (17.9%) 11.7% (4.6 to 18.7) 11.8% (0.0 to 23.7)
Control group 129 8 (6.2%)
Total 157 13 (8.3%)
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that because it was outwith the daily practice of the
occupational physicians to fill in the selection instrument and
calculate the risk of work disability, they selected fewer patients
than expected. Another possibility is that the intervention
programme was offered to the employees but they chose not to
engage in the project. Second, the majority of participants
enrolled themselves in the programme. This self-enrolment
shows a great need for our training programme from building
industry employees but it resulted in fewer baseline data.
Finally, a considerable number of participants did not complete
the programme (57%). A possible reason for this non-
compliance might be that the programme was too long.
Another reason could be that the expectations of the employees
did not match the content of the programme, because a third of
the employees left the programme after the assessment of
labour market capabilities.

With regard to the outcome measurements, work ability
scores at baseline were lower in the intervention group
compared to the control group, although those in the
intervention group were younger and younger employees are
known to have higher work ability scores.24 The WAI scores at
baseline were 28 for the intervention group and 31 for the
control group—both indicating moderate work ability in need
of improvement.20 These baseline scores indicate that the
selection process of the occupational physicians or the self-
enrolment of the participants in the intervention group was
appropriate because their work ability needed improvement.
Moreover, these average baseline WAI scores of 28 and 31 were
much lower than the average score of 40 of Finnish men in
physical work, who were seven years older.24 However, the WAI
selection instrument may be biased for workers aged over
55 years17 and this could have negatively influenced the effect
of the intervention.

A positive finding of this study was that the work ability
scores of the employees in the intervention group improved
over time and the scores of those in the control group did not.
Further analyses showed that this slight difference was caused
by differences between the intervention and control group in
the change of the dimensions of work ability in relation to job
demands and of mental resources, but not by the other
dimensions. It appears that the intervention programme
resulted in a better fit of the workers’ capacities with their
jobs and in improved mental resources, which included
optimism, enjoyment and being active.

However, this slight improvement in work ability did not
result in less disability. The age-adjusted percentages of
employees in the intervention group receiving a disability
pension did not differ to those in the control group at any point
in time. Notably, at 26 months after the intervention the
percentage of employees in the intervention group was almost
statistically significantly higher than in the control group. One
reason might be that the employees lost to follow-up were
those receiving a disability pension. However, the non-response
rates were similar in both groups, and non-response analysis
showed that non-response was not related to work ability
scores at baseline. Another possible reason is that the effect of
the programme disappeared after two years and that follow-up
sessions might be necessary to maintain the effect of the
education and counselling programme.

It might also be possible that the prevention of work
disability and the promotion of work ability started too late
for this vulnerable group at high risk, as was also indicated by
the high percentage of employees leaving the programme after
the assessment of labour market capabilities. In that case, the
individual counselling and education programme should start
earlier and should therefore also be aimed at employees with an
occupational disability risk of less than 38% in the next four

years. Another possibility is that the intervention programme
should have been more comprehensive for this high risk group
to be more effective. Earlier studies showed that multi-
disciplinary interventions,13 25 early workplace interventions26

and organisational interventions27 are most effective in redu-
cing disability pensions and sick leave days. Therefore, future
research should put more emphasis on a comprehensive
multidisciplinary approach and study a larger group of employ-
ees with a longer follow-up. An example of such a promising
programme is the Swedish Galaxen model in which rehabilita-
tion and prevention activities in the construction industry are
provided. The model is multidisciplinary with representatives
from the employers, trade union, employment office and
professionals, and supplies the employee with a personal case
manager.28 The Galaxen model therefore has more parties
involved in the rehabilitation/disability prevention process than
our programme and has more personal supervision.

In conclusion, the counselling and education programme was
slightly effective in improving work ability but not in reducing
work disability pensions. Employees with a high risk for
disability pension might need a more extended multidisciplin-
ary intervention.

