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Abstract
Objectives-To examine changes in
musculoskeletal complaints over four
years in groups of employees relative to
age and work demands.
Methods-Repeated questionnaire data of
male employees in heavy physical work
(exposed group, n=7324) and mental work
(control group, n=4686), stratified for age
(20-9, 30-9, 40-9, 50-9), were analysed. For
each employee, data on the occurrence of
musculoskeletal complaints from two sur-
veys with a mean interval of around four
years were available. Changes in preva-
lences over the follow up interval were
analysed. Proportions of new, recovered,
and chronic cases as well as those free of
complaints at both surveys were studied.
Results-For most complaints, there were
significantly greater increases in preva-
lences in the exposed group compared
with the control group over the follow up
interval particularly within the group
aged 40-9 for back, neck, and several sites
of the upper and lower limbs. The 20-9
year age group also had significantly
greater changes for several musculo-
skeletal complaints. Within the oldest age
group (50-9) exposure to heavy physical
work demands only affected changes in
prevalences of neck and upper arm com-
plaints. After four years in the cohort free
of complaints at the start of the follow up
the group aged 40-9 had the highest
prevalence of complaints of the back,
neck, and the upper and lower limbs.
Conclusions-Middle aged and younger
employees develop musculoskeletal com-
plaints as a result of exposure to heavy
physical work. In the oldest age group
health related selection seems to mask the
occupational health risks under study. To
prevent the expected increase in musculo-
skeletal disorders and related work dis-
ability in our aging workforce, preventive
measures should be taken at all stages ofa
working life.

(Occup Environ Med 1997;54:793-799)
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Over the past years, several epidemiological
studies have reported an increasing frequency
of musculoskeletal disorders with advancing
age among employees in physically demanding
occupations." Most of these surveys were lim-

ited to cross sectional data, offering weak
evidence for causality due to uncertainty over
the time of exposure and bias by a health
related selection of employees.

Longitudinal studies are considered to be
more appropriate for studying the combined
effects of aging and exposure to physical work
demands on the development of musculo-
skeletal complaints, even though these studies
also have their specific problems.5 Published
data on these kinds of studies are scarce. In a
four year follow up study of Tuomi et al,6 an
increase from 36% to 50% in prevalence of
musculoskeletal diseases was reported among
male employees in physically demanding jobs
compared with a change from 25% to 38%
among those in mentally demanding jobs.
These findings, however, were based on only
one particular age group, employees aged 45 or
older.

It might be suggested that several age related
factors are responsible for an increased risk of
developing musculoskeletal complaints with
advancing age for employees in physically
demanding occupations: (a) biological changes
with age-for example, degenerative changes of
the intervertebral discs7; (b) the age related
increase in number of years of exposure to
harmful work demands;2 8 and (c) a gradual
change in the balance between physical work-
load and physical work capacity as a result of a
declining physical work capacity with age not
compensated for by adaptations in tasks and
working conditions.9 10 With this in mind,
differences in the development of musculo-
skeletal complaints between age groups may be
expected over a follow up interval of several
years.
The aim of this study was to examine

changes in musculoskeletal complaints over
about four years among groups of employees
relative to age and work demands.

Materials and methods
QUESTIONNAIRE
Regional occupational health services in The
Netherlands take care of the health and well-
being of the employees of affiliated companies.
Roughly every four years, these employees are
invited by their regional occupational health
services to participate in a periodic occupa-
tional health survey. The surveys are normally
carried out company wide on a voluntary basis
(participation rate 75%-80%11 ). All participat-
ing employees of a company are examined
within a survey period of a few weeks. Part of
the survey is a standardized questionnaire
which has to be completed by the employees
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Table 1 Distribution of the study population over various occupational classes stratifiedfor
types of work demands

n (%)