ACKNOWLEDGEMENTS
This study was supported by a grant from the social partners in the
construction industry.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

A G E M de Boer, M H W Frings-Dresen, Coronel Institute of Occupational
Health, Academic Medical Center, University of Amsterdam, Amsterdam,
the Netherlands
A Burdorf, Department of Public Health, University Medical Center
Rotterdam, Erasmus MC, Rotterdam, the Netherlands
C van Duivenbooden, Arbouw Foundation, Amsterdam, the Netherlands

Competing interests: None declared.

REFERENCES
1 Arndt V, Rothenbacher D, Daniel U, et al. Construction work and risk of

occupational disability: a ten-year follow up of 14,474 male workers. Occup
Environ Med 2005;62:559–66.

Main messages

N As construction workers are among those with the highest
risk of work-related disability, interventions are needed
that target workers at risk in order to prevent them from
quitting the workforce.

N In this study, employees with a high disability risk of 38%
or higher in the next four years were randomised into an
individual counselling and education programme or care
as usual.

N Work ability in the intervention group increased slightly
more in the intervention group.

N No differences in the age-adjusted percentages of
employees receiving a disability pension were found
between the groups at any measurement.

Policy implication

A more comprehensive multidisciplinary intervention pro-
gramme might be necessary to reduce work disability pensions.

796 de Boer, Burdorf, van Duivenbooden, et al

www.occenvmed.com

 on 21 November 2008 oem.bmj.comDownloaded from 

http://oem.bmj.com


2 van der Molen HF, Sluiter JK, Hulshof CT, et al. Implementation of participatory
ergonomics intervention in construction companies. Scand J Work Environ Health
2005;31:191–204.

3 de Zwart BCH, Frings-Dresen MHW, van Duivenbooden JC. Senior workers in
the Dutch construction industry: a search for age-related work and health issues.
Exp Age Res 1999;25:385–91.

4 Brenner H, Ahern W. Sickness absence and early retirement on health grounds in
the construction industry in Ireland. Occup Environ Med 2000;57:615–20.

5 Petersen JS, Zwerling C. Comparison of health outcomes among older
construction and blue-collar employees in the United States. Am J Ind Med
1998;34:280–7.

6 Engholm G, Holmström E. Dose-response associations between musculoskeletal
disorders and physical and psychosocial factors among construction workers.
Scand J Work Environ Health 2005;31(Suppl 2):57–67.

7 Latza U, Karmaus W, Sturmer T, et al. Cohort study of occupational risk factors of
low back pain in construction workers. Occup Environ Med 2000;57:28–34.

8 Snashall D. Occupational health in the construction industry. Scand J Work
Environ Health 2005;31(Suppl 2):5–10.

9 McVittie DJ. Fatalities and serious injuries. Occup Med 1995;10:285–93.
10 Guberan E, Usel M. Permanent work incapacity, mortality and survival without

work incapacity among occupations and social classes: a cohort study of ageing
men in Geneva. Int J Epidemiol 1998;27:1026–32.

11 Poole CJ, Bass CM, Sorrell JE, et al. Association of Local Authority Medical
Advisers. Ill-health retirement: national rates and updated guidance for
occupational physicians. Occup Med (Lond) 2005;55:345–8.

12 Stattin M. Retirement on grounds of ill health. Occup Environ Med
2005;62:135–40.

13 de Boer AG, van Beek JC, Durinck J, et al. An occupational health intervention
programme for workers at risk for early retirement: a randomised controlled trial.
Occup Environ Med 2004;61:924–9.

14 Bertera RL. The effects of workplace health promotion on absenteeism, and
employment costs in a large industrial population. Am J Public Health
1990;80:1101–5.

15 Ilmarinen J, Louhevaara V. FinnAge- Respect for the aging: action programme to
promote health, work ability and well-being of aging workers in 1990–96.
Helsinki: Finnish Institute of Occuaptional Health, 1999.