Mental
Physical scientists
Architects, engineers
Statisticians, system analysts
Authors, journalists
Professional, technical workers
Managers
Government executive officials
Book-keepers, cashiers
Transport and communications supervisors
Clerical supervisors
Sales supervisors and buyers
Technical salesmen, commercial travellers, and manufacturers'
agents
Insurance, real estate, securities and business services salesmen, and
auctioneers
Protective service workers
Production supervisors and general foremen
Others (16 classes <50 workers)
Total

Heavy physical
Agricultural and animal husbandry workers
Metal processors
Wood preparation workers and paper makers
Chemical processors
Spinners, weavers, knitters, and dyers
Food and beverage processors
Tobacco preparers and product makers
Cabinet makers and woodworkers
Toolmaker and machine tool operators
Machinery fitters, machine assemblers, and precision instrument
makers
Electrical fitters and related electrical and electronics workers
Plumbers, welders, sheet metal and structural metal preparers, and
erectors
Rubber and plastic products makers
Paper and paperboard product makers
Printers and related workers
Painters
Production workers
Bricklayers, carpenters, and other construction workers
Material handling and related equipment operator, dockers, and
freight handlers
Labourers (physical) not elsewhere classified
Others (8 classes < 50 workers)
Total

171 (4)
842 (18)
93 (2)
74 (2)
165 (4)
652 (14)
211 (5)
312 (7)
90 (2)

962 (21)
117 (2)
162 (3)

50 (1)

67 (1)
489 (10)
229 (5)

4686 (100)

339 (5)
374 (5)
236 (3)
94 (1)
71 (1)

317 (4)
115 (2)
276 (4)
585 (8)
909 (12)

327 (4)
298 (4)

72 (1)
371 (5)
234 (3)
278 (4)
111 (2)

1201 (16)
704 (10)

323 (4)
91 (1)

7324 (100)

themselves. The questionnaire comprises 55
items about work and working conditions and
1 17 items about health, all to be answered with
yes or no only. For this paper, the data from 19
questions on musculoskeletal complaints in
various areas of the body were selected from
the survey questionnaire (table 3). The ques-
tions were generally phrased; "Do you regularly
have pain or stiffness in the -?"

STUDY POPULATION
Between 1982 and 1993, 44 486 employees
participated in a survey once or more, some
even up to four times. All surveys were carried
out by one regional occupational health service
in the eastern part of The Netherlands (Doet-
inchem). Employees worked in a wide range

Table 2 Number of male employees studied, mean (SD) age, andfollow up time between
repeated surveys, stratifiedfor age group and types of work demands (age group refers to
age at Ti)

Age group (y)

Types of work demands 20-9 30-9 40-9 5S-9 Total

Mental:
n 772 1814 1365 735 4686
Age (mean (SD) y) 25.9 (2.3) 34.9 (2.7) 44.2 (3.0) 53.0 (2.4) 39.0 (9.0)
Follow up (mean (SD) y) 4.0 (0.3) 3.9 (0.5) 3.8 (0.6) 3.6 (0.5) 3.9 (0.5)

Heavy physical:
n 1721 2553 1934 1116 7324
Age (mean (SD) y) 25.1 (2.6) 34.7 (2.6) 44.1 (3.0) 52.7 (2.2) 37.7 (9.6)
Follow up (mean (SD) y) 4.0 (0.4) 4.1 (0.7) 3.9 (0.7) 3.5 (0.5) 3.9 (0.6)

(several hundreds) of occupations. For this
study, a selection was made of all male employ-
ees who participated at least twice in a survey
during this period, with an interval between the
first and second survey varying between 2.5
and 5.5 years (mean 3.9 years). Only subjects
with results at both surveys were used, leading
to a fixed cohort. Only data from men were
selected for further analysis as there were too
few women.
Employees aged 20-59 at the first survey