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

17 Burdorf A, Frings-Dresen MHW, van Duivenbooden JC, et al.
Development of a decision model to identify workers at risk for long-term
disability in the construction industry. Scand J Work Environ Health
2005;31(Suppl 2):31–6.

18 Arbouw Foundation. Questionnaires for the periodic occupational health
examination, A manual for occupational physicians [in Dutch]. Amsterdam:
Arbouw, 2002.

19 Ilmarinen J, Tuomi K. Work ability index for aging workers. Helsinki: Finnish
Institute of Occupational Health, 1993:142–51.

20 Tuomi K, Ilmarinen J, Jahkola A, et al. Work Ability Index, Second revised
edition. Helsinki: Finnish Institute of Occupational Health, 1998.

21 de Zwart BC, Frings-Dresen MH, van Duivenbooden JC. Test-retest reliability of
the Work Ability Index questionnaire. Occup Med (Lond) 2002;52:177–81.

22 Nygard CH, Eskelinen L, Suvanto S, et al. Associations between functional
capacity and work ability among elderly municipal employees. Scand J Work
Environ Health 1991;17(Suppl 1):122–7.

23 Kilbom A. Evidence-based programs for the prevention of early exit from work.
Exp Aging Res 1999;25:291–9.

24 Ilmarinen J, Tuomi K, Klocklars M. Changes in the work ability of active
employees over an 11-year period. Scand J Work Environ Health
1997;23(Suppl 1):49–57.

25 Jensen IB, Bergstrom G, Ljungquist T, et al. A 3-year follow-up of a
multidisciplinary rehabilitation programme for back and neck pain. Pain
2005;115:273–83.

26 Arnetz BB, Sjogren B, Rydehn B, et al. Early workplace intervention for
employees with musculoskeletal-related absenteeism: a prospective controlled
intervention study. J Occup Environ Med 2003;45:499–506.

27 Goine H, Knutsson A, Marklund S, et al. Sickness absence and early retirement at
two workplaces—effects of organisational intervention in Sweden. Soc Sci Med
2004;58:99–108.

28 Stenlund B. The Galaxen model-a concept for rehabilitation and prevention in
the construction industry. Scand J Work Environ Health 2005;31(Suppl
2):110–15.

ECHO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Scotland benefits from smoking ban

Please visit the
Occupational
and
Environmental
Medicine
website [www.
occenvmed.
com] for a link
to the full text
of this article.

A
study in Scotland has confirmed how hospitality staff and customers there have benefited
from a national smoking ban in enclosed public spaces. One of the largest direct
evaluations anywhere, it showed high compliance since the ban came into force in March

2006, confounding predictions of the naysayers.
Average secondhand smoke concentrations—measured as airborne particulate matter

,2.5 mg diameter (PM2.5)—in selected public houses dropped on average 80% after the ban
and were generally similar to those of the outside atmosphere, drastically down from their
previous levels, when they exceeded limits classified as ‘‘unhealthy’’ by US criteria in 81% of
visits; as ‘‘very unhealthy’’ in 58%; and ‘‘hazardous’’ in 40%.

Fifty public houses in Aberdeen and Edinburgh were randomly selected, and 53 visits were
made to 41 pubs, 37 in Edinburgh and 16 in Aberdeen. Visits occurred two months before and
eight weeks after the ban, when air was sampled with a portable direct PM2.5 monitor. Sampling
was done discreetly—to avoid changing behaviour of staff or customers—on the equivalent day
of the week and at time of day during before and after visits and included busy and quiet times.

The study assessed the impact of the 2005 Scottish act, which followed smoking bans in many
other countries. These have all produced a drop in secondhand smoke. Lately, the World Health
Organisation has specified a 24 hour average air quality limit for PM2.5 of 25 mg/m3 in outside air
to protect against respiratory and cardiovascular diseases.

m Semple S, et al. Tobacco Control 2007;16:127–132.
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