were selected and four equal age strata were
constructed according to age at that time
(20-9, 30-9, 40-9, 50-9). Stratification was
made for work demands based on the employ-
ee's job title according to the classification
described by De Zwart et al.'2 Four categories
of work demands are distinguished in this
classification; mentally demanding work;
mixed mentally and physically demanding
work; light physically demanding work; and
heavy physically demanding work. For our
study, only subjects within the two most
contrasting categories were selected-that is,
employees in the categories of mentally de-
manding work and heavy physically demanding
work. In this paper these categories will be
referred to as mental and heavy physical. Data
from subjects in the two other categories were
excluded from the analyses because of the few
employees, especially in the oldest age group.
The category mental work-the control

population-is characterised by sedentary oc-
cupations. Jobs in the category heavy physical
work are characterised by tasks such as lifting
heavy objects, handling heavy tools, and often
stooping in combination with standing or
walking. Employees who changed their work
tasks between the first and second survey, as a
consequence of a change in job, were excluded
from analyses. Tables 1 and 2 present several
characteristics of the study population.

DATA ANALYSIS
Within each stratified group, prevalences of the
various musculoskeletal complaints were com-
puted on the basis of questionnaire data for
each survey separately. Also, changes in preva-
lences of complaints between the two surveys
were calculated at group level. Within each age
group these changes in prevalences in the
group in heavy physical work (exposed) versus
those in mental work (control) were tested. As
effect measure Y-the change in prevalence
between the two surveys-in the exposed
group minus the change in the control group
was used. The applied test statistic is presented
in the appendix. Differences were considered
significant when the P value was <0.05.

Results
The figure and table 3 show the changes in
prevalences of shoulder complaints over four
years. Within all age groups the prevalences of
shoulder and other reported musculoskeletal
complaints at both surveys were substantially
greater in the category of heavy physical work
when compared with the control category of
mental work (table 3). When comparing preva-
lences at the first survey between the four age
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Figure 1 Changes in prevalences of complaints of the
shoulder between the first (Ti) and the second (T2) survey

for male employees, stratifiedfor age group and work
demands (total n=12 010). Statistics compared the
difference in change in prevalence between the two surveys

in heavy physical work versus mental work. Age group
refers to age at the first survey.

groups, a common finding was that they
increased from the youngest age group to the
group aged 40-9. For most complaints this
increase was followed by a flattening or even

decreasing pattern between the two oldest age

groups (40-9 and 50-9). This was particularly
obvious in the heavy physically exposed group.
When focusing on changes in prevalences of

shoulder complaints over four years (preva-
lence at the second minus prevalence at the
first survey), significantly greater increases
between the first and second surveys were-

found for the physically exposed category than
for the control population in the age groups

20-9, 30-9, and 40-9 (P<0.05, P<0.001, and
P<0.01 respectively, figure). No significant dif-
ferences were reported for the oldest age group
(50-9). For most complaints, greater increases
were reported among employees in heavy
physically demanding work compared with
those in mentally demanding work (table 3).
Many significant differences were found in the
age group 40-9 years, and several in the groups
aged 20-9 and 30-9. In the oldest age group,
significant differences were only present for
complaints of the neck and upper arm

(P<0.05). For the upper limbs, complaints of
the shoulder were found to be most common,
showing relatively large changes in prevalences
within all age groups. For the lower limbs,
comparable high prevalences were found for
complaints of the knee and hip.
The net changes in prevalences over several

years within a fixed cohort of employees with
and without complaints at the start of the
follow up (table 3), are entirely based on the
difference between the number of employees
developing complaints over the interval (new
cases) versus those recovering from complaints
(recovered cases). Table 4 shows the distribu-
tion of these new and recovered cases with
those reporting complaints at both surveys
(chronic cases) and those free of complaints at
both surveys.
The number of chronic cases increased with

age in both types of work (table 4). For
complaints of the back and upper and lower

limbs, significantly greater frequencies of
chronic cases were present among employees in
heavy physical jobs than in those who did men-
tal work within all age groups. The proportion
of cases who recovered in the youngest age
group was high when related to the number of
cases with complaints at the first survey (sum
of the number of chronic cases plus recovered
cases). For all age groups in both types of work
the number of recovered cases never exceeded
the number of new cases, resulting in a net
increase in prevalences over the four years of
follow up (table 3). For all four complaints
reported in table 4 the largest difference
between the new and recovered cases was
found for the age group 40-9 in heavy
physically demanding work.

Table 4 also shows prevalences at the second
survey of complaints of the back, neck, and the
upper and lower limbs among a selected cohort
of employees free from complaints at the first
survey. As all cases at the second survey repre-
sent new events, this prevalence may be
considered as a rough approximation of the
cumulative incidence over the four year inter-
val. Significantly greater prevalences of all new
complaints reported in table 4 were found in
the age groups 20-9, 30-9, and 40-9 in heavy
physical work compared with the control
group. For the oldest age group (50-9) signifi-
cant differences were absent. With the excep-
tion of complaints of the neck, an increasing
trend in prevalence was found with age up to
the age group 40-9 in heavy physical work. An
already high prevalence of new back com-
plaints of 18% was found in the youngest age
group in heavy physical work relative to the
other age groups. For all complaints in this type
of work, prevalences remained at a stable level
or declined slightly between the two oldest age
groups. This decrease was not found in the
group with mental work.

Discussion
In the present study, changes in musculoskeletal
complaints over about four years among
employees in several age groups were examined
relative to types of work. For most of the com-
plaints exposure to heavy physically demanding
work affected the rate of change of these
complaints in the age group 40-9 years. A simi-
lar effect for fewer complaints was also present
in the two youngest groups, 20-9 and 30-9.

SUBJECTS
Generally, a selection effect is found in studies
of health complaints among older employees,
often ascribed to the high number of health
related drop outs in this age group.4 13 Health
related selection already affects the composi-
tion of an elderly study population at the start
of a follow up study. This phenomenon might
be a plausible explanation for the flattening or
decreasing prevalences of musculoskeletal
complaints at the first survey in the oldest age
group within heavy physical work. Also, the
employees in our study were selected because
of participation in a survey twice, with a
restricted time interval in between. This
criterion may also have resulted in a health

n l
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related selection of subjects, excluding those (De Zwart et al'4). It was found that of all
employees who were not able to participate a employees who participated in one survey,
second time for example, due to a health around 70% also participated in the next after
related drop out. four years, while still working within the same

Unfortunately, within the original survey type of job and company. Back complaints as
data set, the reasons for not participating a sec- well as high age at the first survey were both
ond time were not registered. Potential reasons found to be associated with no participation
could be change in job, disablement, retire- (drop out) at the second survey. Within the
ment, second survey not within our study four year follow up study of Tuomi et al9
interval 1982-93, company stopped participat- among 2797 employees aged 44-58 years, 65%
ing, or changed from occupational health serv- of them still had the same occupation at the
ice, etc. Due to the large variety and vagueries end of the study. Of all drop outs, almost 32o
of these potential reasons, an appropriate b d d
analysis on the drop outs within this study became disabled, 2600 did not respond, 176o
population was not possible. For this purpose changed occupation, 17% retired, and 6o
an additional study has been performed on a died. Changing occupation, becoming too
specific selected population from the data set disabled to work, and mortality occurred most

Table 3 Prevalences (PRs) of musculoskeletal complaints at Ti and T2, and changes in prevalence between Ti and T2 (T2-Ti) for male employees,
stratified for age group and types of work demands (age group refers to age at Ti)

Age group (y)

20-9 30-9 40-9 50-9

PR (V.) PR (G) PR (%) PR (%)

Site of complaints Ti T2 T2-Ti Ti T2 T2-T1 Ti T2 T2-Ti Ti T2 T2-T1

Back:
Mental
Heavy physical

Middle of the back:
Mental
Heavy physical

Low back:
Mental
Heavy physical

Radiating:
Mental
Heavy physical

Neck:
Mental
Heavy physical

Upper limbs:
Mental
Heavy physical

Shoulder:
Mental
Heavy physical

Upper arm:

Mental
Heavy physical

Elbow:
Mental
Heavy physical

Forearm:
Mental
Heavy physical

Wrist:
Mental
Heavy physical

Hand or fingers:
Mental
Heavy physical

Lower limbs:
Mental
Heavy physical

Hip:
Mental
Heavy physical

Upper leg:
Mental physical
Heavy physical

Knee:
Mental
Heavy physical

Lower leg:
Mental
Heavy physical

Ankle:
Mental
Heavy physical

Foot or toes:
Mental
Heavy physical

10 16 5
19 25 6

3 5 2
10 11 1

6 9 3
9 14 6*

2 5 2
4 8 4

16 19 3
27 34 6*

6 8 2
14 16 2

10 13 3
14 19 5*

6 6 0
9 13 4***

6 9 3 8 11 3
7 12 6* 10 14 4

4 6 2
13 17 4

2 4 2
8 12 5*

1 2 1
3 5 1

1 1 0
2 2 0

0 1 1
1 2 1

1 1 0
4 3 0

1 2 1
4 4 0

9 9 0
17 20 3*

1 1 0
2 3 1

1 1 0
2 4 1*

5 5 0
9 12 3*

1 1 0
2 4 2**

2 2 0
3 4 1

2 1 -1
4 4 0

10 14 4
20 27 7*

7 8 2
13 18 5***

3 4 0
7 9 2**

1 3 1
4 8 3**

1 2 1
3 4 1

1 1 0
4 5 1

2 3 1
5 7 2

11 14 3
22 27 4

2 3 1
5 7 2*

2 3 1
5 6 1

6 7 1
12 15 3*

2 3 1
6 7 1

2 2 0
4 5 1

1 2 1
5 6 1

21 23 2
31 39 8***

8 9 1
16 20 4*

22 26 4
28 31 3

9 10 1
14 16 1

14 15 1 14 16 2
16 21 5** 15 18 3

7 7 0
11 15 5***

8 9 1
10 12 2

10 13 3 16 18 2
13 21 7** 13 18 5*

15 20 5
26 33 7

21 25 4
27 32 5

9 13 4 13 17 4
17 24 7** 18 24 5

6 8 2
11 15 4

4 5 1
8 11 3*

2 3 1
5 6 1

2 2 1
4 6 2*

3 5 1
8 10 2

10 11 1
11 16 5*

6 5 -1
8 10 2

2 3 1
5 6 1

3 4 1
5 6 1

6 7 2
8 11 2

17 17 0 20 24 5
26 32 6*** 28 32 4

5 6 0 6 10 4
9 13 4** 12 13 1

5 5 0
7 11 4***

6 7 1
10 10 0

7 7 0 8 10 2
13 16 3** 14 17 3

5 6 1
8 10 2

3 3 -1
5 6 2**

3 4 0
5 7 2*

8 8 1
8 9 2

3 3 1
4 5 1

3 5 2
6 7 2

*P<0.05; **P<0.01; ***P<0.001 statistics comparing prevalences at T2-T1 in heavy physical work v prevalence rate T2-Ti in mental work within one age group.
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Table 4 Distribution of male employees (%) on the basis of their condition at Ti and T2
for musculoskeletal complaints

PR (00) at T2 in
cohort free of

Ti T2 Ti T2 Ti T2 Ti T2 complaints at
Age group (++) (-+) (+-) (- Tit

Back:
Mental:
20-9 6 10 4 80 11
30-9 9 10 7 74 12
40-9 14 9 7 69 12
50-9 15 11 7 68 13

Heavy physical:
20-9 11*** 14** 8*** 67*** 18***
30-9 19*** 15*** 9* 58*** 20***
40-9 23*** 16*** 8 53*** 23***
50-9 20* 11 8 61** 15

Neck:
Mental:
20-9 3 6 3 88 7
30-9 4 7 4 85 7
40-9 5 8 4 83 9
50-9 10 8 6 76 9

Heavy physical:
20-9 3 9* 3 84* 10*
30-9 6** 8 4 81** 9*
40-9 9*** 11*** 4 75*** 13***
50-9 8 10 5 77 11

Upper limbs:
Mental:

20-9 1 5 3 92 5
30-9 5 9 5 81 10
40-9 9 12 7 73 14
50-9 12 13 8 66 16

Heavy physical:
20-9 7*** 10*** 6*** 77*** 12***
30-9 12*** 15*** 9*** 65*** 19***
40-9 17*** 16** 8 59*** 21***
50-9 18** 15 10 58*** 20

Lower limbs:
Mental:
20-9 3 7 6 85 7
30-9 5 8 6 81 9
40-9 8 9 9 75 11
50-9 12 12 8 68 15

Heavy physical:
20-9 8*** 12*** 9* 71*** 14***
30-9 13*** 14*** 10*** 64*** 18***
40-9 16*** 16*** 9 59*** 21***
50-9 19*** 14 10 58*** 19

*P<0.05; **P<0.01; ***P<0.001, %2 comparing frequency or prevalences in heavy physical work
v this in mental work withing the same age group.
tRough approximation of the cumulative incidence rate over the four year interval.
+=complaint; -=no complaint.
Age group refers to age at T1.

often in occupations which included muscular
work, poor work postures, and a poor physical
environment.
On the basis of these findings it is conceiv-

able that participation in only one survey could
be related to health complaints, increasing the
risk of drop out by disablement or a change to
a less strenuous job during the follow up inter-
val. Inevitably, this health related selection of
employees has biased the results of our study to
some extent, especially within the older age
groups. Furthermore, it is possible that the
health differences between the exposed and
control groups were partially influenced by dif-
ferences in (non-occupational) socioeconomic
factors between the groups. It can be hypoth-
esised that the greater frequency of musculo-
skeletal complaints in the lower socioeconomic
group are partly the result of differences
between social groups in, for example, obesity,
material living conditions, and psychosocial
stress.1 Moreover, it should be born in mind
that reported health complaints of employees
partly depend on the interaction between
existing health problems and current working

conditions.' Demanding work factors may
exacerbate the subjective complaints of a
specific musculoskeletal disorder. For example,
a construction worker with a knee injury will
probably more readily complain about this
injury than a person in a sedentary job experi-
encing the same injury. Within our study this
interaction effect may have resulted in some
reporting bias.

AGE GROUP DIFFERENCES
In several longitudinal studies focusing on
employees in physically demanding jobs, in-
creasing prevalences of musculoskeletal com-
plaints over several years have been
reported.6 17 18 None of these studies, however,
stratified for age.
Among those employees aged 40-9, expo-

sure to heavy physical work increased preva-
lences over the follow up interval of a wide
range of musculoskeletal complaints, causing
the highest prevalences at the second survey of
new complaints of the back, neck, and the
upper and lower limbs within the cohort free of
complaints at the first survey. Perhaps in
employees in this age group the many years of
exposure to harmful physical work demands
combined with the changed balance between
physical workload and physical work capacity
might result in a high risk of work related
musculoskeletal disorders. Also, it is probable
that employees of this particular age were
exposed to extreme physical work demands at
the beginning of their careers.'9 In the category
of heavy physically demanding work, employ-
ees were exposed to tasks such as lifting heavy
objects, manually handling heavy tools, stoop-
ing, etc. Positive associations between these
work related tasks and musculoskeletal com-
plaints have been reported earlier.20

Also, in the age group 20-9, exposure to
physical work demands was found to increase
the prevalences of several musculoskeletal
complaints. Among these younger employees a
relatively large increase ofback complaints was
found. Comparatively high frequencies of first
lumbar complaints among younger employees
have also been reported by others.' 21-23 So,
although for younger employees the cumulative
effects of the number of years of exposure to
heavy physical work demands are relatively low
and physical work capacity is normally at its
highest,'0 exposure to heavy physical work
demands is already a risk factor for the onset of
musculoskeletal complaints. It is possible that a
lack of experience in, for example, the skilled
manipulation of heavy weights, contributes to
the susceptibility of younger employees to
musculoskeletal disorders.' 24
Over four years the oldest employees in

heavy physically demanding occupations, as
opposed to those with mental work, had a sig-
nificantly greater increase in prevalence of
complaints of only the neck and upper arm.
For all complaints investigated, the prevalence
in the oldest employees at the second survey in
the cohort free of complaints at the first survey
was found to be lower than that within the
group for employees aged 40-9 years. The
most dramatic drop between these prevalences
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from the 40-9 year old age group and the old-
est age group was for back complaints. These
findings can be attributed to the health related
selection effect already mentioned, which led
to an underestimation of occupational health
risks in cross sectional and longitudinal epide-
miological studies.5 25 Especially within the
oldest age groups in heavy physically demand-
ing work, the drop out rate as a result of
disablement caused by musculoskeletal com-
plaints is high.26 Tuomi et al,16 reported a sharp
increase in the incidence of work disability
around the age of 55 years in their study.
Referring to the national disablement statistics
of 1994 in The Netherlands this rapid rise was
already becoming obvious around the age of 50
years.27 Thus, the elderly subjects in our study
who managed to participate twice in a survey,
while still working in a heavy physically
demanding job and free of complaints at the
first survey, may be regarded as a relatively
healthy group of survivors. The presence of a
low cumulative incidence of musculoskeletal
complaints in this group may, therefore, not be
surprising. According to this line of reasoning,
our findings suggest that back complaints were
a predominant cause of health related drop out
of older employees. This suggestion is sup-
ported by disorder specific disablement figures
from The Netherlands, covering several years
of our study period.28

Conclusions
The data of this study show that especially
among employees aged 40-9 exposure to heavy
physical demands in the work situation is asso-
ciated with the development of a wide range of
musculoskeletal complaints. However, also in
the younger age groups several effects of expo-
sure to heavy physical work demands were
found. Furthermore, it seems that a health
related selection during the working life results
in a relatively healthy group of employees
within the oldest age group of heavy physically
demanding occupations. These findings em-
phasise that policy measures directed to the
survivor group of elderly employees above 50
years of age only, does not seem to be adequate
and effective in the long term. Preventive
measures should be taken at all stages of a
working life, taking into account the changing
balance between the physical workload and the
individual physical work capacity with advanc-
ing age.

We thank the staff of the Occupational Health Service
"Oost-Gelderland" in Doetinchem for providing their data on
periodical occupational health surveys and Dr Allard J van der
Beek and Herman JA Salle for their useful suggestions with
regard to the manuscript.

Appendix
The epidemiological effect measure (Y), repre-
senting the change in prevalence (PR) between
the first (T1) and second (T2) surveys in the
exposed group (e) minus the change in the
control group (r), as used within this study, can
be described by:

Y = (PRT2-PRT),-(PR2-PRT)r

Table A Potential combinations of conditions of
musculoskeletal complaints at Ti and T

Study group (- -) (- +) (+ -) (++) Total

Exposed
group (e) P--e P-+e P+- e P++e Ne

Reference
group (r) P-- r P-+r P+- r P++r Nr

P stands for proportion of employees of total study group
(exposed or reference).
--Free of complaints, no complaints at both surveys; -+new
cases, only complaints at T2; +-recovered cases, only
complaints at TI; ++chronic cases, complaints at both surveys.

With the notation presented in table A, the
effect parameter Y can also be expressed as:

Y = (P-+ejP+ -e)(P-+rJP+-)
The asymptotically normal test statistic

based on Y is given by the following equation
derived from the general equation used for sta-
tistical testing based on a normal distribution
as described by Rothman29:

Y
var( 1)

The variance of Y (var(Y)) within this test
statistic is given by the following formula (with
i indicating the exposed group or control
group):

var(Y) = Ivar(Pj+i-P+.j) =

E L (P +i+P+ -(P -P+i)
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